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LETTER FROM THE PRESIDENT 

Hon. JoHN M. CARMODY, 

T HE WHITE H ousE, 
Washington, June 21, 1940. 

Administrator, Federal }Vorks Agency, Washington, D. C. 
:YI Y DEAR MR. CARMODY: 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 Council of National Defense and the War and Navy 
Departments, to have the Public Roads Administration of your 
Agency make a survey of our highway facilities from the viewpoint 
of national defense and ad vise me as to any ste_ps that appear necessary. 

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

I am sending a copy of this letter to the agencies enumerated above.. 
Yours sincerely, 

FRANKLIN D. ROOSEVELT. 
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LETTER FROM THE NAVY DEPARTMENT 

The ADMINISTRATOR: 

NAVY DEPARTMENT, 
OFFICE OF THE SECRETARY, 

Washington, January 15, 1941. 

Federal Works Agency, Washington, D. 0. 
Sm: The matter of access roads' to the Military and Na val 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 Establishments has been made and that the complete 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 is requested that early action be 
taken to accomplish at least the most urgent projects in the program. 

Respectfully, 
FRANK KNOX. 
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LETTERS FROM THE ADVISORY COMMISSION TO THE 
COUNCIL OF NATIONAL DEFENSE 

THE ADVISORY COMMISSION TO THE 
COUNCIL OF NATIONAL DEFENSE, 

Washington, D. C., January 30, 1941. 
:Mr. JoHN M. CARMODY, 

Administrator, Federal Works Agency, Washington, D. C. 
D EAR MR. CARMODY: The matter of access roads to the Military 

and Naval Establishments and certain private establishments engaged 
on national defense production is assuming great importance. 

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 is requested that early action be 
taken to accomplish at least the. most urgent projects in the program . 

Yours sincerely, 
R ALPH B UDD, 

Transportation Commissioner. 

THE ADVISORY COMMISSION TO THE 
COUNCIL OF NATIONAL DEFENSE, 

FEDERAL RESERVE BUILDING, 

To: Mr. Ralph Budd. 
From: Willam S. Knudsen. 

Washington, D. C., December 10, 1940. 

Subject: Public Roads-Command Housing and Munitions Projects. 
As the construction work progresses on command housing, muni-

tions plants, etc., it is becoming increasingly clear that the highway 
and related traffic situation requires most careful consideration to 
insure reasonably satisfactory traffic conditions when these projects 
are in service. Present plans contemplate as many as 50,000 troops 
in several camps and ten to fifteen thousand employees in some of the 
munitions operations. , 

In many instances the camps are off the beaten path, so to speak, 
and existing road networks will doubtless have to be improved and 
supplemented. 

Mr. Harrison has discussed this with Mr. Fischer from time to time 
and this note is simply to advise of our readiness to be of every possible 
service in this important matter. 

WILLIAMS. KNUDSEN. 
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LETTER FROM THE FEDERAL WORKS AGENCY 

'The PRESIDENT, 
The White House. 

Sm: In the preparation of this report on highways for the national 
d efense, the Secretary of War, the Secretary of the Navy and Mr. 
Ralph Budd, Transportation Commissioner of the Advisory Commis-
'flion to the Counc;il of National Defense, have cooperated through the 
Washington and field personnel of their respective organizations in the 
assembly and evaluation of the date'which form the basis for the con-
clusions herein presented. The expressions of key officials in the 
defense program are quoted directly. 

The State highway departments have contributed generously the 
essential services of their organizations in the making of needed surveys 
and plans and have included a large number of important projects in 
current construction 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 defens e program dPpendent upon highway transport. 

The various units of-the Federal Works Agency, including the head-
.quarters staff, the Public Roads Administration and the Work Proj-
.ects Administration , are pushing forward all projects it is possible to 
finance with existing funds under the legal requirements which must 
b e met, and to develop the program of most needed road projects. 

Finally, we have received assurances of complete cooperation fr.om 
the equipment manufacturers , the material producers and the high-
way contractors through their organized associations, in carrying 
forward the programs of construction in line with the best traditions of 
service to meet the country's requirements which are a product of 
this critical period. 

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

Respectfully submitted. 

4 

J OHN M. CARMODY, 
Administrator, Federal Works Agency 
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LETTER FROM COMMISSIONER OF PUBLIC ROADS 

FEBRUARY 1, 1941. 
Mr. JoHN M. CARMODY, 

Administrator, Federal Works Agency. 
Sm: This report presents the essential requirements and priorities 

of operations, necessary to provide rnrrds and streets reasonably ade-
quate for Lhe national drfcnsc. Two general construction progrnms 
are necessary, thr providing of ncccss ronds, and the development of 
the strategic network to Pliminrrte known wcrrk and inadcquaLe sec-
tions. There is no padding of the needs with theoretical conceptions 
or community clesin's masquerading behind defense requirements. 
Our highways and streets arc inadequate for the national defense in 
definite particulars. These , dt,ficiencics can be remedied promptly 
and progressively in the order of their defense importance only if ade-
quate programs including the ll('Cessnry funds arc provided, to be 
carried on through the established State and Federal highway organi-
zations. 

France built the ~foginot lillC' of defense fortifications, a conception 
based upon tradition and the historical pattern of previous wars with 
Germany. Holland relied upon her neutrality and perhaps her below-
sea-levcl possibilities of flooding the land . These and other similar 
considerations may have influenced the planning of the German 
military machine. The relatively small number of motor vehicles 
and production capacity in the countries of Europe, so totally unlike 
the conditions in tlll' United States, provided a rare opportunity to 
the German General Staff. At the very moment England was impos-
ing limitations upon the motortruck, Germany was subsidizing its use 
and, as a major national policy, engaging on a magnificent scale in the 
construction of a national system of super highways. The mileage 
actually complctrd beforr Germany's war machine went into action 
could not have had more than a limited utility, but the whole scheme 
was symbolic of Germany's conception of the new technique of warfare 
based upon fast and coordinated movement of mechanized power units 
over the land, upon the sea, and in the air. 

In each of thesr fields of operntion tlH' drfrnsc program of the United 
States is grnernting larg<' nmounts and varietirs of highway tra.ffic 
which demand 1ww roads and new bridgrs. Indicative of the uui-
vcrsal servir,r of highway transport, many of the most prrssing new 
highways or bridgrs arc to scrw ('Ssential n'quiremcnts of the shore 
establishments of the Navy. 
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6 filGHWAYS FOR THE NATIONAL DEFENSE 

The effort of the Public Roads Administration in this report is to 
present the necessary highway program as determined in detail by 
the three major defense agencies. The suggested division of costs is 
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 
is very largely required by civil traffic, but the potential defense needs 
will advance the priority of many projects. 

Every effort is being made to utilize funds heretofore made available 
for the normal Federal-aid highway program and the work-relief 
program for the defense-road projects. Many of these are under way. 
The recommendations for additional financing in this report provide 
for the immediately apparent proj ects which cannot otherwise be-
provided or which can only be partially financed. 

Many of the access roads' consist of groups of projects in vitally 
important areas, such as the Norfolk area, and will require at best a 
substantial time period to complete. Early consideration of this 
report and provision for carrying the recommendations into effect 
will contribute greatly to the elimination of serious traffic congestion 
Iiow handicapping the defense operations in these areas. 

Respectfully submitted. 
THOS. H. MACDONALD, 

Commissioner of Public Roads. 
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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 Commission to the Council of 
National Defense. All highways which serve the business of the 
public have a corresponding degree of utility in the national defense, 
but the intensive specialized operations characteristic of the present 
concentration upon training men, producing ships, planes, equipment, 
ordnance of all kinds and munitions, and the building of defense bases, 
generate localized highway traffic of large and growing magnitudes. 

These are new or greatly expanded highway transport services that 
must be provided for first and quickly. 

This report recognizes the continuing, serious highway problems 
generated by 32,000,000 motor vehicles now in use. The first impor-
tant trend of the defense program has been to concentrate large numbers 
of these vehicles in relatively small areas, many removed from well 
developed local and main roads, without materially diminishing the 
volume of traffic already existing on the improved rural roads and 
city streets. Eveil should future conditions conceivably result in 
limiting to a degree some of the present volume of highway use, the 
business of the Nation in the immediate future, including the speeding 
up of defense operations, is geared to the motor vehicle for local, 
short-haul transportation. Considering the utility of the highways 
and streets as a whole, exclusive of those specifically designated as 
defense highways, the normal maintenance operations and a program 
of replacements of worn-out and inadequate surfaces, perhaps below 
a normal construction program but none the less an irreducible mini-
mum, are essential. 

DEFENSE ROAD PROGRAMS DEFINED 

Comprehensive studies of the major objectives to be served deter-
mine that two general programs are necessary to provide needed high-
way facilities and to improve inadequate sections where these exist: 

First. The road program primarily required for defense opera-
t ions. 

Second. The road program required to improve inadequate 
sections of the strategic network. 

7 



8 HIGHWAYS FOR THE NATIONAL DEFENSE 

THE ROAD PROGRAM RE,UIRED FOR DEFENSE OPERATIONS 

The program for defense operations is made up of essential improve-
ments of the following classes of roads, all of an emergency character: 

Reservation roads.- These are the company streets and other roads 
within the Federal reservation areas of Army cantonments, depots, and 
bases, and the various shore establishments of the Navy. Their total 
usage is for defense purposes. 

Access roads.-These include numerous roads, each of short mileage, 
that are required to give local access from main highways, railroads 
and waterways, to Army and Navy reservations, and industrial plants 
engaged in the defense-production program. Also included are cer-
t ain roads and streets that connect with rail terminals and airports 
and that may be used to a considerable extent by traffic generated 
directly by the defense program, In many cases, the usage of this 
class of roads by normal civil traffic is small and the necessary improve-
men ts are required primarily by defense usage. 

Tactical roads.- These include certain small mileages of roads which 
o-ive access to more or less isolated points of strategic importance 
located generally along the coasts and borders of the country. They 
include also a larger mileage located near military reservations and 
in areas that may be chosen as the theater of tactical maneuvers. 
By reason of their location, they are likely to be used often for the 
practice training of our newly motorized and mechanized Army. 
Many of the roads of this class are little used by traffic of any kind, 
and are presently provided only with surfaces and structures consistent 
with such light usage. To prevent or repair damage by military 
movements in maneuvers and war games, substantial improvements 
will be needed, and must be charged almost wholly to defense. On 
other roads of the same category, which are more heavily used by 
civil traffic, the regular and frequent addition of military movements 
will necessitate improvement beyond the needs of the civil traffic . 
Such improvements also must be charged almost entirely to the defense 
program. 

THE PROGRAM FOR I MPROVEM E NT OF TH E STRATEGIC NETWORK 

The strategic network, shown in plate I,1 is a connected system of 
highway routes which have been designated by the War and Navy 
Departments as the routes of principal importance from the stand-
point of national defense. Broadly viewed, the network consists of a 
system of main trunk routes totaling approximately 74,600 miles, 
and auxiliary roads approximately paralleling the mam lines on each 
side, with cross connections at frequent intervals. 

The network includes routes joinmg all important centers of defense 
industry and all military and naval concentration points. Its main 
lines include the interregional highway system recommended by the 
Public Roads Administration in the report, Toll Roads and Free 
Roads; and with few exceptions the:.e main lines are included in the 
Federal-aid highway system. The auxiliary lines are made up in 
considerable part of State and local roads not included in the Federal-
aid system. 

1 Not printed. 
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HIGHWAYS FOR THE NATIONAL DEFENSE 9 
Since, in its main lines at least, the strategic network is heavily 

used by civil traffic, and since purely military traffic imposes few if 
any highway requirements superior to those required for the adequate 
accommodation of civil traffic, it follows that almost any improve-
ment that may be made to facilitate movement of traffic will be 
serviceable to an important civil-traffic stream as well as to military 
movements and defense traffic. 

