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GRANITE BLOCK CONSTRUCTION. 
By JULES L. GOLDBERG, Chief Editorial Division, Bureau of Public Roads. 

PORTION OF THE APPIAN WAY, DECAYED AND NEVER REPAIRED, THOUGH MAJOR PART OF HIGHWAY, NOW 2,000 YEARS OLD, |S 
IN GOOD CONDITION. 

HE history of stone block pavements begins 
back in the days of King Menes, who built a 
road 10 inches thick to the Pyramids. 

Later, in the early days of the Roman Empire, stone 
pavements were constructed of large flags, with the 
smooth face turned up. The spaces between these 
large stones were chinked with smaller stones, bedded 
in mortar. The historic and famous Appian Way 
is probably the greatest example of this type of pave- 
ment ever constructed. This road, in general, is in 
reasonably good condition to-day, considering the 
fact that it has been in use for more than 2,000 years. 

The earliest stone pavements in this country were 
composed of cobble stones taken from benches or 
gravel beds, laid in sand and the joints filled with 
gravel or sand. The old city of Panama in the time 
of the buccaneers, when Morgan, the pirate, de- 

stroyed the city in 1680, had streets paved in this 
manner, good examples of which may be seen among 
the ruins to-day. In many of the cities in the 
United States there are remains of these cobble- 
paved streets that were laid more than 100 years ago. 
In many cases these old cobble-stone pavements 
have formed the base for sheet pavements of various 
types and materials, making in this manner a durable 
smooth pavement, many years after the original 
construction of the street, without relaying. 

(3) 

APPROACHING THE MODERN TYPE. 

Finally, it became desirable to obtain a flatter, 

smoother surface for the top of the paving, and the 
quarry split blocks began to come into use in the 
vicinity of all centers where granite quarries were in 
operation, and gradually spreading to the larger 
cities. In earlier times in this country, owing to the 
fact that vessels were loaded with rum, molasses, and 

cotton from the South for shipment to New Eng- 
land points, a considerable industry was created 
through the necessity of ballast for return loads, and 
the holds of the vessels were loaded with the old- 
style granite blocks as ballast for return trips to the 
South. These old flagging pavements are in exist- 
ence to-day in many Southern Atlantic and Gulf 
cities. The blocks used in that period generally were 
from 12 to 18 inches in length, 12 inches in width, 

and 6 to 8 inches in depth. These were laid on the 
graded natural subsoil on a sand bed with sand joints. 

That this was a very durable pavement is evi- 
denced by the pavements still existing, particularly 
in the city of New Orleans, where many streets in 
the old section have this old type of pavement. 
These pavements show so little signs of wear that 
the material would lend itself very readily to the 
production of a reasonably well-cut paving block, 
which could be used in making a first-class modern 



erouted pavement. The old-style pavement was 
naturally quite rough to travel over and the blocks 
would sometimes rock on their beds and tilt up. 

UTILIZATION OF CONCRETE. 

A theory was advanced later that if the block 
were smaller the surface would be smoother, and 
6-inch cubes began to be used. But these were 
found not to be very satisfactory on account of not 

being able to break joints in a proper manner, and 
were followed with the old-style block, 4 to 7 inches 
in width, 9 to 16 inches in length, and about 8 inches 
in depth. 

About 1880 came the realization that the blocks 
should be cut with less depth in order to save 
transportation charges, and in order to provide a 
smooth riding surface they should be made shorter 
in length. The reason for this was that it was felt 
that shorter blocks would more readily fit the 
contour of the crown of the roadway and it was 
thought that for the proper toe-hold for horses 
blocks 6 to 7 inches in width were too wide, so in 

order to cut down the expense of transportation 
concrete foundations were introduced and the use 
of a shallower block was begun. 

Following the use of the concrete base at about 
1888 the first examples of cement grouted granite 
block began to make their appearance in Massa- 
chusetts. This pavement was constructed on a 
5-inch concrete foundation, 1-inch sand cushion. 
The joints were partially filled with peastone 
spread upon the blocks and broomed in previous 
to the rolling of the blocks, it being thought neces- 

sary at that time that the peastone should be incor- 
porated in the joints in order to properly key up 
the blocks to hold them in place after ramming was 
accomplished. This method of laying later proved 
to be extremely disastrous owing to the fact that 
the grout in most cases stopped on coming in con- 
tact with the peastone and did not fill the joints 
from top to bottom as is done in present methods 
of construction. The old style block previously 
referred to was used in this construction. 

