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B IGN OF A FlLL. SUPPORTED BY CLAY
UNDERLAID BY ROCK

AN APPLICATION OF SOIL MECHANICS IN SOLVING A HIGHWAY FILL PROBLEM
BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION

Reported by L."A. PALMER, Associate Chemist

HIS REPORT is a continuation of the theoretical

considerations contained in two previous publica-
fions.' 2 Its purpose is to present in usable form the
analytical methods based on the assumption of condi-
tions of plane strain * and to extend these ana,lyses‘ to
include the problem of determining the supporting
power of a clay stratum supporting a symmetrical earth
fill when the clay stratum is underlaid by rock.

As shown in one of the previous publications? a
problem involving plane strain conditions is one involv-
mg two dimensions. The load is distributed over an
area that is quite long as compared to its width and the
analytical procedure is applied to a vertical cross section
of unit thickness in the direction of the longitudinal
axis of the load. This is taken as the Y direction. It
is considered that there is no displacement of material
in this direction and that whatever soil movements
oceur are in the Z direction, which is toward the center
of the earth, and in the X or horizontal direction, that
is, perpendicular to both the ¥ and 7 directions.

The analytical procedures used in the theoretical
solution of the present problem involve two theories,
that of elasticity and that of plastic equilibrium, and
four principal assumptions are involved. The first
three are common to both theories. The fourth is
made only when the theory of plastic equilibrium is
applied. These are:

1. The strength of the clay stratum depends essen-
tially on its cohesion. The strength due to the element
of friction is comparatively small and may be neglected.
Hence, whenever and wherever the unit shearing stress
hecomes equal to the unit cohesion, ¢, the soil becomes
plastic and undergoes plastic flow; that is, the soil fails.

2. The adhesion of the clay to the rock surface is
“perfect.” No slippage occurs at this surface although
there may be lateral movement in the clay at points
very near the rock surface.

3. The soil deformations considered in this paper are
those that occur at an assumed constant volume. It
seems reasonable to assume that the deformations
caused by lateral yield in the X direction oceur during
a period of time that is brief in comparison with the
tme required for an appreciable degree of consolidation
of the stressed clay stratum. When deformations occur

at constant volume, Poisson’s ratio is taken as % (the

approsimate value).

In applying the method of plastic equilibrium it is
considered that the fill acts like an absolutely rigid body
In 1fs production of stresses in the clay stratum when
thes&m the plastic state. Thus the fill above and

1 inei *
] Pl'l!lglrlg)les Olf) Soil Mechanies Involved in Fill Construction, L. A. Palmer and
1 Prinej Ier, rl‘Ot_)eedmgs Highway Research Board, Annual Meeting 1937.
Abutmenlg es I? Soil Mechanies Involved in the Design of Retaining Walls and Bridge
% L. A. Palmer, PUBLIC ROADS, vol. 19, No. 10, Decernber 1935,
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L —UNIFORM LOAD

CLAY STRATUM 2h

ROCK SURFACE

7

FicurE 1.—UN1ForRM LoAD oN A LoNG STRIP SUPPORTED BY
Cray UNDERLAID BY Sonip Rock.

the solid rock boundary below the clay constitute a
“nuteracker.”

Probably the fourth assumption is the least valid of
the four.

Since it is assumed that there is no displacement
either in the fill or in the supporting soil in the direction
of the longitudinal (Y") axis of the fill, the problem is
one of plane strain. One vertical cross section perpendi-
cular to the Y axis is the same as any other insofar as
stresses and deformations are concerned, assuming, of
course, that both the fill material and the supporting
clay are, in themselves, homogeneous. Since the rock
is supposedly rigid, it follows that there is no vertical
displacement of soil at this boundary.

STRESSES IN THE CLAY,COMPUTED FROM THEORY OF ELASTICITY

Carothers * has shown that for a uniform load p per
unit area on a long strip of width 2b (see fig. 1) at the
surface, the shearing stress, s,,, at the rock surface is

D Te—b
Sz =7 [sech 5 o

where 2k is the thickness of the intervening clay layer.

This expression for s,, for uniform strip loading and
other expressions for stresses for other types of surface
loading (see for example equation 12) are developed
from the theory of elasticity. When these expressions
are used it is considered that the clay mass has not been
stressed to its ultimate supporting power and is there-
fore not reduced to a plastic condition throughout.

In the following discussion equations 2, 3, 4, and 8
are those frequently seen in texts on the theory of
elasticity.*

3 Test Loads on Foundations as Affected by Scale of Tested Area, S. D. Carothers,
Proceedings International Mathematical Congress, Toronto, 1924, pp. 527-549.

4 See, for example, pp. 8-20, inclusive, of Theory of Elasticity, by S. Timoshenko.
MecGraw-Hill Book Co., 1st. ed., 1934,

T x+b

_86011§W )
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The fundamental strain relations are I—iTT__—E:‘j
1 fos iz i e
EFE[Z,I_ u(py~{—p2):l ____________ @) | S :dp/ ]
e,=1E[p,—y<pz+pz>] ------------ ®) ] | |
= —>+X
0 0
&= ELpz—p(p,—}-py)] ____________ @) CLAY STRATUM T

where e, ¢, and ¢, are the strains and p, p,, and p, are
the normal stresses in the X, Y, and Z directions,
respectively; £ is Young’s modulus; and g is Poisson’s
ratio.

Since e,=e,=0 at the rock surface and since M:%,
equation 3 becomes
02+ Ds
l/__‘] R R R e T (5)
and equation 4 becomes
pelth o ®)

By substituting for p, in equation 6 from equation 5,

Dye—Ts-==Cit i e e 7)

which is true at the boundary of rock and clay.
The maximum shearing stress, Smax., at any point of
the undersoil is

at all points along the rock surface. Hence at the

rock boundary equation 1 becomes

9 m b m2+b
Smax- =75 SeCh:‘Z_W_SSChEQT

which is the expression for the shearing stress at any
point, T ot the rock surface (see fig. 1). For a tri-

angular loading, dp’=%dB (see fig. 2), where B is any

variable horizontal distance from the (Z axis to the
slope. By differentiating s with respect to p in equa-

tion 10 and substituting %dB for dp’, there is then

obtained

o T2—B Tr+B
dsmu.—% sechgw—sechg o

:IdB__ - (aab)

This is the shearing stress at T due to the shaded
horizontal element of figure 2. Integration between
the limits, 0 and b, yields for all such elements

T
Smax-:%% 2 arc tan’e? 2h—

xz:+h Sz=l) :
arctan e2 2 —arctane2 2 |___________ (12)

ROCK SURFACE

o7,

Ficure 2.—TRIANGULAR LoaDp oN A LonNg StrIP SupPPORTE)
BY Cray UNDERLAID BY Rock.

This is Jiirgenson’s 5 formula for the shearing stres
at a point T of the rock surface when the loading is tri
angular. (See fig. 2.) The use of equations 10 and 12
is not dependent on the relative magnitudes of & andb.

From equation 12, the greatest value of Spgr., de-
noted by s,, depends on the ratio of b to h. For ex

ample, if the depth to the rock surface, 2h, is % b, then

Smax-=8,=0.318p at the point =0.625b. If the clay has
no friction, the plastic condition for these relative di
mensions begins to be developed at the point 2=0.62i
at the rock surface when

Smax-=8;=¢=0.318p
or when p (see fig. 2)=3.14¢ where ¢ is the unit cohesion,
Similarly, for 2= 1B, Swwx.=$, at 2=0.67b and i
plastic zone begins when

Smax.=8;=¢=0.22p

or when p (see fig. 2)=4.55¢.

For any fixed ratio, b : &, ordinate values of 8yqz. M4
be plotted against z as abscissa, using equation 12. The
value of 2, where Smqx.=s,=the greatest shearing stress
is the maximum ordinate of the curve thus obtained.

HENCKY’S METHOD OF PLASTIC EQUILIBRIUM IS FUNDAMENTAL

The application of the method of plastic equilibriun
to this problem involving the boundary conditions illus
trated in figures 1, 2, 3, 4, and 5 is limited to the cor
dition that the distance, 2, must not exceed the dis
tance, b/2 where 2h is the thickness of the clay layel
and b is half the base width of the loaded surface are:

A thin layer of soil between two rigid plates whos
surfaces in contact with the soil are rough and whid
are of great length and of width 2b (see fig. 3) is cor
sidered. The soil is supposed to have cohesion and?
zero or very small value for its effective angle of internl
friction. The method of Hencky ¢ will now be shoyl

§ The application of Theories of Elasticity and Plasticity to Foundation Problem
by Leo Jiirgenson, Journal of the Boston Society of Civil Engineers, vol. 21, No. |

1934,

¢ Uber Statisch bestimmte Fille des Gleichgewichtes in plastischen Korpen, %
Hencky, Zeitschrift fiir ang Mathematik und Mechanik, 1924, vol. 3, p. 291, D. ‘0“
See also Plasticity, Chapter 33, A. Nadai, 1931. MecGraw-Hill Book Co.
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as originally devised and applied by Prandtl? to the
problem illustrated by figure 3, the plastic flow of soil
from between two rigid plates. Certain equations for
stresses will be derived in this application. Then these
expressions for the stresses will be used in the solution
of the problem of the fill, ABCD, figure 4, supported by
a clay stratum underlaid by rock. First of all it is
assumed (figs. 3 and 4) that A is either equal to or less
than b/4. In o case in the following development may
I be considered as greater than b6/4. The solution

follows.
- — 22— ———— A—j
I |
(RS RIGID FRAME
i e X FLOW OF
ZS Il / PLASTIC MATERIAL
[ RIGID FRAME =
SLIP LINES
74

Mg

T £ 3 . N
ﬁ FLOW ~—— +4h = == FLoW, (R
oI — o S ,ﬁ..,._,‘fﬁx
| FLOW <~— -h — FLOW 5557
-x -1 e
2 e
gty N e DRt
Z

DISTRIBUTION OF STRESS
F1uRE 3.—CoNDITIONS AT FAILURE IN A PrAsTic MATERIAL
PrEssED BETWEEN Two RoucH PARALLEL PLATES.

When the material pressed between the plates by a
load P (see fig. 3) becomes a plastic mass, flow occurs
with a constant maximum shear expressed by the
equation,

T 2
Smu.=\/ [Zh#pf +s..2=the unit cohesion ¢ or

e D:= L2 CEom Rl (13)
for according to theory, $n.,.=constant=c under these

conditions. There are two other equations of equilib-
um, namely,

Of: L O0Se .

Oz Dz =05 B aanker £ (14)
and

O OSzei

5 +b—z_0 --------------- (15)

The stresses p,, p,, and s, may be determined from
equations 13, 14, and 15. Differentiating 15 with
respect to z and 14 with respect to z and subtracting,
there is obtained

o’ fS:, Osh,
Bl =S e (16)
substituting equation 13 in equation 16,
az o N bzs,z_ azsn
e TAAMEC St s v SRR (a7

e S —
'L, Prand tl, Zeitschrift fiir ang., Mathematik und Mechanik, vol. 6, 1923.