Development of the strategic network to complete adequacy for 
both civil and defense traffic can only be regarded as a long-time 
operation, and a practically continuous undertaking. In some of its 
sections, however, it provides necessary access to reservations and 
defense industries. Other sections are likely to be used frequently 
in tactical maneuvers. The improvement of these sections and the 
elimination of a certain number of the more serious weaknesses, par-
ticularly the strengthening of a considerable number of substandard 
bridges, should be provided for as urgent necessities. Otherwise the 
improvement of the strategic network is not stamped with the defense 
urgency that distinguishes reservation and access roads and some 
tactical roads. 

ROAD IMPROVEMENTS REQUIRED 

Studies of the Public Roads Administration and the State highway 
departments and numerous conferences that have been held in which 
these agencies have participated with representatives of the War and 
Navy Departments and the Work Projects Administration, and local 
officials concerned, have determined the more important improve-
ment needs of the various classes of defense roads thus far developed 
by the expanding defense program. 

These needs are described briefly in the following sections relating 
to each class of roads: 

Reservation roads .-At most Army and Navy reservations, rapid 
preparations are in progress for the housing, provisioning, equipping, 
and training of greatly enlarged military and naval forces. This 
involves the construction of barracks, storehouses, equipment and 
ammunition depots, garages, airdromes, shops and powerhouses, drill 
and aviation landing fields, rifle ranges, and facilities of many other 
kinds. For proper internal access to all these varied facilities, the 
construction and improvement of many miles of reservation roads and 
streets is an immediate and absolute necessity. As the schedules set \ 
up by the War and Navy Departments call for occupation of the reser-
vations by fully expanded forces at a very early date, the building and 
improvement of these reservation roads must be regarded as the most 
urgent of all defense road construction. 

Reconnaissance surveys by the Public Roads Administration, made 
after consultation with the post commanders at military and naval 
reservations, indicate that there is need for the improvement or 
outright construction of 1,500 miles of road lying entirely within 
these Federal reservations. 

Provision is being made for many of these improvements in the 
contracts awarded by the War and Navy Departments for general 
construction within the reservations. These provisions are being sup-
plemented by aid rendered by the Work Projec~s Administration. 



10 IDGHWAYS FOR THE NATIONAL DEFENSE 

through Work Projects Administration pi:oj ects 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. 

It is assumed that any further provision that may be necessary to 
effect required improvements of roads of this class will be reported 
by the War and Navy Departments, which have exclusiv<.' jurisdiction. 
Therefore, no recommendations in this regard are made in this report. 

Ac~ess roads.-The required program of access road improvement is 
highly dynamic. Indicated needs are growing 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 occupied by very small 
populations. Many are being substantially enlarged. Practically all 
are being greatly expanded in population and in motor transport and 
mechanized equipment facilities. 

In the creation of new areas and the expansion of old ones, reserva-
tion. limits are being extended in many cases over existing roads and 
occasionally over important highways . Since it is usually desirable 
or necessary to exclude the public from the reservation areas, the inter-
cepted roads must generally be closed at the reservation limits. One 
of the first and, to the civil authorities of the States and their subdivi-
sions, one of the most urgent highway problems created by these 
reservation extensions, and similar industrial developments, is that 
of constructing new links around the reserved areas. Thus far no 
general provision has been made for payment of the cost of such essen-
tial restorations by the Federal Government. This, in the view of 
State and local governments, is an omission that leaves an unfair 
burden to be borne by them. 

From the standpoint of the national-defense effort, the objective 
fo access road construction is to provide adequate highway coIJ_nec-
tions for the reservations and industrial areas with nearby main high-
ways and railroads or other transportation services, and from neighbor-
ing towns and cities. From the standpoint of highway traffic, the 
developments planned at nearly all of the reservations and new indus-
trial sites will be equivalent in their generation of highway traffic to 
the creation of a considerable number of new cities of very substantial 
size. The resident population at many of the Army camps will range 
between 2,000 and 78,000. At the Glenn L. Marl.in Co. plant near 
Baltimore, Md., to name a single industrial example, the number of 
workers engaged in t.he production of airplanes is expected to increase 
in a short time to 38,000 from the present employment of 13,000, which 
represents in turn an increase from 1,750 in 1930. 

The reconnaissance surveys and conferences completed to date 
indicate a present need for the improvement of 2,830 miles of access 
roads to serve the 192 reservations thus far designated, 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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HIGHWAYS FOR THE NATIONAL DEFENSE 11 
Required improvements range from the resmfacing and widening 

of two-lane roads to the construction of multiple-lane highways and 
large bridges, all of which should be completed in 1 year or less, i! 
possible. 

Tactical, roads.-To a limited extent a considerable part of the high-
way mileage of the country, especially that part included in the 
strategic network, will be employed by the Army from time to time 
in tactical maneuvers to test and practice the use of its vast new 
motorized and mechanized equipment. In designing improvements 
for this "tactical" mileage, it will be necessary to take greater account 
of the probability of use by the maneuvering Army forces than in 
road designs generally. Tactical roads include: (1) A relatively 
small mileage of roads connecting with more or less isolated strategical 
points. Traffic on these roads will be almost exclusively military; 
(2) other roads in the immediate vicinity of milita:-y reservations, 
other than access roads and routes of the strategic network, which by 
reason of their proximity are. likely to be frequently used in tactical 
maneuvers of local range; and (3) roads of similar character in areas 
selected as theaters of war games-areas that may not be near estab-
lished reservations. 

Roads of the first and second groups, and their bridges, will have to 
be made adequate for the expected military use. They will have to 
be designed to support frequent loads of military vehicles and equip-
ment, with sufficient capacity to permit such frequent movements to 
occur without unreasonable interference with normal civil traffic. In 
respect to these first two groups of tactical roads, the urgency of 
improvement is substantially the same as that of access roads . 

Tactical roads of the third group may lie in areas used only once 
or repeatedly as the theater of maneuvers. For repeated use, it would 
appear desirable that they be fitted for their expected military use. 
·where only a single use is anticipated, or in any case where timely 
provision for strengthening of the weaker roads at Federal expense is 
not possible, there should be an alternative assumption of responsibility 
for any road damage that may be caused. 

It does not appear to be practicable, in any reasonably highway 
program, to strengthen all the lightly surfaced local roads in all are~ 
that might be used for battle practice. Moreover, even if it were 
practicable, such strengthening of all road surfaces would not be 
desirable from the standpoint of troop training. Actual battlefields 
cannot always be chosen in advance, and roads that are not of the 
best must sometime be encountered by armies in combat. Military 
commanders expect to find some roads inadequate and even virtually 
impassable, and they have trained engineer troops for the purpose of 
coping with just such situations. 

Observations during recent Army maneuvers in various parts of 
the country have indicated that, except for a few weak bridges and 
narrow surfaces, the main highways are reasonably adequate for Army 
transport. Some damage was reported, particularly in combat areas, 
to local roads improved with sand-clay, gravel, topsoil, and light 
bituminous surfaces, due chiefly to their use by trucks with tir.8 
chains and by large numbers of iron-shod cavalry horses. 

l 



12 IDGHWAYS 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 greater than would have resulted from an equally 

iiLJ.tensive use by civil traffic. 
Observations in the States of Washington, Wisconsin, New York, 

''Texas, and Louisiana showed that main highways already giving 
reasonably adequate service to substantial volumes of civil traffic 
were not damaged by military traffic. Addition of the military 
'traffic to the normal civil traffic on the highways caused some in- . 
convenience and delay to the latter, and on nan-ow surfaces some 
damage to road edges and shoulders resulted. 

County and town roads in combat areas suffered damage princi-
pally because they were of light construction not designed for the 
intensive use to which they were subjected during maneuvers. In 
,addition, three unusual features connected with the military use 
.contributed to the damage: (1) Use of tire chains by trucks; (2) use 
,of large numbers of iron-shod cavalry horses; and (3) maintenance 
,operations were either suspended entirely or were not as intensive as 
the greater use required. 

Damage was reported to dirt roads, gravel roads, and thin bitumi-
nous treatments on light bases, the latter suffering damage to both 
surfaces and bases. Failure of a few pipe and wooden culverts on 
county roads occurred in Wisconsin. In-Louisiana the cost of neces-
sary repairs was estimated at $68,000. In T exas the cost of repairing 
-extraordinary damages as reported by the State highway department 
was $140,000. 

The New York, Wisconsin, and Washington maneuvers were held 
in the summer when there was no extended period of rain, Even at 
the time of the spring maneuvers in Louisiana and Texas road sub-
grades were comparatively dry. It is probable that damage to light 
surfaces woul<l have been greater had the maneuYNS occurred in wet 
or thawing weather. , 

Plans of the War Department are not yet sufficiently rewaled to 
determine the mileage of roads that will be S'Jbjectecl to tactical uses; 
but the obligation of the Federal Government to make ad<'<Juatc pro-
vision for necessary improvements of roads thus regularly used and 
for the repair of damage caused by similar occasional uses is apparrnt. 

The strategic network.-The condition of the main lines of the 
strategic network in rural areas has been surveyed in detail by the 
Public Roads Administration and the State highway departments, 
:and the results of these surveys have been recorded on sectional 
,graphs, of which a typical example is presented in plate 5. 1 

On the basis of these surveys and the design requirements for ade-
quate accommodation of both civil and defense traffic on each section 
of the network, it has been determined that the most critical deficien-
cies of the rural sections of the network consist of 2,436 bridges of 
1oad capacity inferior to the H - 15 loading standard, which is a mini-
mum requirement from both civil and defense standpoints. There 
are also on the network in rural areas approximately 5,090 miles of 
road with present surfaces less than 18 feet wide, and approximately 
14,000 miles on which the existing surface is incapable of supporting 
in all weather, vehicles of 9,000 pounds wheel load, equipped with low-
pressure pneumatic tires. 

• No:t printed, 

T he: 
and th 
able c, 
apprm 

Less 
numbe 
numbe 
mµ~ag, 
mm1m1 
accomi 
conditi 
general 
vehicle 

Deta 
Tori 

for safe 
vide fu 
the ma 
and foi 
con tint 
for a p( 

ADDITI< 

As e: 
present 
Project 
to the c 
the corr 
road oft 
legal n 
-effected 
reqmre 
saving, 
nowavi 
requirec 

After 
additior 
immedii 
ment of 

Acces, 
Admini~ 
:and nav 
be avail 
vicinity 
,certified 
major d, 
cost of 
highway 
industru 

Tactic 
used for 



,cts as 
was in 
qually 

1:7" o_rk, 
grvmg 
traffic 
ilitary 
'.le in-
some 

H'lilCl-
,r the 

In 
v use 
'.) use 
1ance 
ve as 

tumi-
both 

ts on 
eces-
Liring 
ment 

held 
~n at 
sub-
light 
. wet 

·<l to 
,ises; 
pro-
and 
'ent. 
the 
the 

\nts, 
onal 

ade-
l;ion 
:ien-
s of 
1ini-
~ere 
s of 
tely 
ting 
OW-

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 accept-
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 vertical 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 traffic volume; a common 
condition of excessive curvature and inadequate sight distance; and a 
general lack of shoulders of sufficient width to accommodate standing 
vehicles without obstructions of moving traffic. 

D etails of the deficiencies here briefly stated are given in appendix V. 
To raise the entire rural network to the standard eventually desirable 

for safe and convenient use by both civil and military traffic, and pro-
vide further for the expensive improvements required on portions of 
the main lines of the network within the corporate limits of cities, 
and for essential improvements of auxiliary lines, would require a 
continuing expenditure as large as the minimum previously indicated 
for a period of several years. 