SEEK INFORMATION ABROAD. 

In 1905 New England quarry owners inspected 
paving laid in the city of Liverpool where the general 
custom was to use a 4-inch cube on a concrete base. 
This type of paving is what is now known in paving 
practice as Durax pavement, which is made in these 
times of small cubes varying from 2% to 4 inches in 
diameter, laid in concentric circles at right angles 
to the direction of travel. Many pieces of this style 
of pavement were laid in Germany, where they are 
known as Kleinpflaster. Many pieces have now 
been laid in this country, some examples existing 
in Washington where many short pieces are laid 
straight instead of in the oyster shell or concentric 

circle pattern. It has been the custom in many 
places, in connection with this style of pavement, 
where the granite blocks were of the old style, poorly- 
cut type, to use these old blocks remade into Durax 
cubes as a relaying. proposition where such blocks 
were not of sufficient quality to admit recutting or 
napping into large size paving blocks such as is 
done in many cases. The 4-inch blocks in the city 
of Liverpool were giving good service and brought 
home more fully to them the realization that it was 
not necessary to cut and transport the deep 8-inch 
block, provided the concrete base was used under- 
neath it. Consideration of this matter led to the 
production of the 4-inch block and the 5-inch 
standard block, in most common use to-day. 

ENGINEERS DIFFER. 

It was found in laying the 4-inch block in the 
manner customary at that time, which was with the 
addition of pea stone in the joints to steady the 
blocks in ramming, that if extreme care were not 
exercised in the use of the peastone, owing to the 
fact that the block was not very deep, the grouting 
(which had come into use at a little earlier period) 
did not get a proper hold and disastrous effects 
followed. ‘This tended to develop the 5-inch stand- 
ard block, giving a little more depth and a little 
more stability. This block is more generally used 
to-day than any other type. 

The opinion of engineers varied materially in 
respect to the various sizes of blocks’ and many 
hesitated to change so radically from the original 
deep block to this later shallow block. Many of 
the engineers even preferred to use the old style 
blocks on a sand cushion with a grouted joint, 
rather than switch to the new shallow depth blocks 
with the concrete base. From the deep block, 
grouted, has developed the present trunk-line high- 
way construction which is being advocated for use 
on many truck traffic lines using the block paved as 
above mentioned, but with the additional stability 
of being laid on a cushion base course consisting of 
one part cement to three parts sand, instead of 
employing the usual sand cushion on a well-com- 
pacted subgrade. 

VARYING SIZES CAUSED DELAY. 

The quarries were called upon to cut so many 
different varieties of blocks that they were unable 
to cut any size in advance for storage, with the 
result that many times jobs were held up owing to 
the fact that the blocks had to be custom made on 
order. In 1912 a meeting was held by a committee 
of the officials of various cities in order to standardize 
paving specifications and to endeavor to fix upon a 
special size of paving block, to be called the Standard 
Block. Even after this meeting the block was not 
universally adopted as was expected, and to-day the 
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OLD STYLE FLAGSTONE PAVING 

manufacturers are turning out many different styles 
and sizes and grades of granite blocks known to the’ 
trade by various designations. 

With many different sizes of blocks, it can readily 
be seen that great difficulty arose in production in 
advance of any amount of stock, as the producers 
hesitated to cut any quantity before knowing what . 
particular sizes they would be called upon to deliver. 
No advantage whatever is obtained through varia- 
tions in size, as with the ‘‘Standard”’ specifications 
for laying to-day, very little difference in durability 
or smoothness can be attained by deviating from the 
standard 5-inch or the 4-inch block in general use. 

IMPROVEMENT IN CONSTRUCTION. 

The improvement in the matter of construction 
has been very marked. The old flag-stone was 
replaced by the truer cut block, laid on sand or 
gravel, covered with a light coating of pebbles or 
sand, rammed and then covered a second time with 

a coating of sand which was broomed into the joints, 
forming the old style sand joint, which pavement, 
in its turn, disagreeably cobbled and made a rough 
riding surface. This was succeeded by a modifica- 
tion of the pebble and pitch joint, pebbles being 
broomed into the joints of the paving blocks, fol- 
lowed by a pouring of hot bitumen, filling the joints 
from top to bottom, which pavement also cobbled 
similar to the sand-joint block. ‘This, in turn, was 
followed by the closely cut block laid in cement grout, 

IN NEW ORLEANS. 

making a true, smooth pavement; with a later modi- 
fication of the bituminous mastic filler, composed of 
bitumen and sand, which made the pavement easier 
to open in case repairs to subsurface construction 
were necessary. 