FLow FLOW

CLAY 2h

ROCK SURFACE
-~ =

AREA AED = ARea ABCD G = SUPPORTING POWER :%b FACTOR OF SAFETY = ;

FiGureE 4.—SuprPoRTING PowER OF Cray LAYER UNDERLAID
BY Rock, METHOD OF HENCKY.

5=60" b=60'
E
B ©
H=26%
P=wH
a0 :
|‘ l o a Vg et 1)
TN DESRY

CLAY WITH A UNIT COHESION
OF 500 POUNDS PER SQUARE FOOT

ROCK SURFACE

FIGURE 5.—PROBLEM OF THE SUPPORTING POWER oF A CrLAy
STRATUM SANDWICHED BETWEEN A Finn, ABCD, AND SoLiD
Rock.

Equation 17 is now solved by assuming that s,, de-
pends on z alone and not on z. When this is true
equation 17 reduces to

0%
022 S0scats oo s (18)
which is readily integrable, and there is obtained
Szz:K1+K22 _______________ (19)

The shearing stress s,, cannot anywhere exceed c,
the unit cohesion. If K; be taken as zero, there are
two straight lines (the upper and lower boundaries,
fig. 3), the equations of which are z=-+h and z=—h
along which the shearing stress s;, becomes sm.x=c¢
since by equation 9, Smax =S, at the rock (rigid) surface.
In the present case there are two rigid surfaces, at
z=4h, which form natural limits for the plastic mass.
The sign of K, in equation 19 depends on whether
8zz=-+Fc or s;,=—c for z=h. If for z=-h, s,,—-c,
then for K;=0, equation 19 becomes

82:=Smax.= +c=Ksh

or
¢
K=+ 7

and therefore for any value of z between -4 and —#,
cz

Sz2= +I ———————————————— (20)

by substitution in equation 19.
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Now, from equation 14,
Offpsi 085 4 OF ozl €
% 0p bz[+h g 2
and from equation 15,
Op; s 98,0 O ezl 09
Q2 01 bxl}i_ﬁ:l_o ’’’’’’’’ @)

By integration, equations 21 and 22 yield

BT hAO)- 23)

and

=) s R (24)

respectively, where f; (z) is a function of z alone and
f2 (@) is a function of z alone. Both f; (2) and f; (2)
must be so determined that equation 13,

Po—Pr=E24/P—s P (13)

will be satisfied. Equation 13 is called the ‘“‘condition
of plasticity.”” Substituting the values for p, and p,
as given in equations 23 and 24 and for s, from equation
20 in equation 13 there results,

Fo@) +F—fr(&) = 26T 25)

Putting 2=0 in equation 25. Then
Sfi(2)=KF2¢/1—2%/h?, where K=£,(0).

Putting z=0 in equation 25. Then

£@)=K—%, where K=f,(0) 2.
h

It may be easily shown that f;(0)4=2c¢=/,(0). Hence
the symbol K may denote either value.
By substitution in equations 23 and 24 there results,

pe=K— %’CJ—FM/ R s (26)

and

P2=K—%E —————————————— (27)

where K is a constant.

Equations 26 and 27, together with equation 20,
completely determine the stresses at any point in the
plastic mass when K is known. With reference to
ficure 3, when z=-h and z=b, p.=0 so that by
substitution in equation 27

_¢b,
0= h
or
cb

Therefore
pzzc_(l_’_};@ F2e1—2R. . @
c(b—z
I e ) —————————————— (29]
and
822== +%§ ________________ @)

At the boundaries, z=-+h and z=—F,

Pz=pz=9@h_—x) and &8 —-C.

HENCKY’S METHOD APPLICABLE IN FILL DESIGN

From equation 29 it is seen that p, is a maximu
when 2=0, and diminishes as z increases (b is positiy
on the right and negative on the left of 0Z). Tk
loading on the surfaces of plastic clay is therefore ti
angular as shown in figure 3, although the load applid
to the rigid frames is uniform.

The problem illustrated in figure 4, a fill, ABCI,
supported by a clay stratum underlaid by rock, is cor
sidered next. The computation of the supportiy
power, ¢, of the soil layer, figure 4, is based on tl
assumption that the structure, ABCD, is absolute]
rigid. 'This assumption is equivalent to saying that i
soil layer is between two rigid frames, the fill above au
the rock below. But in order to use equations 28,2
and 20, derived for soil between two plates, there mus
be made another simplifying assumption for b
problem illustrated in figure 4, which is that the resis
ance to flow offered by the soil in the clay layer to th
left of A and to the right of D (figure 4) is small enoug
(relatively) to be neglected.

With all these simplifying assumptions, equatiox
28, 29, and 20 apply in computing the supporting powe
¢, of the soil layer, figure 4. Since the structuy
ABOD, is rigid, then according to equation 29 the dit
tribution of vertical pressure, p,, at the upper boundar
(figure 4) is triangular. The same vertical stress distr
bution at this boundary would be realized in fact!
the load diagram, ABCD, becomes triangular, AE]
the area of ABCD and that of AED being identit
since the total load of the fill cross section (1 foot thid
in the direction perpendicular to the plane of fig. 4):
the same. :

The total vertical force, P, on a strip of unit widl
(y=1, fig. 4) on the plane boundary, z=h, is

b b
= 5 c(b—a)dz
P—2J; p;dx—2'£ o

or

But P=pb from figure 4, where p is the maximil
surface load per unit area and hence

2
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or
(31)

The factor of safety against overloading of the clay
stratum is ¢/p, ¢ being the supporting power. At the

instant of failure, g:p:cﬁb.

A comparison of values obtained by the elastic theory
on the one hand and the theory of plasticity on the
other is now considered. 1t has already been shown

1 :
that for 2h=;2—b, the plastic zone starts to appear when

the magnitude of p is such that p=3.14c. From
equation 31 plastic flow of the entire soil mass below
the fill begins when

q:p=%=%b=4c
4

when
1 b
2h=§b or h:Z
Hence for a comparison:
1. By the elastic theory, a plastic zone is started
when p=3.14 c.

2. By the theory of plastic equilibrium the ultimate
bearing capacity ¢ of the supporting soil is g=4 c.

Thus for 2 h:g the development of a plastic zone or

region in the supporting soil mass begins when p is
3.14
o

power.

X100 or 78.5 percent of the ultimate supporting

Similarly when 2 h:é, the plastic zone is

=
started when the value of p is é'—853><100 or 57 percent

of the ultimate bearing capacity or supporting power.
APPLICATION OF THEORY ILLUSTRATED

Suppose that it is required to know the factor of
safety with respect to the supporting power of the soil
below the fill, ABCD, figure 5, when the following
conditions obtain:

1. b=4 h=60 feet.

2. The fill, ABCD, is symmetrical with a 2 : 1 slope.

3. The height of the fill is 20 feet and the top width
BC'is 40 feet.

4. The unit weight w of fill material is 100 pounds
per cubic foot.

5. The supporting soil is essentially clay. Its co-
hesion is 500 pounds per square foot and its angle of
ternal friction is too small to consider. It is then
assumed that all of the supporting power is due to

cohesion.
The area of the trapezoid, ABCD, is BC+AD
. 40412
Xheight= ;; 0><20= 1,600 square feet. The area of

triangle AED is also 1,600 square feet and its height

. 1600
H is —W:26.67 feet.

?26.67:2,667 pounds per square foot. ¢ is equal
04 ¢=43%500 or 2,000 pounds per square foot. The

Then p is equal to wH=100

factor of safety against failure of the undersoil is then

2000
F=qlp=5gg7=3/4.

Therefore the supporting soil will fail under the fill of
the proposed dimensions. For the undersoil to be safe,
the height I of the triangle AED must be reduced
since p=wH must be reduced. If the width of the
roadway (BC, fig. 5) remains 40 feet and the height of
the fill, ABCD, is reduced to 12 feet, the area of ABCD

40120
2

of the equivalent triangle is E%:16 feet. The value

is then X12=960 square feet and the height

p is then 1,600 pounds per square foot and

2000
F=q/p=1g50= 1%

It has been shown! that for a cohesive soil (with no
angle of internal {riction) extending downward to a
great depth the bearing capacity, ¢, for the soil support-
ing a symmetrical fill, as computed by two different
methods, is as follows:

Method Value of g in terms of unit cohesion
TPerzaghis e i aiaas g=4c (assuming fill is nonrigid).
Prandtl:=. Setibin s i g=>5.14c (assuming fill is rigid).

In the foregoing example, if the rock boundary were
removed and the clay extended far below it, the value
of ¢ according to Prandtl would be computed as being
5.14%500=2,570 pounds per square foot which is
larger than the value, 2,000 pounds per square foot, as
found in the example. On the other hand with different
relative values of b and h and the same fill as that con-
sidered in the example, the supporting power ¢ of the
clay stratum could be much greater than 2,000 pounds

per square foot. Thus for & equal to —g ) q =§%=8ch=

8¢=4,000 pounds per square foot, a value that is much
greater than that obtaining when the rock layer is
nonexistent. If this condition had existed in the pre-
ceding example, the factor of safety (all other conditions
being the same) would have been

. g 4000

_p—Z——667——1.5.
This is in accord with common sense and experience.
Tt is obviously more difficult to ‘“‘squeeze out” a thin
layer of soil from between two rough steel blocks than
it is to cause a much thicker layer of the same soil to
flow out laterally. There is always the practical con-
sideration that as the clay layer becomes increasingly
thin, it is less a major item of cost to excavate and place
the fill directly on the solid rock.

SUMMARY

Subsequent to construction a new fill tends to con-
solidate the supporting clay. Prior to the realization
of any appreciable degree of consolidation, the fill load
is carried for the most part by water in the supporting
clay mass. Thus initially the superimposed fill load
theoretically causes no contact pressure between solid
particles and therefore no frictional force is developed
by the neutral hydrostatic pressure in the supporting
clay. It is during this early period following con-

1 Principles of Soil Mechanies Involyed in Fill Construction, L. A. Palmer and
E. S. Barber. Proceedings Highway Research Board, Annual Meeting 1937.
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struction (or possibly during construction) that failure
of the supporting soil is most likely to occur. Hence
it is entirely on the side of safety to consider only the
cohesion in computing the supporting power.

For the case of a supporting layer of cohesive soil
underlaid by rock, the author has found no expressions
for shearing stresses other than those published by
Carothers. Biot 8 has derived quite complicated ex-
pressions for the vertical stress p, for the case of axially
symmetric stress distribution and for the case of a line
load. For 2h=infinity his derived expressions reduce
to those of Boussinesq and Mitchell. The formulas
derived by Carothers do not similarly reduce, but this
fact in itself indicates nothing insofar as validity is
concerned.

There is no flaw in the analytical derivations of the
formulas for supporting power as developed by Hencky
and Prandtl and extended by Jiirgenson. The limita-
tions are inherent in the assumptions. Obviously the
less rigid the fill the more untenable is the assumption
of rigidity.