ADDITIONAL PROVISIONS IMMEDIATELY REQUIRED FOR DEFENSE ROAD 
IMPROVEMENTS 

As explained in detail in appendixes I and II, there are means 
presently available to the Public Roads Administration and the Work 
Projects Administration, which are being applied as fully as possible 
to the correction of the most ·serious deficiencies of defense roads, with 
the commendable cooperation of State highway departments and local 
road officials. However, because of inherent financial difficulties and 
legal restrictions, only a part of the needed improvement can be 
-effected by these means. Many of the larger and most vital projects 
require contractors' organizations and extensive equipment for time-
-saving, efficient construction; and it is abundantly clear that the funds 
now available will be inadequate to effect all of even the most urgently 
required construction. 

After a thorough canvass of the entire situation, the following 
additional pr~visions by the Federal Government are recommended as 
immediately required to permit a reasonably satisfar.tory accomplish-
ment of the most urgent improvemen~s of the several classes of roads. 

Access roads.-There should be appropriated to the Public Roads 
Administration not less than $150,000,000 for access roads to military 
and naval reservations and defense-industry sites. This sum should 
be available to pay all costs, including right-of-way, of roads in the 
vicinity of reservations and industrial sites when such roads are 
-certified to the F ederal Works Agency as essential by appropriate 
major defense agencies. It should also be made available to pay the 
cost of constructing new sections of highways, replacing existing 
highway connections broken by necessary closures at reservations 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 Army, and for the reimbursement of the out-of-
pocket costs of States and local governments for repairs necessitated by 
the occasional use of roads for the same purposes. 

Strategic network.-To provide for the replacement of substandard 
bridges and the correction of other critical deficiencies of the strategic 
network at a desirable rate, a supplementary appropriation of not 
less than $100,000,000 is required. This appropriation should be 
prorated to the States on the existing Federal-aid basis, and used 
solely for designated defense projects. It should be available to pay 
all legitimate 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 advanced planning.- For the making of engineering 
surveys and plans for development of the strategic network, including 
the extensions of the system into and through municipalities and 
metropolitan areas, an appropriation of $12,000,000 is required, to 
be prorated to the States and matched by them on the existing Federal-
aid basis. 

Supplementary legislation needed.-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 brid~es 
on auxiliary lines of the network eligible for improvement with 
Federal-aid secondary road funds; and (3) permit the use of Federal-
aid funds in payment of part of the cost of acquiring necessary 

, rights-of-way and attendant proper ty damage. 

.. 

EXIS'l 

Fo: 
Fedei 
gener 

1. 
been 
of ro 
fener 
egisl: 

reser, 
2. 
(a) 

F ede1 
entin 
and E 
ment: 
natio 
Work 
War, 
agenc 

(b) 
with 

· sionei 
the c 
priatc 

3. 
theC 
of the 
Secre 
not t< 
suppl 
other 
natur 
restri 
vario1 
the st 
expen 

Ea( 
Govei 
free u 
on ro: 



1t-of-
ed by 

Ldard 
,tegic 
' not 
d be 
used 
' pay 
is of 
:-wISe 
tway 

mng 
ding 
and 

I, to 
eral-

nent 
:l be 
any 
~ig-
:l~es 
~th 
,ral-
,ary 

APPENDIXES 

APPENDIX I 
EXISTING PROVISIONS FOR DEFENSE ROAD IMPROVEMENT . BY THE 

~EDERAL 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 appropriations 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 Projects is authorized in his administration 
of the act to use, on projects certified by the Secretary 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 authorized for expenditure to meet. 
other than labor costs . This provision extends to proj ects of any 
nature that are certified by the defense officials named, and is not 
restricted to projects for the improvement of highways. With 
various amounts allotted to other classes of proj ects, only a part of 
the sum authorized for exceptional expenditure would be available for 
expenditure on defense-highway proj ects. 

Each of the three special provisions thus far made by the F ederal 
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 oefense. 

\5 
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As previously stated, the appropriations to the War and Navy 
D epartments 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 author~ed for improvements on the Federal-aid 
highway system; (2) funds authorized for the construction of second-
ary or feeder roads; and (3) f~ds authorized for the elimination of 
hazards at railroad grade crossmgs. 

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 initiation 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. Construction 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 is available for the pur-
chase of right-of-way. Moreover each of the funds, insofar as they 
are expended for construction, is limited in application to legally speci-
fied purposes- the Federal-aid funds to roads included in the F ederal-
aid system, the secondary-road funds to roads that can reasonably be 
described as secondary or feeder roads, and the grade-crossing funds 
to the elimination or protection of railroad grade crossings. 

As already stated, the authority given by the Emergency Relief 
Appropriation Act to the Commissioner of Work Projects to use not 
to exceed $25,000,000 of the relief appropriation in payment of other 
than labor costs on projects important to the national defense is prac-
tically available only in part for defense-road µ,roj<'cts . Its use must 
always be modified by a reasonable regard for the primary purpose of 
the appropriation, which is to provide work relief for as many as pos-
sible of the unemployed. It cannot be used at all in any urea except 
as the relief rolls afford an available supply of labor. Nor can it be 
used for any purpose except as that purpose is sponsored by some 
qualified and acceptable agency. Projects for road improvement 
within Army and Navy reservations may be sponsored by military 
and naval authorities. Improvements required outside such reserva-
tions must generally b~ sponsored by the civil authorities of State or 
local governments. In these authorities there is thus lodged a power 
of initiative somewhat similar to that possessed by State authorities 
under the Federal highway legislation. 

APPENDIX II 
MEASURE S FOR THE IMPROVEMENT OF DEFENSE ROADS 

Various measures have been devised to apply the provisions thus far 
made by the Federal Government for the improvement of roads 
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important to the national defense. These are now being employed 
for the several classes of roads, as follows: 

Reservation roads.~Provision for the construction or improvement 
of roads and streets within Army and Navy reservations is being made 
in contracts awarded by the War and Navy Departments and financed 
by appropriations available for expenditure by these D epartments. 
Other improvements within reservation limits are being provided 
through the medium of Work Projects Administration projects 
sponsored by the War and Navy Departments. For payment of the 
engineering costs of surveys, plans, specifications, estimates, and 
supervision of construction of such intrareservation roads, the Federal-
aid funds apportioned to the respective States are available with the 
consent of the State highway departments. These funds are being 
used in some instances for work of this character which the State 
highway departments have heen able to undertake. Whether the 
provisions made and measures devised for improvement of roads and 
streets within the military and naval reservations are entirely adequate 
is a question for determination by the War and Navy Departments. 

Access road.<:.-Early in 1940 the War Department indicated a 
number of Army posts and reservations of several sorts. It requested 
the Public Roads Administration, in cooperation with the post ~om-
manders, to make preliminary studies of the condition and desirable 
improvement of all roads essential for adequate access to the posts 
indicated. From time to time the number of posts thus indicated was 
increased. Somewhat lat<'r the Navy D epartment made similar re-
quests with respect to certain of its shore establishments. 

Up to the date of this report such reconnaissance studies had been 
completed by district engineers of the Public Roads Administration 
in conference with the respective post commanders or commandants 
for 140 reservations. The report on each reservation specifies 
approximately the access-road improvements desirable with estimates 
of their cost. It is accompanied by a map of the reservation and 
vicinity scaled 2 inches to the mile, showing all existing roads in the 
area and all improvements recommended in the report. 

A majority of the reconnaissance studies were made prior to the 
passage of the selective-service and National Guard mobilization acts. 
Some of the conditions originally assumed have therefore been altered, 
and the improvements recommended in the reports are now subject 
to revision. 

In the Emergency Relief Appropriation Act, fiscal year 1941, and 
in the Federal Highway Act of 1940 similar conditions were laid 
down to govern ap~lication of the exceptional provisions made by 
each of the acts with reference to national-defense projects; viz, 
formal certification or recommendation of the projects as important 
to the national defense by appropriate defense agencies. 

In conformity with these provisions of the two acts, the Secretary 
of War bas from time to time certified the military importance of 
projects for the construction or improvement of access roads leading 
to 157 military posts, stations, and concentration areas. These 
reservations, included in identical priority lists furnished separately 

' l , 
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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. I. (headquarters). 
Harbor defonses of Ports111outh, 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) , Conn. 

Second Corps Area: 
Fort Dix, N. J. 
Fort Hancock, N. J. 
Pine Camp, N. Y. 
Fort Monmouth, N . J. 
Pica tinny 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 Cumberland General Depot, Pa. 
N ansemond 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 Area: 
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, S. C. 
Fort Benning, Ga. 
Southeast Air Depot, Ala. 
Air Corps station at Savannah Municipal Airport, Ga. 
Fort Barrancas, Fla. 
Maxwell Field, Ala. 
MacDill Field, Fla. 
Fort Moultrie, S. C. 
Barksdale Field, La. 
Key West Barrac~s, Fla. 
Fort McPherson, Ga. 
Fort Oglethorpe, Ga. 
Toccoa National Guard Reservation, Ga. 
Augusta Arsenal, Ga. 
Camp Savannah antiaircraft firing area, Ga. 
Dale Mabry Field, Fla. 
Municipal Airport, Jackson, Miss. 
Macon replacement center, Ga. 
Spartanburg replacement center, S. C. 
Macon Airport, Macon, Ga. 
Augusta Airport, Augusta, Ga. 
General depot near Conley, Ga. 
Selma Airport, Selma, Ala. 
Wilmington antiaircraft firing center, N. C. 
Municipal Airport, Charlotte, N. C. 
Army General Hospital, Ch!l,rleston, S. C. 
Atlanta General Hospital, Chamblee, Ga. 

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

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

19 
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Sixth Corps Area- Continued. 
Scott Field, Ill. 
Fort Sheridan, Ill. 
Camp Grant, Ill. 
Selfridge Field, Mich. 
Rock Island Arsenal, Ill. 

Seventh Corps Area: 
Seventh Corps Area training center, Rolla, Mo. 
Camp J. 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, Iowa. 
Fort Robinson, Nebr. 
Camp Ripley, Minn. 
Arcadia target range, Missouri 
Camp Dodge, Iowa. 
Camp Ashland, Nebr. 
Camp Rapids, S. Dak. 
Camp Grafton, N. Dak. 
Fort Lincoln, N. Dak. 
Fort Francis E. Warren, Wyo. 

Eighth Corps Area: 
Brownwood, Tex. 
Fort Crockett, T ex. 
San Angelo, Tex. 
Fort Sam Houston, Tex. 
Abilene, T ex. 
Fort Bliss, Tex. 
Camp Hulen, Tex. 
Lowry Field , Colo. 
Fort Sill, Okla. 
Fort Huachuca, Ariz. 
Fort Logan, Colo. 
Fort Russell, Tex. 
Wingate Ordnance Depot, N. Mex, 
Fitzsimons General Hospital, Colorado 
Fort Clark, T ex. 
Brooks Field, T ex. 
Duncan Field , Tex. 
Kelly Field, Tex. 
Randolph Field, Tex. 
Normoyle Quartermaster Depot, Tex. 
Fort Hitchcock, Tex. 

Ninth Corps Area: 
Camp Ord, Calif. 
Hearst 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. 
Benicia Arsenal, Calif. 
San Luis Obispo National Guard Camp, Calif. 
Ogden Ordnance Depot, Utah. 
Forts Worden, Casey, and Flagler, Wash. 
Sacramento Air Depot, Calif. 
Fort MacArthur, Calif. 
Fort Rosecrans, Calif. 
~furoc bombing base, Calif. 
Fort Baker, Calif. 
Fort Barry, Calif. 
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Fort Stevens, Fort Canby, Fort Columbia, and Camp Clatsop, 
Oreg.-Wash. 