PREPARING THE BLOCK. 

Classified under the trade name of granite are such 
allied rocks as monsonite, syenite, gneiss, and cei tain 

other igneous and metamorphic rocks. The granite 
occurs in nature in various shapes and forms. In 
some quarries it occurs in sheets with vertical joints. 
Naturally it would be expected that the grain of the 
stone would follow the bed and joint, but sometimes 
this is not true, the grain of the stone running 
diagonally across. In other quarries the stone was 
thrown up in its original shape, in an entirely dif- 
ferent manner, being one great solid mass, without 
beds or seams, 

In the manufacture of granite block no pressure 
or tendency to fracture is jmposed on the stone at 
any time. Granite has a grain similar to wood, and 
splits readily on the natural lines of cleavage, differ- 
ing from the case of crusbed stone, where an enor- 
nous pressure is exerted internally in the production 
of the material in passing through the crusher. 
The paving block has keen subjected to no internal 
strain, consequently to keep and preserve it in its 
originai condition it should not be thrown from any 
great height in loading or unloading, which might 



FIVE-INCH GRANITE 

be apt to cause the conditions which have been 
avoided all through the manufacture, and which 
might also fracture the edges and corners of the 
stone, spoiling its proper shape. 
interest of transportation and economy, the blocks, 
it possible, should be inspected at the quarry and 
all rejected material left there, rather than have it 
transported to the work itself. 

TESTS. 
The usual tests applied to determine the value of 

the paving block are, first, hardness; second, tough- 

ness; third, resistance to wear or abrasion. 
(1) Test for hardness—that is, the resistance of 

the surface particles to displacement by abrasion—is 
usually determined with a Dorry machine. This 
machine consists of a circular steel disk, revolving 

horizontally, against which is held a cylindrical core 
of granite, cut from the sample to be tested by a 
diamond core drill, the cylinder being 25 millimeters 
in diameter, and is held perpendicularly against a 
disk under a constant pressure of 1,250 grams, while 
standard quartz sand, between 30 and 40 mesh, is 
fed onto the disk to act as the abrasive agent. At 
the end of 1,000 revolutions of the disk the loss in 
weight is determined and the test repeated with the 

specimen reversed. The average loss in weight com- 

6 

To further the°- 

BLOCKS RAMMED AND READY FOR GROUTING, 

puted from the two runs is used in determining the 
hardness of the rock. The following method of ex- 
pressing the hardness has been adopted: Hard- 

ness, H=20— 3° 

1,000 revolutions. 

(2) The toughness test as applied to paving blocks 
means the ability of the material to resist fracture 
due to impact. A cylindrical sample 25 millimeters 
in diameter and 25 millimeters in height is cored 
from the test piece by a diamond drill. The sample 
is then placed in the impact machine. The test con- 
sists of a 1 centimeter fall of a hammer weighing 
2 kilograms for the first blow and an increased drop 
of 1 centimeter for each succeeding blow until 
failure of the test piece occurs. The number of 
blows required to cause failure is used to represent 
the toughness. 

(3) The abrasion test: The Deval abrasion ma- 

chine is used in testing the hardness as well as the 
toughness of the rock. The rock is broken into 
pieces as nearly uniform in size as possible. Fifty 
of the pieces, weighing in all 5 kilograms, are thor- 
oughly dried before weighing, are then placed in a 
revolving cylinder and are given 10,000 revolutions 
at the rate of 30 to 33 to the minute. The per- 

in which W=loss in grams per 
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centage of material worn off, or abraded, which will 
pass through a ;g-inch mesh seive is considered as 
determining the amount of wear. The amount of 

wear is expressed either in the percentage of the 
5,000 grams used in the test, or else the French 
coefficient, which is in more general use, is given, 

400 40 

W per cent of wear. 
in which W is the weight in grams of the detritus 
under 5 inch in size per kilogram of rock used. 
In this test the sample is thrown the length of 
the cylinder twice at each revolution, so that the 
individual stones grind against each other as well as 
against the sides of the cylinders. The rocks are 
likewise somewhat broken by the impact, so that the 
abrasion test can be considered as one not only for 

hardness but also for toughness. 

CONSTRUCTION. 