A solution called the “Method of Haines” has been
indicated by Hough ? for the case of a nonrigid structure.

The cases of partially rigid structures are beyond the
borderline of present theoretical knowledge existing in
published form and there is therefore opportunity for
progress beyond this frontier.

Jiirgenson ° has recently suggested that if the fill is
nonrigid, the bearing capacity, ¢, should be taken as

é—(%%) which is half its value when the fill is rigid.

This suggested value is only for the case when 24 is
less than b/2.

The method of Haines referred to by Hough requires
a more complete presentation and description than has
been published to enable the student of theoretical
soil mechanics to evaluate properly its utility. The
fact that this method follows Jiirgenson’s boundary
case up to 2h=0.3b is interesting and adds a degree of
confidence in the use of Jiirgenson’s formula,

)
=%

for relatively thin supporting soil strata.

It is the opinion of the author that it is useless to
assume a surface of failure in the supporting soil stratum
in this problem. The conditions are too variable to
warrant this procedure. A surface of failure is not
assumed in the method of Hencky as extended and
applied by Prandtl and Jiirgenson. The slip lines
shown in figure 3 are determinable from equations
20, 26, and 27 and are families of cycloids.

In the absence of rock, ¢, the supporting power, is
taken with reference to the weight of a column of fill
material of height equal to that of the fill and of 1
square foot cross-sectional area. For this case there
are obtained by three different analytical methods the
following values for ¢ in terms of the unit cohesion ¢
(¢ being small enough to be neglected):

By the method of Terzaghi, g=4c.
By the method of Prandtl, ¢=(r+42)c.
By the method of Krey, g="6c.

These values are all for a factor of safety of one.

8 Effect of Certain Discontinuities on the Pressure Distribution in a Loaded Soil,
M. A. Biot. Publications from the Graduate School of Engineering, Harvard
University, No. 172, 1935-36.

9 Stability of Embankment Foundations, B. K. Hough, Jr. Transactions, American
Society of Civil Engineers, 1938, p. 1414.

10 On the Stability of Foundations and Embankments, Leo Jiirgenson, Paper
No. G-8, vol. 2, Proceedings, International Conference on Soil Mechanics and
Foundation Engineering, 1936.

For the case of a rigid rock boundary below the sup.
porting clay, the formula of Jiirgenson is |

cb
Utys =i

for a factor of safety of one, where p is the weight of g |
column of fill material of height equal to that of thy |
equivalent triangle. (See fig. 3.) For 2k equal to o |
less than /2, ¢ is equal to or greater than 4c, according ‘
to this formula. For values of 2h greater than pf2 |
Jiirgenson’s formula gives such increasingly small valugs l
for ¢ as to be obviously in error.

The question arises as to the best procedure to folloy
when 24 is greater than 6/2. Pending the time thaty
more general and satisfactory solution of this problen |
is obtained, the following procedures are believed to he |
warranted and their use 1s suggested. |

1. For depths to rock less than one-fourth of the bas
width of the fill, the supporting power, ¢, is compute |
directly from Jiirgenson’s formula if the fill has a rigidity |
and strength such that it resists the shearing stress |
sz.=c, at 1ts base.

2. For depths to rock greater than one-fourth an(
less than three-fourths of the base width of the fill
the value of ¢ is considered as constant and equal to
4¢ regardless of the rigidity of the fill. In this cas
also ¢ is considered as equal to p, the weight of a column
of fill material of height equal to that of the equivalent
triangle (AED, fig. 3).

3. When the depth to rock exceeds three-quarters of |
the base width of the fill, the analytical procedures ar |
the same as those followed when the depth of the sup- |
porting clay is infinite. If the fill is rigid, the metho |
of Prandt] ' is applied. If the fill is nonrigid, the method |
of Terzaghi yields an appropriate value for g. ‘

4. For an absolutely nonrigid fill and for b greater|
than 4h (fig. 2), the supporting power, ¢, may be com-
puted from the formula,

|
/b i
I\l i i

In this case the ultimate supporting power of the
undersoil is taken as the value of p in equation 12|
when Sm.s. becomes equal to ¢ at any point z. (Se |
fig. 2.) For depths to rock less than one-quarter of
the base width of the fill, this value of p is about one
half that which is computed from the formula,

cb
U=
assuming the fill is rigid. ‘

5. All intermediate conditions, when the fill cau
neither resist a shearing stress, s;,—¢, nor is it nonrigid, |
are reserved for future study. S j

6. It should be possible to increase the ultimate|
supporting power of the undersoil by increasing the |
rigidity of the fill either by selection of matem&l,‘
methods of compacting, by special reinforcement such |
as the use of fascines, or by all of these means. \.

7. Spreading a thin blanket of gravel or sand over|
the undersoil and building the fill thereon would tend |
to hasten the process of consolidation of the soft layer
of supporting soil with a consequent increase in I
supporting power. The granular material in this cast
acts as a drainage course, providing a direct outlet for
water in the voids that is under pressure transmitted
by the fill load.

11 Principles of Soil Mechanics Involved in Fill Construction, L. A. Palmer anl
E. S. Barber, Proceedings Highway Research Board, Annual Meeting, 1037.
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SIGNIFICANT TRENDS IN MOTOR-VEHICLE
REGISTRATIONS AND RECEIPTS

BY THE DIVISION OF CONTROL, PUBLIC ROADS ADMINISTRATION

Reported by ROBERT H. PADDOCK, Associate Highway Engineer-Economist

States in 1938 numbered 219,540 fewer than in

thepreceding year. This amounted to a decline of
0.7 percent from 1937 registrations and marked the fourth
time in the history of the automotive industry that the
total registrations for one year were less than those for
the preceding year.

The history of motor-vehicle registrations in this
country has generally been one of continual growth;
an increase each year over the preceding one has come
to be expected. 'The course of registrations since 1914
is shown graphically in figure 1. The decreases in 1931,
1932, and 1933 resulted from the economic depression
which started in 1929, and the recession of 1937 un-
doubtedly accounts for most of the registration decrease
in 1938 from 1937. It will be interesting in succeeding
years to observe the registration trends and to compare
motor-vehicle registrations of the next decade with
those of the nine-year period ending with 1938.

Passenger-car and bus registrations of 25,261,649 and
truck registrations of 4,224,031 made up the reported
1938 total of 29,485,680 vehicles. It should be noted
that in spite of marked improvements in registration
practice in all States during the past decade, the
available data are not entirely comparable among
States. Passenger-car registrations in some States
include vehicles that elsewhere would be registered as
trucks. Busses are registered with passenger cars in
some States, and with trucks in other States, and in
many cases are not readily separable. However, it is
believed that these inconsistencies in registration
practice are not great enough in total to affect the
general observations and conclusions which can be
drawn from the available data.

The percentage of decrease recorded in 1938 for
passenger-car registrations was slightly greater than
that for trucks. This condition was also characteristic
of motor-vehicle registrations in the early part of the
decade. In 1930 an increase in truck registrations
more than compensated for a decrease in passenger-car
registrations, causing a slight net increase in total motor-
vehicle registrations for that year over 1929.

MOTOR-VEHICLE registrations in the United

PERCENTAGE INCREASE IN TRUCK REGISTRATIONS EXCEEDS
THAT FOR PASSENGER CARS

_Table 1 shows the respective annual changes and the
differences in the annual rates of change during the
past 18 years in passenger-car and truck registrations.
Since 1921 truck registrations have increased faster or
have decreased more slowly as compared with the
preceding year’s registrations for every year but 2
than have the corresponding passenger-car registrations.
These 2 years were 1923 and 1932. In the former
year, the greatest single year’s percentage increase in
passenger-car registrations since 1920 occurred. This
Was an increase of 23.8 percent while truck registrations
recorded an increase of 19.2 percent. This lag in
fruck registration growth was more than compensated

for by the 1924 registrations when passenger cars
recorded a substantial increase of 14.7 percent while
truck registrations were 32.8 percent higher than those
of the preceding year.

30.0

27.5

25.0

22.5

20.0

MILLIONS OF VEHIGLES
a
o

F1GURE 1.—MoOTOR-VEHICLE REGISTRATIONS IN THE UNITED
StaTes, 1914-38.

Again, in 1932, the drop in truck registrations was
6.8 percent compared to 6.5 percent for passenger cars.
But in 1931 passenger car registrations had dropped
3.1 percent in contrast to a 0.6 percent drop for trucks
and in 1933 passenger-car registrations showed a
drop of 1.2 percent compared to a very small increase
for trucks.

TapLe 1.—Comparison of variation in regisiration of passenger
cars and trucks, 1921 to 1938 1

Incre”‘}gﬁ%’gﬁ:&?;ﬁfmmou Increase in registration over 1921
Year Passenger cars Trucks Passenger cars Trucks
Number g(gt Number g;‘gt Number See;t Number g\eurt
1,523,170 | 16.3 | 251,910 | 23.0 | 1,523,170 16.3 251,910 | 23.0
23.8 | 258,335 | 19.2 | 4,117,396 | 44.0 510,245 | 46.5
14.7 | 526,459 | 32.8 | 6,093,678 | 65.1 | 1,036,704 | 94.6
13.2 | 307,826 | 14.4 | 8,129,449 | 86.8 | 1,344,530 | 122.6
0.9 | 323,368 |13.2 | 9,870,200 | 105.4 | 1,667.898 | 152.1
5.1 149, 798 5.4 | 10,852,252 | 115.9 | 1,817,694 | 165.8
5.7 | 190,081 | 6.9 [ 12,012,154 | 128.2 | 2,017,675 | 184.0
8.2 | 265855 | 8.5 | 13,754,618 | 146.8 | 2,283,530 | 208.3
—.3| 106,165 | 3.1 | 13,602,291 | 146.2 | 2,389,695 | 218.0
—3.1| —19,939 | —.6 | 12,981,052 | 138.6 | 2,369, 756 216.2
—6.5 |—236,765 |—6.8 | 11,518,843 | 123.0 | 2,132,091 191.6
—1.2 1,353 | (3 | 11,276,503 | 120.4 | 2,134,344 | 194.7
4.3 188,586 | 5.8 | 12,165,437 | 129.9 | 2,322,930 | 211 9
49| 2287160 | 6.7 | 13,216,449 | 141.1 | 2,551,090 | 232.7
1, 594, 791 7.1 339, 925 0.3 | 14,811,240 | 158.1 | 2,891,015 | 263.7
1,271,713 | 5.3 | 267,957 | 6.7 | 16,082,953 | 171.7 3,158,972 | 288.1
—188,275 | —.7 | —31,265 | —.7 | 15,894,678 | 169. 7 | 8,127,707 | 285.3

2 Less than 0.1 percent.
163

1 Busses included with passenger cars.
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MORE THAN | PERCENT INCREASE EEEE] 1) - 2.5 PERCENT DECREASE
0.0-1.0 PERCENT INCREASE 2.6-5.0 PERCENT DECREASE
0.0-1.0 PERCENT DECREASE 5.1-10.0 PERCENT DECREASE

il

F1GURE 2.—CLASSIFICATION OF STATES ACCORDING TO PER-
CENTAGE OF CHANGE IN TorAL MOTOR-VEHICLE REGISTRA-
70N IN 1938 OvER 1937.