Mojave Desert antiaircraft range, Calif. 
Fort Douglas, Utah. 
1foffett Field, Calif. 
Hamilton Field, Calif . 
Fort Funston, Calif. 
Columbia Municipal Airport, Portland, Oreg. 
Fresno (Airport), Calif. 
Boise Municipal Airport, Idaho. 

Following submission of the lists of posts and stations to the two 
branch('S of th(' Federal Works Agency, the War Department, on 
NoYembrr 2, 1940, instructed its several corps area commanders to 
arrange local conferences to consider the access-road necessities of 
each of the listed posts and stations. At each conference, the corps 
area commanders were instructed to arrange for representation of 
the corps area, the post or posts in question, the Public Roads Ad-
ministration, the Work Projects Administration, and the State 
highway department, and county or city administrations if local 
roads or streets are involved. These conferences arc now being 
completed as rapidly as possible. 

By a similar process the Secretary of the Navy has certified the 
importance of access-road improvements, and arranged for the calling 
of like conferences to consider the detailed needs at the following 
35 shore establishments: 

First Na val District: 
Quonsett Point Air Base, R. I. 
Portsmouth Navy Yard, N. H. 
Newport Naval Stations, R. I. 

Third Naval District: 
Lake Denmark Arsenal, N. J. 
Iona Island Ammunition Depot, N. Y. 
New London, Naval Station, Conn. 

Fourth 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 Na val District : 
Parris Island Marine Base, S . C. 
H ilton H ead Island Marine Base, S. C. 
Red Bank Landing Munition D epot, S. C. 
Macon Ordnance Plant, Ga. 

Seventh.Naval District : 
Yukon Air Base, Fla. 
Cocoa Air Base, Fla. 

Eighth Naval District : 
P ensacola Air Base, Fla. 
Corpus Christi Air B ase, T ex. 
D allas Air Station, T ex. 

Ninth Naval District : , 
Burns City Ammunition D epot, Ind . 
Canton Ordnance Plant, Ohio . 
Louisville Ordnance Plant, K y . 
D etroit Naval Ordnance Plant, Mich. 
Indianapolis Ordnance Plant, Ind. 

E leventh Naval D istrict : 
San Diego Operating Base, Calif. 
Terminal Island Operating Base, Calif. 
San D iego Ammunit ion D epot, Calif. 

Twelfth Naval District: Alameda Air Base, Calif. 
Thirteenth Na val District: 

Seattle Air Station, Wash. 
Tongue Point Air Station, Oreg. 
Indian Island Ammunition Depot, Wash. 
Puget Sound Naval Stations, Wash. 

Finally, and more recently, a similar conference procedure has been 
adopted for various new and expanded industrial plants essential to 
the defense program. At thrse defense industry conferences, the 
factory managers or othN authorized reprrsentatives outline the 
access-road requirrmrnts of the plants . To the date of this report, 
the Advisory Commission to the Council of National Defense has 
advised the Public Roads Administration that the following 55 plants 
or plant expansions arc of importance to the national defense: 

Alabama Ordnance Works, Childersburg, Ala. 
Coosa Ordnance Plant, Childersburg, Ala. 
Gadsden Ordnance Plant, Gadsdrn, Ala . 
North AmNican AYiation, Inc., Inglewood, Calif. 
Consolidated Aircraft Co. , San Diego, Calif. 
Denver Ordnance Plant, Denver, Colo. 
Bullard Co., Bridgeport, Conn. 
Studebaker Corporation, Chicago, Ill. 
Western Cartridge Co., East Alton, Ill . 
Buick Motor Co. Aircraft Engine Plant, M elrose Park, Ill . 
K ankakee Ordnance Works, Wilmington, Ill. 
Elwood Ordnance Plant, Wilmington, Ill. 
D elco-Remy (division of General Motors), Anderson, Ind. 
Indiana Ordnance Works, Charlestown, Ind. 
Hoosier Ordnance Plant , Charlestown, Ind. 
Studebaker Corporation, Fort Wayne, ndl. 
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Jefferson Proving Ground, Madison, Ind. 
Studebaker Corporation, South Bend, Ind. 
Kingsbury Ordnance Plant, Union Center, Ind. 
Iowa Ordnance Plant, Burlington, Iowa. 
Ohio River Ordnance Works, Henderson, Ky. 
Glenn Martin Airplane Co., Baltimore, Md. 
Fairchild Aircraft Plant, Hagerstown, Md. 
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General Electric Co., Turbo-Electric Supercharger Plant, 
Everett, Mass. 

Bohn Aluminum & Brass Corporation, Adrian, Mich. 
Detroit Ordnance Plant, Center Line, Mich. 
Bohn Aluminum & Brass Corporation, Detroit, Mich. 
Vickers, Inc., Detroit, Mich. 
N. A. Woodworth Co., Ferndale, Mich. 
Lake City Ordnance Plant, Independence, Mo. 
McDonnell Aircraft Corporation, Robertson, Mo. 
St. Louis Ordnance Plant, St. Louis, Mo. 
Weldon Springs Ordnance Works, Weldon Springs, Mo. 
Bomber Assemhly Plant, Fort Crook, Nebr. 
Otis Elevator Co., Harrison, N. J. 
Wright Aeronautical Corporation, Paterson, N. J. 
Link Aviation Devices, Inc., Binghamton, N. Y. 
Standard Gage Co., Poughkeepsie, N. Y. 
Savage Arms Co., Utica, N. Y. 
Ohio Crankshaft, Inc., Cleveland, Ohio 
Thompson Aircraft Products Co., Euclid, Ohio 
Wright Aeronautical Corporation, Lockland, Ohio 
Ravenna Ordnance Plant, Ravenna, Ohio 
Plum Brook Ordnance Works, Sandusky, Ohio 
Bomber Assembly Plant, Tulsa, Okla. 
Lycoming Motors, Williamsport, Pa. 
Wolf Creek Ordnance Plant, Milan , T enn. 
Bayto~n Ordnance ,v orks, Baytown, Tex. 
North American Aviation, Inc., Dallas, Tex. 
Bomber Assembly Plant, Fort Worth, Tex. 
Bryant Chucking Grinder Co., Springfield, Vt. 
Jones & Lamson Machine Co., Springfield, Vt. 
New River Ordnance Plant, Dublin, Va. 
Radford Ordnance Works, Radford, Va. 
Morgantown Ordnancr ,vorks, Morgantown, W. Va. 

In some cases more than one reservation, military or naval or both, 
and possibly also one or more industrial plants arc located in close 
proximity. An outstanding instance of this sort is the group of 
military and naval reservations and defense industries in the Hamp-
ton Roads area in Virginia. In this vital defense area, including the 
cities of Norfolk, Portsmouth, and Newport News, the following 
important reservations and industries are closely grouped: Fort 
Story, Norfolk naval base, Norfolk Navy Yard, Nansemond ord-
nance depot, Langley Field, Fort Eustis, Fort Monroe, and the 
Newport News shipbuilding plant. 

A similar case is the San Diego, Calif., area in which are locatQd 
Fort Rosecrans, United States naval training station, United Sta~es 
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Marine Corps base, United States destroyer base, Army and Marine 
cantonments, three airplane plants, and housing projects for military 
personnel and for aircraft employees. 

In such cases as these, arrangements are being made to consider 
jointly the access-road necessities of all reservations an<l industries 
within the defined areas. 

At all conferences, regardless of the type of establishments under 
consideration, effort is being made to reach definite decisions in respect 
to: (1) The location, general character, and approximate costs of the 
access-road improvements and other road changes that are necessary 
and the order of each in priority of need; (2) the money available for 
such improvements from each of the several classes of Federal funds, 
and the State or local funds available to match the Federal funds 
where such matching is required; (3) the amounts of State or local 
funds available for expenditure witho,ut Federal matching; and (4) the 
particular project application of all available funds. Such decisions 
arc faci li tated in most areas by the reconnaissance studies of the 
Public Roads Administration. 

T o the extent that funds are found to be available, arrangements 
are made at the conferencf's for the initiation of Federal-aid or W. P.A. 
projects by State or local authorities. Such projects may cover the 
survey and planning of improvements, or their construction, or both. 

Generally, it is found that the State highway departments are 
willing to agree to the use of the apportioned Federal-aid funds for the 
survey and planning of the necessary improvements. These funds are 
available for such purposes, unmatched with State funds . Wherever 
there is reasonable assurance that plans thus developed by the State 
highway departments and approved by the Public Roads Adminis-
tration will be carried out, the Public Roads Administration has indi-
cated that it will approve the necessary survey projects to be initiated 
by the State highway department. The Work Projects Administra-
tion also has indicated its willingness to approve Work Projects Ad-
ministration survey projects in areas where the availability of qualified 
relief personnel ond other conditions permit. ' 

In respect to the actual construction of needed improvements, con-
f ercnccs thus far held indicate that the effort to apply each of the 
several classes of Federal funds now provided will encounter serious 
obstacles. 

Many of the roads involved are not now mcluded in the Federal-aid 
highway system and are not of such character as to make them eligible 
for inclusion in that system. For the construction of such roads, the 
apportioned Federal-aid highway funds are, therefore, not available. 

In many cases, these roads outside the Federal-aid system can be 
considered secondary or feeder roads only by a very liberal interpreta-
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. A. projects will to an extent ~upply the inducement 
necessary for obtainment of State and local cooperation in access-road 
improvement. These reductions are permissible under the authority 
conferred by the 1941 Emergency R elief Appropriation Act. How-
ever , the limit imposed on the use of this authority to make reductions 
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will definitely circumscribe 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 special measures have yet been devised for the 
improvement of tactical 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 vicinity 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. It is also indicated that there will be 
frequent maneuvering 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 con-
dition, they are scarcely adequate for the public traffic they are re-
quired to serve during the summer season. However, no definite 
provision has been made to deal with the road problem on the cape. 
Nor has it yet been possible to ascertain the scope of the similar 
problems elsewhere, and no procedures have been developed for 
dealing with these problems. 

Strategic network.-By formal certification, the Secretaries of War 
and of the Navy have '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 F ederal Works 
Administration to invoke for such projects the exceptional provisions 
of the Federal Highway Act of 1940 and the Emergency Relief Ap-
propriation Act, fiscal year 1941, that apply to projects of importance 
to national defense. Measures are being taken to give effect to these 
provisions to the fullest practicable extent. 

Almost completely, the main lines of the network coincide in their 
general direction with the roads-generally the most important 
roads-included in the Federal-aid and State highway systems. In 
view of this duality of interest, the Public Roads Administration has 
reqnested the State highway departments to include in their programs 
for the expenditure of currently available Federal-aid funds as many 
projects as possible on roads conforming to the strategic network. It 
is exfected that this request will meet with the sympathetic response 
of al State agencies. 

The Work Projects Administration has instructed its State adminis-
trators to give priority to defense-highway projects in their programs 
and to expedite construction in every possible way. It has informed 
these administrators of the studies of necessary improvements on the 
strategic network made by the Public Roads Administration and the 
State highway departments. It has also instructed them to obtain 
advice from the district engineers of the Public Roads Administration 
concerning desirable proj ects 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 Federal-aid and emergency 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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APPENDIX III 
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 minimum requirements have the 
endorsement of the War Plans D ivision of the General Staff. The 
design requirements as to structural capacity of bridges and standard 
pavements which have been applied to Federal-aid proj ects are 
consistent with the minimum requirements approved by the War 
Plans Division. Through the years there have been frequent criti-
cisms that the Federal-aid policies required unnecessarily high 
standards. An adequately improved road system for a State or a 
nation is the product of long years of construction effort and the 
expenditure of vast sums. Now suddenly confronted with a great 
national emergency, every really adequate bridge or mile of paved 
road is an asset of greater value than its cost in terms of national 
security. This report indicates a considerable volume of work of an 
emergency character. It is relatively small when account is taken 
of the large number of Army and Navy reservations for many pur-
poses, the huge production programs, new housing developments, 
and the 74,600 miles of the strategic network. For example, of the 
16,692, bridges on rural sections of the strategic network, only 2,436 
are listed as substandard in their capacity to carry the heaviest equip-
ment and ordnance yet proposed. 

The recommended design standards for military usage are discussed 
in detail 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 clesirable, and determining the 
character and costs of such improvements. Roads and bridges 
conforming in their design to these standar,ds 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 conforming to the recently revised 
standard H- 15 live loading recommended by the American Association 
of State Highway Officials. This design loading consists of a standard 
truck having a total weight with load of 15 tons, or of lane loads 
equivalent to the truck train loading included in the 1935 specifica-
tions of the American Association of State Highway Officials. 

The manner in which these truck and lane loadings are to be applied 
in the design of structures is specified as follows: 

The lane loadings or standard trucks shall be assumed to occupy 
traffic lanes, each having a width of 10 feet corresponding to the stand-
ard truck clearance width. Within the curb-to-curb width of the 
roadway, the traffic lanes shall be assumed to occupy any position 
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which will produce the maxnnum stress, but which will not involve 
overlapping of adjacent 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 8.1 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 a 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 simultaneously, the following percentages 
of the resultant live-load stresses shall be used in view of improbable 
coincident maximum loading: 

Percent 
1 or 2 lanes ______________________ - - - - - - _ - _________________________ __ 100 
3lanes __ _______ ____ _____________ ________________________________ ___ 90 
4 lanes or more __________ ______ _ - - - - -- - - - - - - - - - - - -- -- __ __ - _ _ _ _ _ _ __ _ __ 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 areas 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 10.1 

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

1 Not printed. 
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of the specific classes of tanks diagrammed in Plate 10,1 on standard 
H - 15 bridges of width equal to two or more traffic lanes: 

Light (13}~ ton) tanks.-Simultaneous loading of two lanes with 
these tanks does not produce greater than allowable str esses. 

M edium (20 and 25 ton) tanks.-If the movement is controlled so 
that there will be no more than a single fi le of such tanks following 
approximately the center line of the bridge and spaced at least 40 
feet apart, no greater than allowable overstresses will result . There 
will be no necessity to limit the speed of the tanks. 

Hemry (55 ton) tanks.-Such tanks will be safely supported if the 
movement is controlled so that there will be no more than a single 
file following approximately the center line of the bridge, with sepa-
rating intervals of not less than 50 feet, and with speed (on the bridge) 
reduced to not more than 4 miles P,er hour. 

Horizontal clearance.-Existing bridges and underpasses on two-lane 
roads having a horizontal clearance of less than 18 feet should be 
replaced or widrTJ.cd as promptly as possible. 

New and widenPd bridges on two-lan c- roads should have at least the 
minimum, and if feasible, the preferred horizontal clearances indicated 
in the following schedule of widths corresponding to various classes of 
present average 24-hour traffic volume: 

Present a vcrage 24-hour traffic volume 

Number of vchirlcs: Less than 600 ___ ______ __ _____ ___ ________ _________ ______ _______ ______ _______ _ 
600 to 1,800 __ __ ___________________ _________ _____ _______ _________________ • __ -· 
More than 1,800 _ .. · ·- · -· ··· ·- ·- ·····-···-···- · ·-·-··· -···-- · ·- ---·····---· -· 

Horizontal clearance of 
new or widened bridges 

Minimum Preferred 
feet feet 

24 
26 
28 

26 
28 
30 

T he minimum two-lane bridge clearances specified are subs:';antially 
adequate, and the preferred clearances completely adequate for civil 
traffic, including the usual small percentage of vehicles of width equal 
to and slightly exceeding 8 feet . They are similarly adequat,! for the 
accommodation of mobile military equipment, the maximum width of 
which (exclusive of the 25- and 55-ton tanks) is approximately 8}~ 
feet . 

E xisting two-lane bridges affording horizontal clearance of less than 
20 feet, if not widened, should be posted as narrow bridges. Existing 
bridges on three- and four-lane roads should be replaced or widened 
as promptly as possible if, in horizontal clearance, they afford less 
than 30 and 40 feet, respectively. 

N ew and widened bridges on three- and four-lane roads should have 
· horizontal clearances of at least 40 and 52 feet, respectively, and 
preferably horizontal clearances between extreme lateral curbs 6 feet 
greater than the width between the outer edges of an approach pave-
ment or pavements designed for 12-foot lanes. Bridges on 1-bne 
roads having a wide central dividing strip may be built as dual bridges, 
each bridge providing horizon tal clearance of at least 26 and preferably 
30 feet . 

N ew and widened underpasses on t wo-lane roads should have at 
l east the minimum, and if feasible the preferred, horizontal clearances 

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

Present average 24•hour traffic volume 

Number of vehicles: . 
Less than 600 ............................................................... . 
600 to 1,800 ....... •.... .. •.. .• · ..••..••..••... . . . ....... . ............... .. ... 
More than 1,800 ....•....... . ...•.. .•.............• ..............•........... 

Horir.ontal clearance of 
new or widened un• 
derpasses 

Minimum Preferred 
feet feet 

30 
30 
30 

40 
42 
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 designed 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 heightened bridges and underpasses should have vertical 
clearance of at least 14 , feet. A vertical clearance of 14 feet is suffi-
cient for the passage of all military equipment and substa.ntially al 
civil vehicles. 

Existing bridges and underpasses affording vertical clearance of less 
than 14 feet, if not heightened, should have their minimum clearance 
plainly posted upon them. 
Roads. 

Surfaces andfoundations.-All road surfaces should be dustless; and 
all surfaces and foundations should be designed in accordance with 
the present practice of each State for the all-weather support of re-
peated applications of 9,000-pound wheel loads on pneumatic tires, 
wheel load being defined as half the axle load where dual wheels are 
used. . 

Road surfaces designed in accordance with this recommende<l 
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 in use and projected. 

Two-lane pavement width.-Existing two-lane roads having a pave-
ment width of less than 18 feet , should he widened as promptly as 
possible. 

Newlv constructed 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: 

Present average 24•hour traffic volume 
Width of 
new or 

widened 
pavements 

Number or vehicles: Feet 
Less than 600....................................................... . ... .. .... ... . ........ 20 
600 to J,800.... ............. . ............... . ........................... ... ....... . . . ..... 22 
More than l,800.......... . ..... . ......................................................... 24 
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The widths specified are substantially adequate for all normal civil 
traffic, including the usual percentages of wide and heavv 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 pavernent u:idths.-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. 

Shoulder,'1.--On roads carrying a present average daily traffic of more· 
than 1,800 vehicles and on less 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 
desirable 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 bv 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 contmuous 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 construct 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. 

Gurvature.-It will be unnecessary to revise the curvature of any 
road otherwise adequate. 

On roads which it 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 is 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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TABULAR RECAPITULATION OF STANDARDS 

The standards previously defined and explained m detail are 
recapitulated in brief tabular form as follows: 

Bridges: 

Acceptable 
for existing 
structures 

Strength _____________________ .• .... •...... _ ...•. -··· __ .. _. __ . __ ..... H-15 
Vertical clearance, in feet_ · · ··-··-··-·-· · -··-·--·-- --·--········-· . 12~~ 

Horizontal clearance, in feet: 
Bridges on 2-lane roads : 

Present average, 24·hour traffic: 
Less than 600 . . . ·-·-·--··-·-·- -· -·-- · - - · · -· -· ·-·· · ·- -·-· 600 to 1,800 ..... . -- _. -· . ... ______ _ . ·-· . __ . -- . _ .. _ .. . .. _. _. 
More than 1,800_· ·-· · · ·-·- --·---· · --··-··· · ---··-·- -···· 

Bridges on 3•lane roads ..... ·- ··------ ··-··-··· ··· · ···--·-·-·-· ·· 
Bridges on 4•1ane roads._ . . ... -·· ··· ·-·--·-···-···--····-·-·-- · -
Underpasses on 2•lane roads: 

Present average, 24·hour traffic: 
Less than 600 __ . ... ___ -· .. _. __ _ -· · .. . __ .. .. ........ -· __ _ _ 
600 to 1,800. ___ ··· ·-··· -·····- ·-······-···· --·· ··---· _ ·--
More than 1,800 ___ _._··--·· ---··-·-· · ··· ·· ·-··--. -··-··-· 

Underpasses on 3•1ane roads· -·-· ·-· -··--·--· ···- ····· ··--- -·-· · 
Underpasses on 4•lane roads----·······-···- -----····----···--··· 

18 
18 
18 
27 
36 

18 
18 
18 
27 
36 

Desirable for new 
or reconstructed 

structures 

H-J.5 
14 

Mini-
mum Preferred 

24 26 
26 28 
28 30 
40 42 
52 (!) 

30 40 
30 42 
30 44 
42 56 
54 (1) 

1 Out•to-out pavement width plus 6 feet. 1 Out•to-out pavement width plus 20 feet. 

Surfaces and j oundations.- Dusiless 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 dual 
tires are used) : 

Acceptable for 
existing roads Desirable for new or widened roads 

Pavement width: 
2-lane roads: 

Present average 24-hour traffic : 
Less than 600-···············-·· 18 feeL . __________ 20 feet . 
600 to l ,800---·----···-········- · 18 feet_· ··-·······- 22 feet. 
More than 1,800 ...•. . --.•--····· 18 feet ............. 24 feet. 

3-lane roads--··-········-·-----·--······ Any existing ._ . . . . 36 feet . 
4-lane roads·-··-·-··········· · ··--·-·· · - .... _do···--··-· · --- 48 feet.I 

Shoulders: 
Present average 24-hour traffic Jess than 

1,800: 
Mountainous areas: 

Minimum Preferred 

Heavy grading ... ---·-·········· ·---· do·-····· · ····· 4 feet cont inuous.. 4 and 8 feet stag-

Other .... . . ... _.···--·--· ....... -·_._do-......... ··- ... __ do ...•.. ... . .. . 
Nonmountainous areas.···- ---- ·· · · ..... do ... .•..•.. _ ....... do_··· ········-

Present average 24•hour traffic 1,800 and 
over: 

Mountainous areas: 
~~;;:-~~~'.~~~~:::::: ::::: ::::: : ::::~~::::::::::::: -4 ·an~0 s'.feiit.stag:-

gered. 
Nonmountainous areas .•. . •••.•... . ... .. do •.••.. . .. .. . . _, ... do . . .... . ... .. . 

gered . 
8 feet continuous. 

Do. 

Do. 
Do. 

Do. 

1 To be separated Into dual Janes, where practicable, by the use of a center dividing strip of tbe width 
and type recommended by the American Association of State Highway Officials. 
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Grades (over 500 feet long): 

Accepts ble for 
existing roads Desirable for new or widened roads 

Mountainous areas__ ____ _______________ Any existing ___ ___ 6 percent. 
Nonmountainous areas ______________________ do ____ ____ _____ 4 percent. 

Curvature : 
Mountainous areas: Heavy grading ___ _______ ________________ _ do_____________ 14 degrees. 

Other ____ _______ ____________ _____ ___ ___ __ do _____________ 6 degrees. 
Nonmountainous areas: 

P resent average daily traffic less _____ do _____________ 10 degrees. 
than 600. 

Present average daily traffic 600 and ____ _ do _____________ 4 degrees. 
over. 