The percentage of increase for trucks from 1922 to
1938 was almost 1.7 times as great as the corresponding
increase for passenger cars. Whereas trucks comprised
approximately 10.5 percent of the total motor-vehicle
registration in 1921, in 1938 they were 14.3 percent of
the total registration. Important features of future
motor-vehicle regulation will be dependent upon the
changes that may occur in those relationships. It can
be seen from table 1 that the rates of change in truck
registrations have been different from those for pass-
enger-car registrations except in 1938. Though an
approximately stable relation in the national economy
between cars and trucks may now have been reached,
it is probable that apparent changes in these relation-
ships will be observed in the future without the occur-
rence of any real changes. Such apparent though not
real changes may occur if more nearly correct classifica-
tion and registration practices are adopted by those
States where passenger-car registrations, for example,
now contain a considerable number of vehicles that
should properly be designated as trucks.

The Administration’s statistical tables, State Motor-
Vehicle Registrations and Receipts, 1938, appearing in
the June 1939, issue of PusLic RoAps showed that 33
States ! reported decreases in total 1938 registrations
from their respective 1937 registrations. The greatest
numerical decrease was in Michigan with a reported
decrease of 96,276 vehicles, which accounted for 29 per-
cent of the change in the 33 States reporting such losses.
The Michigan condition was exaggerated by reflection
of the conditions in the automobile market in the rest
of the country.

The large decrease in the District of Columbia regis-
tration, where the largest percentage decrease was
recorded, is believed to have been occasioned largely
by the revision in registration fees in 1938 when the
previous $1 fee was abandoned for higher rates. This
change undoubtedly caused the retirement of some
vehicles that might have been registered at the lower
rate. The change also probably resulted in the proper
registration of vehicles from other States in their own
States where formerly they had escaped the higher rates
in their own States by registering in the District of
Columbia or had been registered both in their own States
and in the District of Columbia.

Large decreases were also reported in Indiana, West
Virginia, and Wisconsin. Other States showing de-

1 The District of Columbia is classed as a State in this report.

=

[ 35 PERSONS OR LESS PER VEHICLE
[EZED 3.6 T0 5.0 PERSONS PER VEHICLE

EZE) 5170 6.5 PERSONS PER VEHICLE

MORE THAN 6.5 PERSONS PER VEHICLE

F1GURE 3.—CLASSIFICATION OF STATES ACCORDING TO NUMBE;
or PeErsoNs PErR REGISTERED VEHICLE IN 1938.

creases of more than 10,000 vehicles were Alabamy,
Kansas, Mississippi, Oklahoma, and Washington. Only
four States—California, Illinois, New York and North
Carolina—reported increases of more than 10,000 in
their registrations.

The percentage changes by States in total vehic|
registrations are shown in figure 2. It is significant
that there is no uniform pattern among the States
except in the Rocky Mountain area. States showing
inereases are scattered throughout the country.

SUBSTANTIAL DECLINE NOTED IN PERSONS PER REGISTERED
VEHICLE

The characteristics noted for all motor vehicles wer
generally true for passenger cars and trucks separately,
though only 28 States showed decreases in truck regis-
trations. Arizona, Iowa, Kansas, Massachusetts, Mon-
tana, Nebraska, New Hampshire, Ohio, Tennesse,
Texas, West Virginia, and Wyoming all reported in-
creases in truck registrations though the total numbe
of vehicles registered in each of those States decreased
However, in Florida, Louisiana, Missouri, New dJersey,
New York, Utah, and Virginia where there were net
increases in total motor vehicles registered there wer
actual decreases in the number of trucks registered.

These differences among the States suggest that
with the exception of Michigan and the District of
Columbia, which apparently reflect certain peculia
conditions, the causes of the changes in registration in
other States must be sought in a variety of gover-
mental, economic, and social factors. Kor example
the decreases in total registrations in some States
accompanied by increases in truck registrations, may
actually be caused by changes in local registration
practices rather than by changes in the classes of ve-
hicles in operation. Again, decreases in car registri-
tions as contrasted to increases in truck registrations
in such States as Kansas, Nebraska, and Texas may bt
caused by farmers who, for reasons of economy, refrail
from registering automobiles still owned, and use therr
trucks for both business and pleasure driving.

Since it is impossible to draw sound general concl-
sions from the data for a single year or even for a fev
years, it is desirable to identify certain basic State an
national trends in motor-vehicle ownership. Ont
approach to this is a determination of the distribution |
by States, of motor vehicles among the entire popula-
tion. These data are presented in figure 3 which shovs |
graphically the number of persons per registered motor |
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FrcURE 4.—ToTAL MOTOR-VEHICLE REGISTRATIONS, IN MILLIONS OF VEerICLES, BY REGIONS IN 1921, 1930, AND 1938.

vehicle in the several States in 1938. This figure
indicates certain quite definite patterns of motor-
vehicle ownership throughout the country with rela-
tively the fewest vehicles in the Southeast and the
most in the Far West.

In order to study these characteristics in greater
detail and to determine what regional characteristics
there may be the country was divided into six areas.
These differ somewhat from the geographical areas
used by the United States Bureau of the Census since
adherence to those areas would not bring out clearly
the significant differences throughout the country.
The areas are similar to those selected by the National
Resources Committee in their report Problems of a
Changing Population. One change from the grouping
used in that study has been made—West Virginia has
been grouped with the Southeastern States instead of
with those of the Northeast.

The States included in the several areas are shown in
figure 4 which also gives the number of motor-vehicle
registrations in the several areas in 1921, 1930, and
1938. This graph indicates the greater proportional
registration growth in the Southeastern States between
1921 and 1938, and particularly between 1921 and 1930,
in comparison with the increases in other areas. Table
2 shows this growth strikingly also by expressing the
data as persons per registered vehicle at the beginning,
middle, and end of the period studied. Thus, while
the change in the Southeast constituted a 63-percent
decreasg from 1921 to 1930 in the number of persons
per vehicle, the corresponding decrease in the Northwest
was only 48 percent, and in the Far West 50 percent.

The year-by-year change in persons per vehicle in
the several regions is shown in figure 5 which illustrates
the rapid drop for all areas until 1929, followed by the

rise during the depression years and the subsequent
drop again for all regions since 1933. The computa-
tions for this figure are based on the annual midyear
population estimates, by States, made by the United
States Bureau of the Census. Computations for 1938
are based on the latest available population estimates—
those for 1937.

TaBLE 2.—Persons per registered motor vehicle, by regions

Persons per motor vehicle in—

Region
[ 1921 1930 1938
INOrtheast - - - - - oo oo 12.1 5.2 4.8
Southeast_- =5 20.1 7.4 6.9
Southwest. 10.2 4.3 4.1
Middle Sta 8.1 3.9 3.8
Northwest 6.6 3.4 3.4
Far West. oo oo eee 6.0 3.0 2.6
United States - - ool —o_ooo 10. 4 4.6 4.4

SOUTHEAST REGION HAS GREATEST NUMBER OF PERSONS
PER VEHICLE

Tt is evident that though since 1921 there has been a
relatively greater increase in the number of vehicles in
relation to the population in the Southeast than in any
other region, it still is considerably higher than the
country as a whole in persons per vehicle. Judged by
this criterion alone, the Southeast may be thought of
as the region where potentially the greatest percentage
increase in vehicles may occur in the future.

Tt is significant that all of the 11 States having over
6 persons per vehicle were in the Southeast region.
In Florida, the only other State in this region, the
number of persons per vehicle in 1938 was lower than
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FiGuRE 5.—NUMBER OF PErRsoNs PEr REGISTERED MOTOR-
VeHICLE BY REGIONS, 1921-38.

the average for the country. The lowest States in this
region were Florida with 3.9, Virginia with 6.1, and
Louisiana, North Carolina, and South Carolina each
with 6.5 persons per registered motor vehicle. The
nearest approaches to these figures in any other States
were Massachusetts with 5.2, Pennsylvania with 5.1,
New York with 5.0, and Missouri and Oklahoma each
with 4.8 persons per registered motor vehicle. These
conditions for Oklahoma and Missouri may be ex-
plained on the basis of the economic similarity of large
areas and of large sections of the population in those
States to adjacent Southern States. The high degree
of urbanization of Massachusetts, New York, and
Pennsylvania with an accompanying decrease in the
economic utility of a car for large portions of the popu-
lation and the presence of large economically depressed
coal-mining regions in Pennsylvania provide at least
partial explanations of the figures for those States.

Comparison of the State motor-vehicle-registration
data for the years 1929, 1930, and 1931 reveals that the
peaks of registration during that period were reached
at different times in different States. With the excep-
tions of Montana, North Dakota, and Oklahoma, no
western State reached its peak in 1929. On the other
hand, of the 10 States which had their greatest regis-
tration for the period in 1931, 4 were in the West.

In a study of trends in motor-vehicle registration,
however, it 1s more significant that in 11 States regis-
trations in 1938 were less than in the peak year of the
1929-31 period and that of these, only Massachusetts
and the District of Columbia have had in at least 1 year
since 1931 a total registration which exceeded the peak
year of the 1929-31 period. Table 3 shows the States
where such conditions existed for passenger cars, for
trucks, and for all motor vehicles. Though the in-
creases in car ownership since 1934 have been con-
siderable it is significant that in almost one-fifth of the
States, representing 10.6 percent of the registrations in
1938, motor-vehicle registrations had not yet regained
the peak reached during the 1929-31 period.

Whether recovery in registrations is only delayed in
those nine States, or whether the 1929-31 peak will
remain an all-time high or will remain unequaled for
several years in at least some of those States is depend-
ent on many national economic and demographic
factors. Six of the nine States recorded their greatest
registrations since the 1929-31 period in 1937, but the
post-depression high was reached in Nebraska and South
Dakota in 1936 while the registration in North Dakota
was greater in 1938 than in 1937.

TABLE 3.—States in which registrations since 1929-81 haye py
reached those of the peak year of that period

Passenger cars Trucks All motor vehicleg
Arkansas. Delaware. Arkansas.
Towa. Michigan. Towa.
Kansas. New Jersey. Kansas.
Massachusetts. New York. Mississippi.
Mississippi. Ohio. Nebraska.
Nebraska. Rhode Island. North Dakota,
North Dakota. Oklahoma.
Oklahoma. South Dakota.
South Dakota. Vermont.
Vermont.
10 S
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F1GURE 6.—NUMBER OF PERSONS PER REGISTERED PASSENGER
Car BY REGIONs, IN 1938.

SOUTHWEST REGION HAS SMALLEST RATIO OF PASSENGER
CARS TO TRUCKS

Some further indication of regional characteristics
may be brought out by a comparison of the ratio of pas
senger-car to truck registrations in the several regions
Table 4 shows the results of that analysis by regions for
1921, 1930, and 1938. The comparison in table 2 of
persons per registered motor vehicle only does not
present a complete picture of vehicle ownership char-
acteristics by regions. One reason for this is that the
relative ownership and use of trucks varies considerably
in different parts of the country, particularly among the
agricultural population. In some areas trucks servs
both for the usual hauling purposes and also for trans
portation of persons. In other areas, the use of trucks
is restricted more to the hauling function. Figure §
shows for 1938 the persons per registered passenger cal
in the several regions. This chart indicates a generil
similarity between passenger-car and total motor-ve

TaBLE 4.—Ratio of passenger cars to lrucks by regions

Registration years
Region
1921 1930 1938
Northeasbatssta: Sime S iie S ik o claein i 6.5 6.2 f;g
Southeast.-... 2 7.8 6.4 i
Southwest ... 12.5 6.2 7l
Middle States 8.7 7.0 h
Northwest... 12.1 6.3 é
Far West.__ 11.8 7.7 6.
United!Statest v TR IR IR 8.5 6.6 60|
|
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1 have ny hicle registrations by regions, with the Southeast show- of passenger cars to trucks was higher in 1938 than in
ing the highest number of persons per passenger car both 1930 and 1921. No explanation of ’obis condition
ZMT, and the Far West the lowest number. is immediately apparent though registration practices
— Table 4 shows, however, that there is a considerable | may have had considerable effect.
: Jifference between the ratio of passenger cars to trucks In addition to the 29,485,680 privately owned pas-
in the Middle States and in the Southwest. The | senger cars and trucks registered in 1938, there were
Di. observed characteristic of the Middle States is prob- | also in operation 109,761 Federal motor vehicles and
ot ably due in large part to the relatively high owner- | 257,469 State, county, and municipal motor vehicles.
oo ship of passenger cars in connection with the automo- | These figures, shown in table 5, represent a 4.7 percent

tive industry In Michigan and adjacent States. In increase in Federal vehicles and an 11.3 percent increase
contrast, the low ratio in the Southwest probably | in other publicly owned vehicles in 1938 over 1937.
= indicates the more general use of trucks for purposes | This tabulation also illustrates strikingly the inade-

for which passenger cars are used in other areas. | quacies of present registration practice in the several
ﬁ Conditions in the Southeast and Northwest are also | States. In some instances publicly owned vehicles are

apparently somewhat similar in this respect to those in | included with those privately owned; in others no
the Southwest. record is kept of such vehicles at all; and in still others
ol Tt is particularly surprising to note the condition in | there is no segregation between Federal vehicles and
the Northeast. It is the only region where ‘the ratio | those owned by the States, counties and municipalities.

TasLE 5.—Publicly owned vehicles in the United States in 1938 1

1 Federal 2 State, county, and municipal
|
Motor vehicles Motor vehicles
State Trailers Trailers
Passenger motor vehicles| Motor and | Motor-| Total |Passenger motor vehicles| Motor and | Motor-| Total
trucks, | Total | semi- | cycles vehicles trucks, | Type | Total | semi- | cycles vehicles
tractor | motor |trailers tractor | not re- | motor | trailers
Auto- | Motor | mgtq) trucks, | vehicles Auto- | Motor | mgta) trucks, | ported |vehicles
é mobiles| busses ete. mobiles| busses ete.
’ 440 13 453 1,539 | 1,992
/ 496 73 569 | 1,805 | 2,374
4 270 8| 218| 1,789 | 2,087
%! 1,121 71 1,192 | 6,347 | 7,539
FAR 331 23 3gg 1,957 | 2, 34';
1 590 65
WES Bl 5 1| = 312
1 35! 1,428 | 1,787
P ASSENGER 582 39| 621 | 2,044 | 2,665
134 3 137 | 1,404 | 1,541
507 9 516 | 2,801 | 3,317
192 1 194 | 1,437 | 1,631
SENGER 187 1k 188 | 1,224 | 1,412
230 2 232 1,272 | 1,504
277 3 280 | 1,291 1,571
B0 413 16 429 | 1,398 | 1,827
vcteristics iy ! ‘1;%8 432 | 562
2 1,966 | 2,366
,io of pas- Massa 4(2)§4 20 448 | 2)269 | 2717
ichigan__ 3 5 309 | 2,233 | 2,542
4 TORiONe Minnesota 305 3| 38| 2111| 2500
ogions for Mississipp 174 18| 02| 1,283 | L47s
able 2 of Missouri... 317 15 332 | 1,753 | 2,085
do e 21 3| | “es| tim
3 9
0es 141 5| 146| 550 | 696
hip char- B ikl e
1 271 | 2,492 )y 763
 that the 57 12| 9| T7o9| 2178
lederably 919 36 955 | 4,674 | 5,629
h 380 13 393 | 1,788 | 2,181
mong the 1ot THE s b 758
00 | 2,076 , 476
ftfks Serve ggg 23 527 | 1,908 3435
- 345 | 2,476 , 821
ol trans Pennsylva; 482 5 487 49 3,983
3,496 3
of trucks Riode sland. 43 12 55| 4 0
. ou arolina _ 245 17 262 | 1,308 | 1,570
Figure 6 South Dakota 208 13| 21| ro| L4
senger cal E T e R 369 | 1:799 | 2,168
eNE a7 Texas.__ 1,193 337 1,206 | 4142 | 5,
a generi 33&5}1 5 265 3 268 | 1,490 [ 1,758
V- e 126 2 128 520
motor-ve Virginia 408 2| 50| o781 | 3,21
ashington 603 5 608 | 2,607 | 3,215
: Wi I 148 2 150 | 1,038 | 1,188
2gions Wlscon‘sm‘ 267 3 270 2,030 | 2,300
D.Ym,mﬂg—. : 205 4 209 | 1,091 | 1,300
— Aéslt;;ct t;f Columbi: S 354 7 361 901 1, 262 1,344 (61,2
5
on years O oo 1,000 9| 1,090 | 4,272 | 5371 45 10 | 5,426 |------- \
e momalbeit ¥ o7 | ot | 15,018 | o1, 143 (109,761 | 2,564 | 799 113,124 | 50,284 | 22,200 | 72,574 \117, 239 ’ 67, 656 ]257, 469 ‘ 8,610 | 8,081 | 274,160
0 1038
[ 1 Because the 2 parts of this table were obtained from different sources, and the State, county, and municipal figures contain some duplication of Federal vehicles, totals

§ of 5121 publicly owned vehicles are not given. Data given in this table are included in condensed form in table State Motor-Vehicle Registrations, 1938.
§ OﬂicesThls information was obtained by the Procurement Division, Department of the Treasury, by means of a circular letter addressed to all departments and independent
c tS.’I‘}us information, compiled from reports of State authorities, is incomplete in many cases. Some States give State-owned vehicles only; others exclude from registration
oI ?m classes, such as fire apparatus and police vehicles.
: i\lot reported. Included with private and commercial registrations in table State Motor-Vehicle Registrations, 1938.
| 3 Igcludes unknown number of Federal vehicles.
e o0l : cludes 405 automobiles of the diplomatic corps.
Includes 2,314 War Department vehicles operated in military reservations, arsenals, etc., but not distributed to State of domicile.
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EZZZ3  12.01- 16.00 DOLLARS PER VEHICLE
MORE THAN 16.00 DOLLARS PER VEHICLE

[ 8.00 DOLLARS OR LESS PER VEHICLE
EZZ3 8.01-12.00 DOLLARS PER VEHICLE

FI1GURE 7.—CLASSIFICATION OF STATES ACCORDING TO AVER-
AGE MoTor-VEHICLE REGISTRATION FEES IN 1938.

Consequently, the data of table 5 serve only as an
indication of the extent of public vehicle ownership and
should not be considered a definitive tabulation of
publicly owned vehicles in the United States in 1938.

STATES RANKED ACCORDING TO REGISTRATIONS AND FEES PAID

The Administration’s statistical table State Motor-
vehicle Receipts, 1938, published in the June 1939,
issue of PusLic Roaps, revealed a slight decrease in
total collections from those reported for 1937. Re-
ceipts of registration fees rose from $328,285,000 in
1937 to $330,866,000 in 1938, an increase of 0.8 percent;
but reductions in other receipts, including those from
operators’ and chauffeurs’ permits, certificates of title,
and transfer or reregistration fees, caused the total
receipts to fall from $399,613,000 in 1937 to $388,825,-
000 in 1938, a decrease of 2.7 percent.

While it has been observed that there are rather
general regional patterns of motor-vehicle ownership
in the several States, such patterns are not so marked
in the case of motor-vehicle receipts. Figure 7 shows
the grouping of States by various average registration
fees paid and indicates that a general pattern compar-
able with that of figure 3 is not apparent. In general,
the lowest average fees are charged in the Western
States but the Eastern and Southern States of Georgia,
Kentucky, Massachusetts, and South Carolina are in
the lowest group and Georgia collects the lowest aver-
age fee of any State. These data are presented in
more detail in table 6 for passenger cars and trucks as
well as for all motor vehicles. It will be seen that
average passenger-car fees range from $2.74 in Georgia
to $18.12 in Vermont, that average truck fees range
from $6.56 in Georgia to $63.48 in Vermont and that
average fees for all motor vehicles range from $3.39
to $22.81 in the same States.

The figures for Vermont are not truly representative
because the lighter trucks are included in the passenger-
car registrations, thus raising the average of those fees
in comparison with other States. This illustrates
another of the weaknesses of existing registration data
when comparisons such as these are desired.

Table 7 shows the ranking of the States in 1938 in
registrations, in gross receipts from motor-vehicle
license fees, in average motor-vehicle receipts per
vehicle, revenue from the motor-fuel tax, average motor-
fuel tax receipts per vehicle, and average motor-vehicle
and motor-fuel tax receipts per vehicle. It will be
observed that there is apparently little correlation

between the ranking of the States according to numbg
of vehicles registered and according to motor-vehicly
registration receipts. This is to be expected, of cours,
because of the wide disparity in registration fees churged
in the several States.