STANDARDS APPLICABLE TO URBAN AREAS 

For the improvement of bridges and roads located in urban areas, 
the only items of the foregoing rural-area standards that are directly 
applicable are those for vertical clearance of bridges and underpasses 
and for the strength of paveme_nts. The only other feature of design 
for which it is practicable to prescribe a general urban-area standard 
is the load capacity of bridges, and for that feature the standard 
H-20 design loading of the American Association of State Highway 
Officials (see pls. 7 and 8) is recommended as more consistent with 
the greater frequency of application of extremely heavy gross loads 
to be expected generally in such areas. The horizontal clearance of 
bridges, width of pavements, gradients, and curvature in urban areas 
can be determined only after consideration of conditions peculiar to 
each location, and shoulders are not employed in urban street con-
struction. 

THE APPLICATION OF DESIGN STANDARDS 

. Some apprehension has been evidenced that the foregoing standards 
of design for roads and bridges might be arbitrarily enforced on all 
defense projects without reference to the particular conditions sur-
rounding each project undertaken as a defense facility. No such 
policy has been given consideration. It wo'uld be a very unintelligent 
approach to the solution of the many problems. For the purpose of 
securing a reasonable measure of the adequacy of the highways to 
serve the needs of the defense operations, it has been necessary to use 
an accepted yardstick. The actual planning of the individual projects 
is being, and will be, worked out in full cooperation with the State 
highway departments. The organized engineering and administra-
tive abilities of these organizations are essential to the success of the 
defense-highway programs and constitute the most important con-
tribution to the strengthening of the national security. 

A P P ENDIX IV 

GENESI S AND CHAR ACTE R OF THE STRATEGIC NETWORK 

The strategic network in its present form is not a haphazard or 
theoretical collection of lines on a map. Its 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 a:nd the defense needs in times of a national emergency. 
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The Federal Highway Act, approved November 9, 1921 .. provided 
as follows: 

SEc. 3. All powers and duties of the Council of National Defense under· t he act 
entitled "An act making appropriations for the support of t he Army for t.he fi scal 
year ending June 30, 1917, and for other purposes," approved August 29, 1916, 
in relation to highway or highway t ransport, are hereby transferred to the Secre-
tary of Agriculture, and the Council of National Defense is directed to turn over 
to the Secretary of Agriculture the equipment, material, supplies, papers, maps, 
and documents utilized in the exercise of such powers. The powers and duties 
,of agencies dealing with highways in the national parks or in military or naval 
reservations under the control of the United States Army or Navy, or with high-
ways used principally for military or naval purposes, shall not be taken over by 
the Secretary of Agriculture, but such highways shall remain under the control 
:and jurisdiction of such agencies. 

The Secretary of Agriculture placed the responsibility for the de-
tailed action required by this legislation upon the then Bureau of 
Public Roads, and the Bureau at once sought the advice of the War 
Department on the location and character of highways necessary to 
meet the military requirements of the national defense; first, with 
respect to those sections of highway which for military reasons it was 
desirable to include in the F ederal-aid system, and second, with respect 
to the standards of road and bridge design which military necessity 
might require. 

The War Department's findings on the first point took the form of 
the so-called "Pershing map" of 1922. This map indicated, for the 
first time, a system of national routes deemed by the responsible 
military authorities to be of special importance from the standpoint 
of national defense. 

Upon the second point, the War Department stated that military 
requirements would impose no standards for roads or bridges superior 
to those required to accommodate all classes of commercial traffic. 

In the designation and improvement of the Federal-aid highway 
system, the Public Roads Administration and the State highway 
departments have been guided by this advice, which was promptly 
given and whic11 has since been consistently supplemented by the 
military authorities. The routes indicated to be of military import-
ance have been included in the system designated for improvement 
with joint Federal and State funds. Policies regarding types and 
degrees of improvement have been shaped on the assumption that 
the forms of construction meeting normal peacetime requirements 
would generally suffice for any probable military or defense use. 
These policies, adopted within the findings and conclusions ofl the 
military authorities and carried into effect over a long period by the 
State and Federal highway improvement programs, impose certain 
reciprocal obligations upon those responsible for the design of all 
types of heavy equipment and ordnance proposed for movement over 
the highways and particularly over the bridges. 

When the first World War began in 1914, the motor vehicles in 
use in the United States numbered only 1,711,000; by 1925 this 
number had grown to the startling total of 19,937,000 units, and in 
1940 to the highest record of 31,800,000 registered units. The 
Federal-aid, and the major exclusively State-highway programs have 
developed sinrnltaneously 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 
immediately expected traffic. These two considerations have instead 
gener&lly forced the adoption of "stage construction" as a practical 
expedient. 

Under this policy, initial improvements have often been designed 
to meet only the imperative requirements of the realized traffic. 
More adequate improvements have been delayed by sheer necessity. 
Roads previously unimproved have been partially improved by grad-
ing and drainage, with surfacing deferred until a later date. Narrow 
surfaces have been built where it was definitely anticipated that 
later widening would be required. Initial thin surfaces have been 
constructed with the intention later of superimposing thicker or more 
durable surfaces. Existing weak and narrow bridges too costly to 
replace at once have been retained as long as possible, with safeguards 
to permit continued use without excessive hazard . And, finally, 
narrow rights-of-way, and grades and alinement known to be some-
what inadequate, have had to serve. 

All of these expedient measures were adopted so that available 
funds could be spread over a greater mileage and provide at least a 
reasonable degree of improvement on many sections of road that 
otherwise would have remained wholly unimproved for an indefinite 
period. As a result, the primary highway system was steadily, if 
madequately, improved over a period of about 15 years. By 1935, 
these most important roads presented no positive obstruction at any 
point to the normal flow of ordinary traffic. Conditions at many 
points, however, still imposed definite limitations on the convenience 
and safety of traffic. 

The end of the pioneer period of road improvement may be said 
to have been reached by 1935. Then, but not until then, it became 
possible to do far-sighted planning of the construction that will eventu-
ally be required to improve the entire system adequately and con-
sistently. 

Prior to that time, any appraisal of the adequacy of the main high-
way system for national defense, or for o:rdinary civil and commercial 
uses, would have revealed numerous weaknesses. The greatest of 
these would have been the entire lack of improvement on many 
sections. The superior necessity of initial improvement where no 
improvement whatever existed would have rendered largely imprac-
ticable any really effective attention to the many other weaknesses . 

This initial improvement bad been completed by 1935, but in con-
siderable part the other defects still remain. However, it is now 
possible, by careful and consistent planning, steadily to reduce the 
number of such defects, bring the entire network up to modern 
standards, and meet the needs .of a mature system of highway trans-
portation. This statement applies, of course, to the relation between 
highway conditions and the needs of all civil and commercial traffic. 
In view of present plans for a modern mechanized army, it is especially 
pertinent to the relation between the roads and their probable uses 
for the national defense. 

In 1935, in view of the considerable changes that had occurred 
since the preparation of the "Pershing map," the War Department 
reconsidered the network indicated on that map, and issued a revision. 
This revised map was then used by the Public Roa.ds Administration 
and the State highway departments as a guide in their subsequent 
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operations, until it was again revised under date of September 15, 
1939, by issuance of a new map entitled "Highway map showing main 
tra.ffic 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 surveys of the States, a study of the condition of existing 
roads conforming closely to the routes shown on this latest revision 
of the map. The feasibility and general adequacy of the indicated 
network also were carefully weighed, following which the Public 
Roads Administration prepared and submitted to the War Depart-
ment for its consideration a further revision of the map. 

With a few additional changes, this revised map was endorsed by 
the Secretary of War on November 20, 1940, as representing the 
principal routes of military importance. With further slight amend-
ments by the Navy Department, it is included as plate 1 1 in this 
report. It is still subject, however, to further amendment by the 
deletion or addition of routes and the revision of general directions, as 
studies still in progress show this to be advisable. · 

As viewed by the War and Navy Departments, this map is con-
sidered to represent a system of general routes. No precise definition 
is given of the location of roads comprising the routes between major 
"controlling points," which generally are large cities. In fact, in its 
broadest conception, the network consists not of a single road between 
each of the controlling points, but rather of a main line and approxi-
mately parallel auxiliary lines, with suitable connections between them 
at frequent intervals. The purposes of the auxiliary lines are: (1) To 
permit, if necessary, a division of traffic, especially military convoy 
movements, among at least three roads between any points, and (2) to 
provide alternate routes for use in case of obstruction of the main 
road by any cause. 

The main lines of the network, as now approved by the War and 
Navy Departments, include all sections of the interregional highway 
system recommended by the Public Roads Administration in the 
report, Toll Roads and Free Roads. With few exceptions they are also 
in close conformity with roads included in the Federal-aid highway 
system. 

While all of the routes designated are considered important to the 
national defense, an order of relative importance within the network 
is indicated by classification of the routes into first, second, and third 
priorities. The approximate extept of the main lines of the network is 
74,600 miles, composed of about 42,400 miles of first priority, 23,100 
miles of second priority, and 9,100 miles of third priority. 

APPENDIX 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 miles. 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 in the interregional system recommended by 
the Public Roads Administration. 

Conditions of bridges.-Included in the total mileage there are 
upwards of 18,000 bridges and underpasses more than 20 feet in 
length. In the larger rural portion the number of such structures is 
16,692, consisting of 15,813 bridges and 879 underpasses. 

The condition studies thus far made by the Public Roads Adminis-
tration and the State highway departments have been confined to the 
rural portion of the network. On this portion the more extreme 
deficiencies consist of 5,095 miles of surface less than 18 feet in width, 
approximately 14,000 miles of surface rated as incapable of supporting 
the frequent, year-round application of 9,000-pound wheel loads on 
low-pressure tires, and 2,436 bridges of load capacity inferior to the 
H-15 standard. 

In table 2, these 2,436 bridges have been grouped into rated-
capacity classes-rated capacity is the gross vehicle load for which a 
bridge is designed. This table also shows the average gross weight 
of the heaviest vehicles passing over the bridges of each capacity class 
with an average frequency of 1 a day, and indicates the large degree 
to which some of the structures are overloaded by normal civil traffic. 
This overloading is evidenced by the ratio of the gross weights of 
such vehicles to the respective rated capacities of the bridges, and 
varies all the way from gross loads only a fifth greater than the bridges 
in the 25,000- and 28,000-pound rated-capacity classes were designed 
to carry, to loads nearly 22 times as heavy as those for which the 
bridge in the 2,000-pound capacity class was designed. 
TABLE 2.-Bridges with a rated capacity under 30,000 pounds that are located on 

rural roads conform-ing to the main lines of the strategic network; their distribution 
by rated-capacity classes; and the average gross weight of the heaviest vehicles passing 
over those of each class with an average frequ ency of 1 a day 

Rated capacity of bridges 

1,000 poun;u 
2 •••••••.....••••.•••••••••••••••.•••• •. •• • •• •••••••••••••••• 
4 ...... ..................................................... . 
6 ••••••••••.•..• ·····················•· ·•·•···•••••••••• ••••• 
7 •••.••••..••..••••.•.•••......•......•..•.•. •••·••••••••••·• 
8 .•.. .. .....•.. ····•··•··••·•··•·••··•· .•. · ······••·········· 
9 .......... . . .. ·········· .................. . .......... ...... . 
10 ................... ···················· ···· ········ · · ..... . 
11. .................................... . ........ .. ........•.. 
12 .............................. ..... ...................... . . 
13 ....... ·•· .............. . .................... ·············· 
14 .... ...................................................... . 
15 .... ...................................................... . 
16 ....... ................................................... . 
17 .................................................... . ..... . 
18 ... ........ . . .. . ........ ··• .......................... .. ., .. 
19 ............ ......................... .. ................... . 
20 ........ ....................................... . . . -· ...... . 
21. ...... ........... ······· ...... .... .. . .................... . 
22 . . .. ......................... . .... ........................ . 
24 ...... . ................... ........... ....... ..... .. .... ... . 
25 ....... ................................................... . 
26 ....... ...... ................... •· ................. ....... . 
211.. .........••...•...•........................•....•••.•..•. 