TaBLE 6.— Average registration fees per vehicle in 1938

' Averagef
S Passenger Motor gefor
State vehicles ! tracks | 8l motor
vehicles
e —
,,,,,,,,,,,,,,,,, 19,1
.7 s
9.43 g
7.68 5
5.65 6.1
7.63 9,65
11.33 3.6
11.46 137
2.74 55
14.93 6.4
8.95 L1
7.43 8%
12.94 5.1
5.34 6,03
L 4.98 .1
Louisiana. 11.80 12,00
Maine.- 12.32 13.85
8.72 9,06
3.71 4.88
9.93 12.64
9.77 10.75
,,,,,,,,,, 1834
9.86 9.8
6. 54 6.8
3.63 5.4
5.02 6,38
,,,,,, e 18.19
New Jersey_..- 5 11.28 30.33 13.80
New Mexico c 10.66 | - 20. 41 12.01
= 14. 02 36. 17 16,80
8.92 36. 24 12.7
7.60 10. 01 8.00
________ 8. 66 42.24 11.%
5.99 18. 66 8.2
_____ 5.12 17.97 .2
11. 06 34.88 14.02
Rhode Islan 2 1157 25.19 13.13
South Caroli 1 2.97 14.13 4.5
South Dakota- 5 - 8.93 7.86 g ;g
9.76 21.14 12.00
4.76 20. 58 7.2
18.12 63. 48 22.81
10. 94 20. 08 12,34
L2 3.16 13. 20 4.7
West Virginia_ = 15. 08 23.22 16.41
‘Wisconsin. - 5 13.32 22.00 147
Wyoming . _._. 5.70 10.92 .83
District of Columbia == 8.18
Average for United States. ... __..___.___ 2 29.25 222,66 1.2

1 Includes automobiles and busses. In some States busses are registered with
motor trucks. In Alabama, Mississippi, New Hampshire, Tennessee, and the
District of Columbia, no classification of registration fees by types was available.

2 Excluding those States for which no segregation of fees was available.

Tt will be noted that the average receipts from motor-
fuel taxes vary much less than do receipts from motor-
vehicle registration fees. The maximum is the $54.92
average for Florida where the State tax is 7 cents per
gallon and a large amount of gasoline is used by non-
residents. The latter fact, particularly, causes certamn
of the State figures—based on registrations—to be in-
flated when compared with data for other States. The
lowest collections per vehicle were in Missouri, North
Dakota, and the District of Columbia. The first and
last of these can be explained by the 2-cent gas tax in
effect, while in North Dakota the refund procedure
followed acts to reduce the average tax collected per
vehicle. California, Iowa, Kansas, and Michigan, all
with motor-fuel tax rates of 3 cents per gallon, also
received less than $20 in motor-fuel taxes per vehicle.
The remaining five States with 3-cent tax rates all
collected less than $24 per vehicle in motor-fuel taxes
and of these, only two—Massachusetts and New
Jersey—collected more than $21 per vehicle from such
taxes.
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TapLE 7.—T otal motor vehicles registered, State registration fees, motor-fuel taves paid, and averages per vehicle, in 19381
NumFer gf ’I‘og;alt Average
registere receipts State
i Average Average
pralgs(ilte ér&r& State Revenue State ‘%%tl%‘ié
dtate commercial| Rank of | motor- | Rank of %%ti‘gé Rank of gt%?;:a Rank of Iﬁl&tg;; Rank of and Rank of
3 passenger State vehicle State receipts State Gtor State receipts State motor- State
bcarz,s :gmstraé pexl-) Rl e e fuel tax
usses, ion an H AN receipts
e GHHEE vehicle vehicle = e{'
trucks fees vehicle
/’/ o = ¥
1,000 1,000
dollars dollars
301, 990 30 4,314 24 $14.28 19 13, 579 $59. 25 4
128, 791 41 1,076 46 8.35 38 4,243 41.29 22
220, 391 33 2, 908 31 13.19 23 10, 092 58.98 5
2, 510, 867 2 23,930 4 9. 53 34 47,117 28. 30 45
332,774 28 2, 544 34 7.64 41 7,465 30.07 44
440, 335 20 6,611 16 15.01 15 9, 242 36. 00 32
64,078 47 1, 216 44 18.98 5 2,073 51.33 11
423,021 22 6,432 17 15. 20 14 23,232 70.12 1
432, 360 21 1,974 39 4. 56 48 19, 633 49.97 12
137,851 40 2,380 36 17.27 10 4,085 46. 90 15
1,780, 865 5 21, 591 5 12.12 26 36, 888 32.83 42
922, 788 9 9, 635 11 10. 44 33 22,770 35.12 36
740, 021 14 11,797 10 15.94 12 13,234 33.82 39
573, 985 15 3,823 27 6. 66 44 10, 168 24.37 47
414, 207 23 4, 599 23 11.10 29 12, 531 41.35 21
Louisiana. 326,199 29 4,802 22 15.00 16 16, 627 65.97 2
Maine. - 196, 690 35 3, 582 28 18.21 5, 558 46. 47 16
Marylan 395, 347 26 5,069 21 12.82 25 9,929 37.93 28
Massachusetts. 843, 789 10 6, 759 15 8.01 40 20, 194 31.94 43
Michigan_ - - 1,408, 835 7 20, 856 6 14.80 17 27, 683 34.45 38
Minnesota. - 821, 241 13 9,377 13 11.42 27 19, 570 35.25 35
Mississippi- 215, 195 34 4,001 2% 18. 50 6 10, 181 65.90 3
Missouri- 837,118 12 9, 439 12 11.28 28 11, 636 25.18 46
Montana.. 171,326 38 1. 546 42 9.02 35 4, 45 35.01 37
Nebraska- 407, 330 24 2, 442 35 5.99 46 11,139 33.34 41
Nevada. - 38,424 48 265 48 6.90 43 1, 202 38.18 26
124,379 43 2,711 33 21.80 2 3,208 48.31 14
New Jersey - - 1,000, 684 8 20, 204 8 20.19 3 22, 362 42, 54 20
New Mexico. - 116, 537 44 1,643 40 14.10 20 4,090 49.19 13
New York. . 2, 584,123 1l 47,124 1 18,23 7 66, 195 43.85 18
North Carolina_ 537, 242 16 7,211 14 13.42 22 24,308 58. 67 7
North Dakota__. 174, 256 37 1, 523 43 8.74 36 2,318 22.04 48
(Ohjpszagsas = 1, 870, 249 4 27, 204 3 14. 54 18 45,982 39.13 24
Oklahoma.. 535, 399 17 5,779 19 10.79 31 13,910 36.77 30
Qregon....-- 357,321 27 2,922 30 8.18 39 9, 838 35.71 34
Pennsylvania 1,976, 466 3 34, 513 2 17.46 9 52,001 43.77 19
Rhode Island .. . 168, 888 39 2,778 32 16. 45 11 3,495 37.14 29
South Carolina._ 287,913 31 1,633 41 5.67 47 11, 462 45.48 17
South Dakota._ 180, 632 36 1,983 38 10. 98 30 4,102 33. 69 40
Tennessee.- 398, 624 25 4,173 25 10. 47 32 19, 231 58.71 6
Texas. - 1, 548, 343 6 20, 263 7 13.09 24 42,747 40.70 23
Utah..__ 127, 004 42 1,097 45 8. 64 37 3,478 36.02 31
Vermont 87,402 45 2,365 37 27.06 2, 530 56.01 8
Virginia. 441,462 19 6,134 18 13.89 21 16, 621 51. 54 10
Washingto 523, 328 18 3,262 29 6.23 45 15,431 35.72 33
West Virginia. 275, 691 32 5,498 20 19.94 4 , 397 54.03
Wisconsin..... 840, 291 11 13,001 9 15.47 13 19, 447 38. 61 25
Wyoming.____ 80, 765 46 601 47 7.44 42 2,478 28.12 27
District of Columbia_ 162,863 |---- = 2 145¢ | EE=Erst ees S by b e 2,520 O (i e s
Hosibotalss e o 29, 485, 680 |- 388, 825 |- -oomeev To810] | | mmes | ‘ 39.36 l ..........
1037 ttalS. - eeeemmmae 29,705,220 |---- 399,613 |- | mas| . 761,998 |----- 2 g
Increase or decrease. -------- —219,540 (—0.7 per- —10,788 (—2.7 percent on total) 9,766 (1.3 percent on total) l -(t)lt I;ercent on both
cent) otals

1 This tabulation is based on tables, State Motor-Fuel Tax Receipts, State Motor-Vehicle Registrations, and State Motor-Vehicle Receipts, 1938.

The figures in table 8 indicate that although motor-
vehicle receipts in 1938 were well above those collected
in 1930, the peak year of the 1929-31 period, receipts
dropped much more rapidly after 1930 and again in
1938, than did passenger-car or truck registrations. In
contrast, the percentage of increase in receipts in 1937
was much greater than the percentage of increase in
registration of passenger cars or trucks.

WESTERN STATES HAVE LOWEST REGISTRATION FEFS

It has been noted that motor-vehicle registrations in

1938 in 11 States were less than during the peak year of

the 1929-31 period. In the case of motor-vehicle
receipts this condition is even more pronounced, for 25
States in 1938 collected less from motor-vehicle im-
posts than they did in the peak year of the 1929-31
period. This included 3 of the 4 States in the Far West,
Oklahoma and Texas in the Southwest, all but Colorado,
Idaho, and Utah in the Northwest, 6 of the 12 States

in the Southeast, only Connecticut, Massachusetts, and

Vermont in the Northeast, and all but Tllinois, Indiana
and Ohio in the Middle States.

Many of these decreases are due to changes in basic
registration rates since 1929 and a shift from registration
fees to increased motor-fuel taxation as a source of funds
for the support of highways. While the trend is not so
pronounced today, there is some indication that for the
present the general movement for lower registration fees
is over, even though legislatures in several States during
recent sessions considered various bills embodying
downward revisions of registration fees for passenger
cars. Since average registration fees in the different
regions vary by almost 100 percent, it is reasonable to
expect continued agitation for revision in the fees
charged.

Table 9 shows that the average registration fees
range from $7.11 in the Northwest States to $13.46 in
the Northeast States. This regional comparison bears
out the indications of figure 7 that the lowest average
fees generally were collected in the Western States.
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TaBLE 8.—Comparison of changes in registrations and motor-
. vehicle receipts, 1921-38

Increase or decrease in i
motor-vehicle re- | Increase or decrease in
ceipts from previous registration of—

Year year

Passenger

cars ! Trucks

Amount Percent

Percent Percent
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! Includes busses.
2 Less than 0.1 percent.

above the average amounts collected in 1921, the
greatest increase being in the Southwest, amountip
to 35 percent. Much of this increase is due not tg
changes in registration fee schedules but to additiong]
charges levied on motor-vehicle owners since 1921
For example, the licensing of operators and chauffeurg
and the collection of fees therefor is much more wide.
spread today than in 1921. Other charges such g
fines and penalties and certificates of title and transfer
fees, individually small but providing considerabl
sums of revenue, are included in the total of motor.
vehicle imposts.

TABLE 10.—Average regisiration fees and other motor-vehicl
imposts per registered vehicle, by regions, in 1921, 1930, and
1938

Average fee in—
Region
1921 1930 1938
Northeast__. 22l $18:82 $16. 80 $16.70
Southeast_ _ S 12.18 16.24 12,58
Southwest.. = 9.13 10. 66 12.3
Middle States. 11.37 12.42 13,8
Northwest.__ - = 8.13 10.17 8.21
FAnEYV estEsEEuss Sl s 12.48 9.84 8.8
UnitediStatesstEosalutain aortny e e 11.71 13.40 13.19

TABLE 9.—Average motor-vehicle regisiration fees by regions, 1938
: Average regis-
eelon tration fee

Northeastissmsesoom i ana, o o anas $13.46
Southeast_..___ 10. 96
Southwest_.___ 10.92
Middle States_. 11.75
Northwest 7.11
Far West---.__ 7.69
United States.-.........__. 11.22

Table 10 gives the average registration fees and other
motor-vehicle imposts collected in the several regions
in 1921, 1930, and 1938. Differences in classification
make it difficult to compare these regions satisfactorily
for different years on any other basis than that of total
motor-vehicle imposts collected. In many States,
records were so maintained in 1921 that segregation of
fees by types of vehicles as well as by miscellaneous
types of fees could not be obtained. Unfortunately,
for desirable comparisons which might be made, this is
still true for many States.

The comparison in table 10 of average motor-vehicle
imposts by regions in 1921, 1930, and 1938, indicates no
pronounced trend in the average amount of such im-
posts collected since 1921. In all regions except the
Far West, the average amounts collected in 1938 were

Analyses of motor-vehicle data will be materially
aided when more uniform methods and classifications
are adopted by the several States. At present, busses
are sometimes included with passenger-car registrations,
sometimes with trucks, sometimes shown separately;
and the segregation of such registrations at the end of
the registration year is usually not economically
practicable. Similar conditions exist with reference
to certain types of trucks registered with passenger
cars and with reference to certain types of commer-
cially operated passenger cars registered with trucks.

There has been marked improvement in registration
practice in recent years as far as the segregation of
vehicles by types is concerned but much improvement
is still possible in the segregation of registration fees
by types of vehicles. Table 6 indicates that in five
States no segregation is possible. Moreover, the re-
ported segregations are believed to be of doubtful
accuracy in other States. However, analysis of the
existing data, unsatisfactory as they are in certain re-
spects, makes possible the general observations and
conclusions noted in this discussion and suggests that
further study of social, economic, and demographic
factors in the United States will reveal other impor-
tant relationships to motor-vehicle statistics.

HIGHWAY RESEARCH BOARD WILL MEET IN DECEMBER
The Nineteenth Annual Meeting of the Highway Research Board of the National Research Council will be

held in Washington, D. C., Tuesday to Friday, December 5-8, 1939.

Reports on highway research investigations

will be presented, and the formal meetings of the Board will be supplemented with open meetings for informal

discussion of pertinent topics.

A program of reports will be announced by the Board about November 1.

October 1939
T
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STATUS OF FEDERAL-AID GRADE CROSSING PROJECTS
AS OF SEPTEMBER 30, 1939
COMPLETED DURING CURRENT FISCAL YEAR 'UNDER CONSTRUCTION et APPROVED FOR CONSTRUCTION
NUMBER | BALANGE OF
Fotimated, Federal Aid Lot Federal Aid Rtires Federal Ald SROILETS
# 491,450 $ 479,159 Y1 $ 767,612 $ 766,084 12 $ 32,908 $ 32,700 & 826,692
Altben 42 518,061 515,813 6 209,120
Arkansas 189,891 189,891 3 68,938 68,938 | 1 639,990 633,485 sl 26
ifornia 398,219 398,219 B 2381, 1,383, 1 137,560 137,560 1,165,815
Golorado 309,307 309,305 3 n 306,992 306,992 2 kg, 514 4y, 754 791,132
Connecticut 172,722 161,008 1 jii jrsil e HEN gR0
o 9,150 9,150 2 2,320 2,320 1 513,891
Plogiaa 643,232 642,396 4 7,800 7,800 2| 1,016, 2%
Sean 56,530 56,530 3 370,750 370,750 4 315,346 315,346 | 5] 3 2,123,395 |
Idaho 314,192 282,961 I3 1466, 886
Illinois. 1,580,055 1,579,195 8| 2| 29 2,073,480 1,950,092 1 2liiiay 131,050 105,955 37 2,051,037
6,90 316,903 2 45| 680,850 | 680,850 1] 25 513,91 13,91 ,1_&%2
o 313,878 295,800 1 1 1.532 il 161,00 10 686, 2,800 1 168| ~ 1,003,0
Kansas Lok, 329 4ok, 329 4 943,832 943,832 1 237,831 237,831 H 897,466
EnnIC 149,212 149,212 3 2 626,864 626,864 2 630,607 630,607 | 515,950
o 122,838 122,83 | 2 190,9 0,989 851,161 597,659 | 12 J89
Maine 264,771 264,771 2 2 271, 0f 271,066 1 236,310
Marylind 24,510 | 15,402 _ 275,795 | 179,002 2 46,200 | 46,200 | 13 986,891
Massachusetts 33.2522 m.g 8 e 251,301 50, 3 14,320 14,320 1 ‘.7”.‘*%:2
Pt 19k, b 194,426 2 977,150 977,150 il 310,220 310,220 2 39 1,513,7
mesis 163,676 163,646 filis 1,222,692 | 1,202,501 74| 853 192,473 1914 3 fefb
Mississippi 11,373 11,373 8 31,300 37,300 1 ‘ 889,528
Missouri 65,589 6k, 284 1 1,197,536 | 1,197,536 4/h 775,239 710,060 3B 1,338,080
Montana y; 0 439,450 4 624,130 09,049 g —

S 28,181 481 1 1,124,38 7,12%,38 Y] 149,270 149,270 M| 637,289
Nevada 122,064 122,064 1 1 2] 1 7 11,517 11,577 5 113,530
ew Hampshire 15,305 15,305 3 1 5 | 51,831 51,837 2 07,56
New Jersey 2i[FFe3) ey 1,139,345
New Mexico 59,805 59,805 2 2,572 2,572 682,071
New York 809, 800 807,450 L 1| 9 42 400,813 | SR 1419, 90;
Nt Gotollon 2l 506,21 ¥ 16 9 & 186,930 186,930 1 43 675
North Dakota ;3?,‘0% ;ﬂ?'% i i 515.920 5;5.960 W 391,201

B i 60 | o1 10 39,920 590,730 901,510
Oklahoma 7,055 266,955 2 32 3 10 220,700 207,900 2| 1 8| 2,014,297
ceenigi, | 21,689 21,689 1 . 135,740 ‘133.1:0 2 : 311,060
5 702,857 9k, 3 1 2 218,923
el Tl EEl of i 2 s Torsan
uth Carolina & A 1 2,2 262,2 2lliiie 80,
South Dakota 67.040 1 1 y 2| 10| 1;1‘5;3 47, ;;’g 1 2 1 Zna ?3"
Tennessee 73,600 73, 1 [E iAo 179,620 179,620 1] 2] 1,326,5k
Texas 726,135 725,800 G|, 21 20| 2 572,319 503,830 4 26| 1,911,733
82 82,650 2 20 1 45 213,310 213,310 19 5,910
e 1;2";2 ";‘;.5%2 z 6 1 ns,shg ns,ghg HE 199,307
nia o i 1 T 2 5 109, 25! 109, 251 1 23,
Fasagon i | B sr‘} 5 sl st LY szee | Gouge 1l 2% éi?z‘
West Virginia B B 318,27 1 2k, 200 2, 1 3 958,
Wisconsin 335,448 334,617 5 1 1,145,011 0 1] U 341,541 336,847 g2 0, 82
e 30'626 — . £ s e§§ 5‘53 : %, %00 %, %o : ziﬁ lég_
istrict of Columbia 1868 1 3 2 H00 1918
:..‘t':‘é.?mfw i Egd&) 33.320 ' 1 1 132,850 3 ! 1 59,1450
ertn Rio ,040 ,8Y%0 1 305,312 343,310 8
TOTALS 10,083,599 | 9,999,028 | 97| 26|203| 32,512,351 | 31,461,977 | 282 | 52|159| 10,135,697 | 9,451,017 | 66| 25|613| 50,269,670
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AS OF SEPTEMBER 30, 1939

STATUS OF FEDERAL-AID HIGHWAY PROJECTS

STATE

COMPLETED DURING CURRENT FISCAL YEAR

APPROVED FOR CONSTRUCTION

BALANCE OF

Fourdsh Bohrtek Botrdsk GRAMMER PROJ
A $ 1,419,026 8,239,554 $ 520,090 # 2,683,476
Arizona 32 i 1,879,258 709,475 ,668
Arksnms 1,766, 1,685,701 . 8,631 1,696, %
R ,105,120 2,654,076 1,558,518 154,770
ol 1,013,767 3,608,403 220 31730005
Connecticut 1,880,711 176,447
B 56,831 1,311,331 208,316 1,018,
e : ‘Eé'% g.sa}.hw 526.?3 2,500,284
Idsho 1,337,479 1,378,889 33,689 1 1,092,
Tllinois 2,027,248 9.275.17 2,257,930 59.8 2,782,680 ~
028, 266 6514, 83! 6k 22,1 2
1,097,129 5,803,838 2glt, 982 9.7 935,894
Eanos 1,326,145 3,438,215 2,631,828 137.9 4,182,783 o
Kentucky 1,324,019 12.2‘2 gi 8kt éso 23,1 azz &
& ,212, 1,289,631 31.3 2,596,998
Haine 1,151,29 1,687,170 23,360 -5 322,7 =
Meryland ;529 2 Sl 7 8.3 1 qu 410 o
Moauch 1529, 8 1,737,109 12.1 2,482,0 |
Michigmn 1,605,321 4,687, 281 1,114,810 2.4 2,780, || =
— L s : 22 g
ST o s 458 933,100 21, 2,151 1
Mississippi. i 2 101y, h
Missouri 1,124,969 14,832,386 2,883, 26; .8 Y, |Eh
Montana 272'“; 2 i 2 6‘2 g Y ;q 'y Y, éhz'oxg =]
= s ,752,521 1,646,619 191.8 2,675,130 th
Nevada 927,829 709,242 , 491 17.0 2568
New Hampshire ' 156 038 ﬁ.g’% 033 8 ;\?Q gu
Ly 538,290 Y028, 818 459,8 2.2 1,808,846
New Mexico 891,754 888 1,226,520 259,102 31.1 1,372,235
New York 3,361,580 114 21,591 13,440,309 | 2 31.7 1.3;1.;35
G 1,728,670 862,255 7,000,203 a 395,7 21,1 1,525,401
North Carolina
North Dakota 87, 46,736 325_%2 + 2,201,260 2uh. 7 3,372,887
1,149,720 574,860 10,001, 471 24 246, 7 22,5 6,386,
TR 708,559 HER 2,895,525 2,230,520 0.9 3,240,
Oregon 807,310 0, 2.270.31& 1,220, 19, 1,352,271
Foimeylyaiie Z.;go l.f g. > 9._55.3;;6 2 893 32.. 3.326.9’18
5 517,7 1521 K 10,008
Sonde &t 170580 516,200 1,716,134 2301200 o 2357197
South Dakota +570,02! 861,560 3,749,8 2,095 1,075.1 113. 3,178,828
TR ~ 618,580 309,290 1,023,8 2,0 158,698 B 1,246,863
Texs ?.3_5{;.839 2.835.215 !‘3.&‘01.2:9 4,260, 2,037,596 97. s.ozs.gw
2075, g 2250 L, 0 1,0 128,325 zx }z
TR 3,111 7,281 210,9 1 164,000 15, 11!
Virginia 1,125,870 560,870 2,919,747 1,4 681,457 1,000,657
1,410,072 800 2,297 1.1 1,450,676 722
West Virginia 3 g,ég;} 5 m-;gg ;;32?5 ; 2 856,711 ‘1.219. ;65
fsconsin 342, 8 2346, y o1 1,637,610
Wyoming 716,787 44,071 56 1, 71 K
District of Columbia 139,685 i g;-‘f‘o 25;-%?3— 259,438 <
Puerio Rico ¥ 11267°819 1_‘5%.“; 1,051,180 £
TOTALS 62,615,080 205,941,330 51,633,767 111,604,938 =
=z = = = = = = = SRR a2 = =
EEsE o e se o= S =583y L%8%¢x pe!
SO G e e O S o il sl S gl g gE BE aE R e & g & BE =
griEddepo o R DD R B e i e e S EE e o8]
m:wgggg‘}%mw el e B R s Gl i BE EE e BE e S EE . BB =
o ol Sl Sl o ol 5 ~ 5 e ? i 5 (&} =3 =3 =5 = =3 =5 = 2 S EE S
e 2 a s 3 Q, ONy S ® > ® o o o o o
T 5 288 Mo & & = o = =~ ~ ~ ~ ~ ~ i‘i 5 : O by o8 Q
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pUBLICATIONS of the PUBLIC ROADS ADMINISTRATION