• 
Number 

of 
bridges 

1 
9 

13 
2 
9 
7 

73 
6 

54 
62 

175 
62 

143 
5 

48 
8 

957 
3 

39 
663 

70 
7 

20 

Ratio of aver· 
Average gross 

weightofheav· 
iest daily 

~gross 
weig t ofhea v-
iest daily ve• 

vehicle bicle to rated 
capacity 

1,CIJ() pouruu 
43.5 21. 7 
29. 7 7. 4 
33.6 5.6 
28. 3 4.0 
30. 3 3. 8 
32.3 3. 6 
27.4 2. 7 
35. 3 3. 2 
32.5 2. 7 
34. 9 2. 7 
33.9 2. 4 
35.3 2. 4 
33.6 2. l 
21. 7 1.3 
37.1 2.1 
43. 0 2.3 
32.3 1. 6 
41. 5 2. 0 
36. 7 1. 7 
42.5 1.8 
29.4 1: 2 
42. 9 1. 7 
33.2 1. 2· ----w.::~ ::~~.~~.~~~::::::::::::::::::::::::::: ...... ~'.~. ··········as:ii. ············i:si 
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9 •••••.. 
10 ..... . 
11.. .. . . 
12.. ... . 
13.. ... . 
14.. ... . 
15.. ... . 
16.. ... . 
17.. ... . 
18 ..... . 
10 ..... . 
20 ..... . 
21.. •... 
22 ..... . 
23 ..... . 
24 ..... . 
25 ..... . 
26 . .• ... 
27 •.. ... 
28 ..... . 
29 ... .. . 
30 •.... • 
31.. ... . 
32 ..... . 
33 ..... . 
34 ..••.. 
35 ..•... 
36 .•••.. 
37 .••• . . 
38 ..•... 
39 ..... . 

'Nun 
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Less critical deficiencies than weak bridges and weak and narrow 
road surfaces consist of a substantial number of bridges and under-
passes of inadequate horizontal and vertical clearance and a consider-
able mileage of road graded and surfaced to widths less than those 
called for by the prescribed standards for the traffic they serve. 

On 2-lane sections of the rural network, the planning-survey 
inventories show 819 bridges and underpasses with horizontal clear-
ances less than 18 feet; on 3-lane sections, 46 with horizontal 
clearances less than 27 feet; and on 4-lane sections, 35 with hori-
zontal clearances less than 36 feet. This makes a total of 900 bridges 
and underpasses with horizontal clearances less than the acceptable 
minima for the respective road widths. 

Table 3 shows an accumulative numerical distribution of these and 
additional bridges and underpi;i,sses which have various horizontal 
clearances less than the 30-, 42-, and 54-foot widths recom:nended as 
desirable and preferable for structures on 2-, 3-, anJ 4-lane roads 
of the strategic network. This table indicates the large extent 

to which existing bridges and underpasses are inferior in horizontal 
clearance to tho standards recommended as desirable for new structures 
on the strategic network, and the smaller extent to which they fall 
below minimum acceptable standards. 

As for vertical clearance, the survey shows 133 bridges on the rural 
network on which less than the acceptable minimum of 12½ feet is 
provided. 

TABLE 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 less than 30 feet on 2-lane highways, 42 feet on 3-lane 
highways, and 54 feet on 4-lane highways 

Horizontal dearance (feet) 

Accumulated number 
and percent of struc-
tures on 2-lane high-
ways 

Accumulated number 
and percent of struc-
tures on 3-lane high-
ways 

Accumulated number 
and percent of struc-
tures on 4-lane high-
ways 

Number Percent Number Percent Number Perrent 

9______________________ __ __ ____ 2 0.015 IQ__ _________________ __________ 10 .075 
lL______ ______ _______ _________ 20 .15 
12__ __ ___________ ______________ 38 .28 
13___ ___________________ ______ _ 60 . 45 14___ _____________ ________ _____ 99 . 74 
15___ _____ ___ ___________ _______ 320 2.4 
16______ ____ _____ ___ _____ _____ _ 505 3.8 lL ___________________________ 819 ' 6.1 1 o. 3 ----- ---- --- ------------18___ ______________________ __ __ 1,766 13.2 
19________________ __ ___________ 3,064 23.0 

2 .6 ------------ ---------- -4 I. 2 1 0.3 20______ ____ _______ ____________ 6,369 47. 8 10 2. 9 8 1.8 2L____________________ _______ 7,081 53.1 
22________ __ _____ ___________ ___ 7,733 58.0 11 3.2 6 I. 8 

13 3. 7 8 2. 5 23 ____________________ ---- -- -- - 8,569 64. 2 
24_____ ________________________ 11,825 88. 7 

16 4. 6 9 2. 8 
40 11. 5 10 3.1 

25 ____ --- - - -- __ -- -- -- -- __ __ -- _ _ 12,130 90. 9 
26. ---------------------------- 12,508 93. 8 27___________________________ __ 12,865 96.5 
28________________ __ ___________ 13, 122 98. 4 
29_ ____________________________ 13,338 100.0 

44 12. 7 12 3. 7 
46 13. 3 13 4.0 
51 14. 7 13 4.0 
59 17. 0 13 4. 0 
67 19. 3 14 4. 3 

30__ ___________________________ (') ------------ 129 37. 2 23 7. 1 
31_ _____ ----- - --- -- -- -- -- - --- - - ------ --- --- ------------ 133 38.3 24 7. 4 
32 ____ --- ---- -- -- -- ------- ··- ___ ----- ------ ------- ----- 147 42.4 24 7. 4 
33 __________________________ __ _ ------------ ------------ 150 43. 2 26 8.0 
34 __ __ - -- - - - • - - -- -- •• -• - - -- - - - - - - - ·- - -- -- -- --- - - ---- - -- 196 56.5 33 10.2 
35 _____________________________ ------------ ------------ 219 63. 1 35 10. 8 
36 __ ___ __ ---- - --- -- -- ·- ·- --·--- -- --------·· ---------- -- 237 68. 3 44 13. 5 
37 --- ----- _ -- _ -- __ -- _ -- -- --- _ -- ------ ------ ------------ 238 68. 6 49 15. l 
38 ______ • - - -- - --- - -- - -- ·- ---- -- ------ ---- -- --· ------- -- 248 71.5 50 15. 4 
39 ________ - --- -- ----- ---- ---- -- ---- ---- ---- ---------- -- 252 72.6 53 16. 3: 

1 Number of structures with clearance in excess of 29 feet, 2,li50. 
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TABLE 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 less than 30 feet on 2-lane highways, 42 feet on 3-lane 
highways, and 54 f eet on 4-lane highways-Continued 

Horizontal clearance (feet) 

Accumulated number 
and percent of struc-

. tures on 2-lane high-
ways 

Accumulated number 
and percent of struc-
tures on 3-lane high-
ways 

Accumulated number 
and percent or struc-
tures on 4-lane higb-
ways 

Number Percent Number Percent Number Percent 

40 _____________________________ ------------ ------------ 344 99. 1 
41. .. _______ . ___________________ ------------ -------- ---- 347 100. 0 
42 ___ __________________________ - - ---- -- ---- ------------ (2) ------- - ----
43 _____________________________ ----- ------- ---- ---- ---- ---------- -- -- ----------
44 _____________________________ ------------ ------------ ------------ ------------
45 _____________ ---------------- --- -- -- ----- ------------ ------------ -- - ---------
46 ____ _________________________ ------------ ------ ------ ------------ ------------
47 _____________________________ ------------ ------------ _____ .J ·--- ------------

48 _____________________________ ----------·- ------------ ------------ ---- --- -----
49 _____ __ __ ____ ________________ -- -- -------- ------------ -- --- ---- --- ----------- -
5() _____ __________________ ___ ___ ------------ ------------ ---- ---- ---- ______ __ _ ,, __ 
51_ ________________ ------------ ------------ ------------ ---------- -- ----· -------
52 _________________________ ___ _ ------------ ---- - ------- ------------ ------------
53 ·---------------------------- ------------ ---------- -- ------------ ------------

Total number struc-tures _________________ _ 15,888 ------------

• N umber with clearance in excess of 41 feet, 69. 
s Number with clearance in excess of 53 feet, 63. 

416 ------------

142 
145 
177 
187 
242 
251 
269 
270 
292 
292 
319 
320 
322 
325 

43. 7 
44.6 
54. 5 
57.5 
74..5 
77. 2 
82.8 
83.1 
89.8 
89. 8 
118. 2 
98.5 
99.1 

100.0 

388 -- ----------

Table 4 illustrates the very satisfactory condition regarding vertical 
-clearance. As will be noted, the 133 structures with vertical clearance 
below the recommended minimum acceptable standard are less than 
1 percent of the total number of bridges. The number with clearnnces 
less than the 14 feet recommended as desirable for new or reconstructed 
bridges is considerably less than 5 percent. By showing that less than 
10 percent of all bridges have vertical clearances of 17 feet or less, the 
table indicates the very great extent to which vertical clearance of 
existing bridges on the network is practically unlimited. 

In part, the bridges deficient in vertical clearance are also deficient 
in horizontal clearance, and those deficient in eithrr or both of these 
respects are included in part among the 2,436 that are of substandard 
load capacity. The totals given for each class of deficiency are not 
additive. The number of different bridges affected is less than 3,000. 

T ABLE 4.-Accumulative distribution of the number and percent of all ~tructures, 
including underpasses, located on rural roads conj orming to main lines of the 
strategic network and having vertical clearances of less than 18 f eet 

Vertical clearance (feet) 

g __ ·------------------ - ---------- ---------------------------------------
1)_ - ----- -------- - ----------- - --- - ----------------------------------------
10_ - ------------------· ·--------------- ----------------------------------11_ _________________________________________________ _____ _______________ _ 

12 __ . ____ ----- _ --- _ -- _______ . -- ___ --- _. -- --- __ -- - ------- ·-- -- -- ----------
12)4 _____ -- __ --- --- __ ---- -- ___ . -- ___ -- ___ --- --- -- ---- --- ---- __ --- --- -----
13 __ . ----- -- - --- ------ -- ----------------- ----- ---------------------------
14 . - - --------------------------------------- -- ---- ---- -------------------
15 __ ---- ---- - ------- ----------- ----- ----- --- -----------------------------
16. _. ------------------ --------------------------------------------------
17 __ ---------------------------------------------------------------------
( 1) _______________________ ---------------- -- --- - --------------------------

1 More than 17 feet . 

I Accumulated I A:ceumulated 
number percent 

I 
4 

13 
34 

113 
133 
231 
872 

1,342 
1,597 
1,650 

16,692 

0. 01 
. 02 
. (X! 
.20 
-68 
. 80 

1. 38 
5.22 
8.(K 
9.67 
9.88 

100.00 
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142 43. 7 
H5 44.6 
177 M.5 
187 57.5 
242 74..5 
251 77. 2 
269 82.8 
270 83. l 
292 89. 8 
292 89. 8 
319 118. 2 m 98. 5 
322 99. l 
325 100.0 
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In addition, however, to these defective bridges which should be 

rebuilt or altered, a minimum acceptable improvement of the rural 
network also requires the building of a number of other structures for 
various reasons. These include grade-separation structures required 
at existing grade intersections, bridges to replace existing fords and 
dips, 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 is 3,648. 