(Formerly the BUREAU OF PUBLIC ROADS)

——

—

Any of the following publications may be purchased from
the Superintendent of Documents, Government Printing Office,
Washington, D. C. As his office is not connected with the
Agency and as the Agency does not sell publications, please
«end no remittance to the Federal Works Agency.

NNUAL REPORTS
Report of the Chief of the Bureau of Public Roads, 1931.

10 cents.
Report of the Chief of the Bureau of Public Roads, 1933.

5 cents.

Report of the Chief of the Bureau of Public Roads, 1934.

10 cents.

Report of the Chief of the Bureau of Public Roads, 1935.

5 cents.

Report of the Chief of the Bureau of Public Roads, 1936.

10 cents.

Report of the Chief of the Bureau of Public Recads, 1937.

10 cents.

Report of the Chief of the Bureau of Public Roads, 1938.

10 cents.

HOUSE DOCUMENT NO. 462

Part 1 . . . Nonuniformity of State Motor-Vehicle Traffic
Laws. 15 cents.

Part 2 . . . Skilled Investigation at the Scene of the Acci-
dent Needed to Develop Causes. 10 cents.

Part3 . . . Inadequacy of State Motor-Vehicle Accident
Reporting. 10 cents.

Part 4 . . . Official Inspection of Vehicles. 10 cents.

Part5 . . . Case Histories of Fatal Highway Accidents.
10 cents.

Part 6 . . . The Accident-Prone Driver. [0 cents.

MISCELLANEOUS PUBLICATIONS

No.76MP . . The Results of Physical Tests of Road-Building
Rock. 25 cents.

No. 19IMP. . Roadside Improvement. 10 cents.

No.272MP . . Construction of Private Driveways. [0 cents.

No.279MP . . Bibliography on Highway Lighting. 5 cents.

Highway Accidents. 10 cents.

The Taxation of Motor Vehicles in 1932. 35 cents.

Guides to Traffic Safety. 10 cents.

An Economic and Statistical Analysis of Highway-Construction
Expenditures. 15 cents.

Highway Bond Calculaticns. 10 cents.
Transition Curves for Highways. 60 cents.
Highways of History. 25 cents.

DEPARTMENT BULLETINS

No. 1279D . . Rural Highway Mileage, Income, and Expendi-
tures, 1921 and 1922. 15 cents.

No. 1486D . . Highway Bridge Location. 15 cents.
TECHNICAL BULLETINS

No. 55T
No. 265T. .

. Highway Bridge Surveys. 20 cents.

. Electrical Equipment on Movable Bridges.
35 cents.

Single copies of the following publications may be obtained
from the Public Roads Administration upon request. They can-
not be purchased from the Superintendent of Documents.

MISCELLANEOUS PUBLICATIONS

No. 296MP . . Bibliography on Highway Safety.
House Document No. 272 . . . Toll Roads and Free Roads.
Indexes to PUBLIC ROADS, Volumes 6-19, inclusive.

SEPARATE REPRINT FROM THE YEARBOOK

No. 1036Y . . Road Work on Farm Outlets Needs Skill and
Right Equipment.

TRANSPORTATION SURVEY REPORTS

Report of a Survey of Transportation on the State Highway
System of Ohio (1927).

Report of a Survey of Transportation on the State Highways
of Vermont (1927).

Report of a Survey of Transportation on the State Highways
of New Hampshire (1927).

Report of a Plan of Highway Improvement in the Regional
Area of Cleveland, Ohio (1928).

Report of a Survey of Transportation on the State Highways
of Pennsylvania (1928).

Report of a Survey of Traffic on the Federal-Aid Highway
Systems of Eleven Western States ( 1930).

UNIFORM VEHICLE CODE
Act I—Uniform Motor Vehicle Administration, Registration,
Certificate of Title, and Antitheft Act.

Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’
License Act.

Act I11.—Uniform Motor Vehicle Civil Liability Act.

Act IV.—Uniform Motor Vehicle Safety Responsibility Act.
Act V.—Uniform Act Regulating Traffic on Highways.
Model Traffic Ordinances.

A complete list of the publications of the Public Roads Ad-
ministration (formerly the Bureau of Public Roads), classified
according to subject and including the more important articles

in PubLic Roaps, may be obtained upon request addressed to
Public Roads Administration, Willard Bldg., Washington, D. C.
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STATUS OF FEDERAL-AID SECONDARY OR FEEDER ROAD PROJECTS

AS OF SEPTEMBER 30,1939

COMPLETED DURING CURRENT FISCAL YEAR "UNDER CONSTRUCTION APPROVED FOR CONSTRUCTION BATANCE OF
ABDPROI PRS-
A Ftimated Foterat Ald Mits Fatimated Federal AL Nites Fatimed Federal Ald i | CRAMEDFROK
$ 186,105 $ 91,750 13.7 $ 885,145 $ 354,900 22, $ 78,300 $ 39,150 6.3 $ 739,456
Alsens 56,191 ao, 2l 1.0 241,691 173,791 zza
Arkansas 328,755 324,677 39.7 266, 261,812 37.6 153,862 153.%5@ 17.6
3 151,277 85,519 7.1 31.2 219,07! 117,065 .9
ol 211,957 108,270 10.1 23.3 108,0 143,368 .2
Connectieut 2.9 108, 0t 37,810 .2
oy 80, zo.hzo 7. }z.s i "
i 123,817 1,550 3. o2 3 ,679
E N 168,617 83,378 21.0 38.3 165,599 | 82,800 22.3
Idabo 127,733 76,396 4.9 36.9 138,206 70,687 10.1
Tllinois 589,113 294,216 18.5 88.7 431,700 213,795 30.0
[ Tndina - | 200 150,100 25.8 64,1 130,9 65,163 9.7
i 24,095 11,069 22.9 31.1 738,581 346,825 107.6
Hoansas 7,806 3,903 6.0 38.6 411,02 210,292 Zg
Kerit diga| e - N R o AW
S 322,110 154,01 8.1k | 32.8 356, 361 154,721 29.
o 282,703 141, 280 16.2 1.8 19,700 ﬁ.sso 1.2
Maryland 197,291 g\o,gg 14.5 1.5 26; i | 4.1
101,519 50,435 2. 5.2 34, 15§.2§1 1.3 3
m*‘“ 273.390 132,202 10.0 110.% 342,108 171,054 26. 803,053
Minnesota | 281,968 12, 347 23.8 66.1 232,118 |  116,0 a1 | 1,051
o e o 176,500 8,250 6.8 k5.2 271,50 145,700 32.5 24,670
Vi 215,534 105,775 .2 85.8 553,987 225,340 62.0 554,866
Montana 111,91 63,475 10.8 35.3 1,970 35,149 6.9 835,112
o s, 212,802 8h. 1.5 380,221
N 160,777 139,268 6 18.1 51.23h 28,767 9.6 k2, 327
New Hampshire 61,156 29,708 096 111,620 53,835 3. 135,325
R 87,010 43,300 16.8 94,300 47,150 &, 507,278
New M 159,661 131.165 339,901 208,610 32.4 Flojee 1 .33: 26. 70,687
New York 1 997,052 93.8 269, 2! 6. 321,249
North Garolina 170,504 .27 965,730 U2, 865 bl 6,030 2,500 1. 326,205
North Dakota 115,030 61,601 148,770 79,717 10.9 819,207
Ohio 160 870 952__4@41%5 143, 236 118,000 7.1 4
okhar 73,190 32.9 3 217,19 115,568 1.8 501,355 266,763 32.8 906,171
Oreton 2‘61.3“ 1 .ac 554,456 282,952 3 35,921 16,820 3.0 291,366
Pennsylvania 1,578 177,647 656 @g.%a 7 45k, 542 271 15.1 221,317
Rhode Island 93,827 46,890 T 81,23 40,618 .2 36,060 18,0, RS 18,217
South Carolina 50k, 587 1690 19,320 34,379 8.2 330,400 142, 0l 2.2 20k,
South Dakota . A 2&6 1 ‘g 890 4.1 1,049,160
72, 197,110 1, 130,728 7.7 858,
e 1,448,151 2551 1,104,202 6,220 91.9 83,34 41,550 17.3 1,055,553
1:1 = z;:;g 2193 ;1:; 12.8 17,800 12,000 4,0 197,71
. s s s .8 2, 328
Virment 472,654 228,831 268,1 1 z,zzg 23.8 229,030 105,050 14,6 239.327
Washington 87,1 201, 383,574 201,118 29.1 103,829 53,400 1.2 211,%
West Virginia )’l‘og.;ag azf. g s;}.o! w.zg 165,676 82.:38 8.6 30,57
Wisconsin ) . 0,23 3 133 324,158 157,423 o »
Wyoming 402,460 248,61 2311 83 ncg 3 z 1h,1 111,531 gfﬂ 1 g g 562
A 14,50 L 79 al 109, 800 .1 11,529
District of Columbia
,660 4 205, 102, .6 179, 89, o4 A
B 2 i mprpl cowil . Mele, wiwle BB BT
‘TOTALS 13,341,928 6,832,812 1,135.3 25,003,375 12,264,696 1,744.6 10,279,603 ‘ 4, 854, 542 I 732.% 23,952,012
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