Conditions of roads.-Of the 66,869 miles of existing rural roads 
conforming to main lines of the strategic network, 18,613 miles serve 
a normal traffic averaging less than 600 vehicles per day. 

Of this latter mileage, roads included in the proposed interregional 
system make up 3,825 miles, or approximately 21 percent. The re-
maining 14,788 miles consist of roads not included in the interregional 
system. 

Roads serving average daily traffic ranging between 600 and 1,800 
vehicles total 29,273 miles. Of this, 11,750 miles, or approximately 
40 percent, are included in the inter-regional 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. 

These traffic-volume classes are associated with the standards of 
width for new work previously defined. These standards call for 
pavements not less than 20 feet wide where average daily traffic is 
less than 600 vehicles, not less than 22 feet where traffic averages 
between 600 and 1,800 vehicles per day, and not less than 24 feet for 
daily traffic averaging 1,800 vehicles 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 strategic network, by traffic volume and pavement width groups 

RURAL ROADS INCLUDED IN INTERREGIONAL SYSTEM 

Average daily Width or pavements 
traffic volume 

(vehicles per Less than 18 18 feet to less 20 feet to less 22 feet to less I 24 feet and day) feet than 20 feet than 22 feet than 24 feet over All widths 

Per- Per- Per- Per• Per- Per-
Miles cent Miles cent Mile& cent Miles cent Miles cent Miles cent 

Oto600 .. . .. . . 52 0. 2 l, 107 4.3 2,187 8.6 155 0. 6 324 1.3 3,825 15. 0 
600 to 1,800 . . .. 521 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 1.4 3,731 14. 6 2,686 10. 5 437 1.7 2, 764 10. 8 9,979 39. 0 

-------------------- - - --
Total... 934 3. 7 10,271 40. 2 9,432 36.9 1,023 4. 0 3,894 15. 2 25,554 100. 0 

RURAL ROADS NOT INCLUDED IN INTERREGIONAL SYSTEM 

o to 600 . ...• • . 1,952 4. 7 4,250 10. 3 5,728 13. 9 
600 to 1,800 . .. . 1,528 3. 7 7,240 17. 5 7,112 17.2 
1,800 and over. 676 I. 6 2,828 6.8 3,067 7. 4 ------------

Total.. . 4,156 10.0 14,318 34.6 15,907 38.6 

1,016 2. 5 1,842 
857 2.1 786 
670 1.6 1,763 ------

2,543 6.2 4,391 

4. 5 
1.9 
4.3 --

10. 7 

14, 788 
17,523 
9,004 
--

41,315 

35. 
42. 
21. 

100. 

9 
4 
7 

0 
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T ABLE 5.-Dislribution of the length of rural roads conj arming to main lines of 
the strategic network, by traffic volume and pavement width groups-Continued 

ALL R URAL R OADS 

A vernge daily W idth of pavements 
traffic volume 

( vehicles per Less than 18 18 feet to less \ 20 feet to less 22 feet to less 24 feet and day) feet than 20 feet than 22 feet than 24 feet over All widths 

I 
Per- Per- Per- P er- Per- Per-

Miles cent Miles cent Miles cent Miles cent Afiles cent Miles cent -0 to 60() _______ 2,004 3. 0 5,357 8. 0 7,915 11.8 I, 171 I. 7 2, 166 3. 2 18,613 27. 8 
600to 1,800 .. __ 2,049 3. 1 12,673 19. 0 II, 67 1 17. 5 1,288 I. 9 1,592 2. 4 29, 273 43. 8 
1,800 and over . 1,037 I. 5 6,559 9. 8 5,753 8. 6 I, 107 I. 7 4,527 6. 8 18,983 28. 4 

------------------------
Total. __ 5,090 7.6 24,589 36. 8 25,339 37. 9 3,566 5. 3 8,285 12. 4 66,869 100. 0 

TABLE 6. - Accumulative distribution of the length of rural roads conforming lo main 
lines of the strategic network, by traffic volllme and pavement width grou ps 

RURAL ROADS INCLUDED I:\' I:\'TERREGIOKAL SYSTEM 

\Vidth or pavements 
Average d a i I y 

traffic volume 

I 
(veh icles per day) Less than 18 Less than 20 Less than 22 Less than 24 21 feet and ver feet feet feet feet 

I ·""" i''"'" Miles !Percent j ·"iles Percmt _'files Percent .\files Percrnt 
Oto 60Q _____________ 52 o. 2 1, 159 I 4. 5 1 3,346 13. 1 3,501 13. 7 3,825 15. 0 
fiOO to 1,800 ...... ___ 521 2. 1 5, 954 23. 4 , 10, 513 41. 2 10,944 42. 9 11 , 750 46. 0 
1,800 &nd over... . . . 361 I. 4 4,092 \ 16. 0 I 6. 778 26. 5 7,215 28. 2 9,979 39. 0 

T otaL ______ 9341~111,2051~120,637 
--

80. 8 21,660 84. 8 25,554 100. 0 

RURAL ROADS NOT INCLUDED IN INTERREGIONAL SYSTEM 

0 to 60\l ___ ___ ______ I, 952 4. 7 6.202 I 15.0 : 11,930 I 28.9 12, 9461 31. 4 14, 788 35. 8 
600 to 1.800 ---·--·- 1,528 3. 7 8, 768 21. 2 , 15, 880 38. 4 16, 737 40. 5 17, 523 42. 4 
1,800 and over. _____ 676 1. 6 3, 504 8. 5 I 6, 511 15. 9 7,241 17.5 9, 004 21. 8 

T otal. __ _____ 4, 156 10. 0 18, 474 l~ i 34, 381 1~ 36,924 I~ 41,315 100.0 

ALL R U RAL R OADS 

-0 to 600 ___ __ ____ 2,0041 3. o 7,361 J 1. 0 1 15, 2761 22. 8 16. 447 I 24. 6 18,613 27. 8 
600 to 1,800 . . . _____ . 2, 04~ 3. 1 14, 722 21. 0 26,393 39. 5 27,681 41. 4 29,273 43. 8 
1,800 and over .. ____ I, 03, 1. 5 7,596 ~i 13,349 14, 456 21. 6 18,983 28. 4 

---- ----
Total. __ ..... 5.090 I 7. 6 29,679 «. 4 I 55. o t8 i 82. 3 58, 5841 87.6 66,869 100. 0 

Table 5 showa how the entire milevge breaks down into each of fo ur 
pavement-width classes, each subdivided into traffic-volume groups. 
Table 6 shows an accumulative distribution which gives for each 
traffic-volume class the total mileage at present improved with pave-
ments or surfaces less than 18, 20 , 22, and 24 feet wide, and 24 feet 
wide and over . In both tables roads included in the proposed inter-
regional system and those not included in that system are separately 
classified. 

Both tables 5 and 6 show that the roads of the strategic network 
most seriously defi cient in pavement width are the 5,090 miles paved 
less than 18 feet wide. Only 934 miles of such extremely 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 
S-,285 miles of the network- on 3,894 miles of the interregional system 
-and on 4,391 miles of other roads. Practically all roads in this group 
.are fully adequate in pavement width for their present normal traffic. 
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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 prescribed. 

Of this 48,210 miles of inferior roads, 18,887 are included in the 
proposed interregional system and constitute 73.9 percent of its total 
mileage; and 29,323 miles 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 whcih existing surfaces less than 18 feet wide 
are subjected to traffic averaging more than 1,800 vehicles per day. 
Of this extremely inadequate mileage, 361 miles are included in the 
interregional system. On the entire mileage, the prescribed standards 
call for 24-foot pavements. 

'TABLE 7.-Length of ruT-.al roads conforming to main lines of the strategic network 
surfaced with pavements of various widths inferior to the prescribed standards, by 
traffic volume classes 

Annual average traffic in vehicles per day 

IJ--000 600-1,800 1,800 and over 

Portion of network Deficient pave- Deficient pavement Deficient pavement width ment width width 

Less 18 to Less 18 to 20 to Less 18 to 20 to 22 to 
than less than less less than less less Jess 

than than than than than than 18 feet 20 feet 18 feet 20 feet 22 feet 18 feet 20 feet 22 feet 24 feet 
---- ------------------- ---

Rural roads: 
Included in interregion- Miles .'Jiles Milu Mile.• Miles Milea Mi/ea Miles Mile, 

al system ___ ___________ 52 1, 107 521 5,433 4,559 361 3,731 2,686 437 
Not included in inter-

regional system .. _____ 1,952 4,250 1,528 7,240 7, 112 676 2,828 3,067 670 ------- ------------
All rural roads __ ____ 2,004 5,357 2, 049 12,673 11,671 1,037 6,559 5, 753 1,107 

Total deficient by traffic -------------------
volume classes __ . ____ . ___ . 7, 361 26,403 14, 456 

' 
Annual average traffic in vehicles 

per day-Con. 
Total deficient 

in width 
0--1 ,8()() and over 

Portion of network Deflrient pavement width 

Percent 
Less !Ho 20 to 22 to Length of rural 

less less !es~ net-than than than than work 18 feet 20 feet 22 feet 24 feet 
-----------

Rural roads : Miles Miles Milea Miles M ilea 
Included in interregional system __________________ 934 10,271 7. 24~ 437 18, 8~7 73. 9 
Not included in interre~ional system ______________ 4, 156 14,318 10, 179 670 29,323 71.0 -------------All rural roads ____ __ __________________ ---------. 5,090 24,589 17,424 1, 107 48,210 72. 1 

------- - ---
Total d~flcient by traffic volume classes ... -------,- --- 48, 210 
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In contrast, defi,ciencies of least degree are found op 12,778 miles, 
all of which are improved with pavements at least 20 feet wide and 
in no case more than 2 feet narrower than the standard width pre-
scribed for the volume of traffic served. 

To raise the entire rural network to the standards of pavement 
width prescribed, 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 miles now less than 18 feet wide. 
12,673 miles now 18 but less than 20 feet wide. 
11,671 miles now 20 but less thap 22 feet wide. 

To 24-foot width: 
1,037 miles now less than 18 feet wide. 
6,559 miles now 18 but less than 20 feet wide. 
5,753 miles now 20 but less than 22 feet wide. 
1,107 miles now 22 but less than 24 feet wide. 

The strength of existing road surfaces approaches the desirable 
standard more nearly than their width. It has not been possible 
to determine with great accuracy the strength of all surfaces; but the 
facts available regarding their general type indicate that not more 
than about 14,000 miles of the rura.l network are incapable of support-
ing 9,000-pound wheel loads on pneumatic tires the year round. 
In very large part the surfaces deficient in strength arc also deficient 
in width and other qualities. 

Excessive curvature and inadequate sight distances are among the 
more common defects of existing improvements. Perhaps the most 
common defect is a general lack of shoulders of sufficient width to 
accommodate standing vehicles. The construction of narrow shoulders 
has been considered in the past a permissible cost-saving expedient. 
As a result there are few roads today where' the space between the 
pavement and ditch or edge of fill is sufficient to insure the safety of 
parked vehicles and the traffic moving by them. 

Entirely apart from considerations of defense usage, adequate 
provision for normal civil traffic on the more heavily traveled routes 
will require in the future a rather general widening of existing shoul-
ders . But the possibility of more or less frequent use of a substantial 
part of the strategic network by motorized and mechanized Army 
convoys adds another important reason for building wider shoulders. 

As a practical approach to this generally desirable condition, many 
of the State ~1ighway departments have indicated a preference for 
constructing wider shoulders at staggered intervals on the two sides of 
the road. But even so, the sections of the rural network on which they 
report immediate shoulder widening to be desirable, aggregate more 
than 42,700 miles. 
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