The original construction of the old cobble paving 
first used as a pavement was to excavate to the 
proper depth, which was fixed by the cobble itself. 
On this subgrade was placed a bed of gravel or sand; 
in this the cobbles were bedded with their longest 
dimensions vertically. Sand or gravel was then 
thrown over the top, a broom was used to remove the 
excess sand, leaving the head of the cobble bare, and 
the cobble was then rammed with a wooden paving 

viz, the coefficient of wear = 

rammer sometimes studded with steel plugs. As has 
been previously mentioned, examples of this work 
were found in the old city of Panama, and many 
examples are in existence to-day in cities in the 
United States, particularly Baltimore and Wash- 
ington. 

The next step in construction was the old flag 
blocks. These were bedded on a cushion of sand, 

rammed, and the joints filled with sand. Following 
these came the sand-joint block pavement, from. 
which developed the granite block of to-day. This 
block was laid on a sand or gravel cushion, partially 
filled with sand in the joints, and then rammed; 

finally covered with a layer of sand, which, as it 
dried, was broomed into the joints. The pebble and 
pitch style of pavement was made by the use of 
screened pebbles of about } inchin diameter, which 

were deposited in the joints, the paving then being 
rammed, and the final process was the filling of the 
joints with hot paving pitch by means of pour- 

ing pots. 
A modification of this style of joint filling has 

been in use in recent years, asphalt usually being 
used as a joint filler, the pebbles and asphalt being 
placed in the joints in several layers with several 
pourings with the final finish a mat of asphalt and 
trap rock peastone. 



TYPE FOR TRUNK LINES. 

The method used in a number of instances, and 

which seems to be giving very good results, was to 
place on a well-compacted subgrade a cushion course 
of sand in which the blocks were paved, then rammed 
and grouted with a 1 to 1 cement and sand grout. 

If the 5-inch block of to-day is to be used in this 

style of paving, it should be paved on a cushion 
course of 1 to 3 dry cement mortar, instead of the 

sand cushion. 
This last type of construction is being introduced 

for trunk line truck highway construction on through 
traffic lines and State highway construction. 

On traffic highways it usually is customary to 
use a concrete base course varying in depth from 4 
to 8 inches, constructed on a well-compacted sub- 
grade. On this is placed either a cushion course 
of sand or of 1 to 3 or 1 to 4 dry cement mortar. 
On this the blocks are paved and rammed in courses 
of uniform width at right angles to the lines of 
traffic, using either the 4 or 5 inch block, and groutea 
with a grouting mixture of 1 part cement and 1 
part sand. 

Another type of filler used in connection with this 
‘style of pavement is that known as a bituminous 
mastic. This joint filler is composed of nearly 
equal parts of hot sand and hot bitumen, the pro- 
portion of sand usually running from 35 to 50 per 
cent of the combination. Whereas it is necessary 
in the use of the cement-grout filler to close the 
street to traffic for not less than six days after the 
grouting has been completed, where the bituminous 
mastic is used the street may be opened immediately 
upon the cooling of the bitumen, which takes place 
within an hour after the installation of the joint 
filler. Therefore where extremely heavy traffic 
congestion occurs it sometimes is advantageous to 
use the bituminous mastic filler. Also, in case of 
frequent openings in the pavement, it can be opened 
more easily than is the case with the cement grout 
filler. Naturally this type of pavement requires a 
very substantial concrete base to bridge over the 
soft spots and depressions and to sustain the mastic 
filled pavement. 

PREPARING THE SUBGRADE. 

In preparing the subgrade all soft and loamy spots 
must be excavated and filled with cinders or gravel, 
or other material proper for such purpose, and the 
entire subgrade then rolled and compacted by ram- 
ming and shaping to a true and uniform contour, 
care being taken that so far as possible no plowing 
or picking shall be carried below the final finished 
subgrade line. Proper drainage facilities should be 
provided either by ditching, tiling, or trenching. 

The concrete base should be constructed of 
1-3-6 cement concrete or better, the sand used to be 
clean, reasonably coarse and free from clay or loam, 

the stone used either clean graded crushed stone or 
clean screened cobbles, free from any rotten or dis- 
integrated stone. The cement to be standard brand 
of approved quality, which will meet any of the 
standard tests called for in general construction work. 
The concrete should be mixed reasonably wet, but 
not so wet that the mortar will flow away after being 
deposited in the roadway. 

SAND CUSHION. 

Bedding sand should contain no particles which 
would be retained on a #2-inch mesh screen and 

should not contain over 10 per cent of loam or clay. 
If the concrete base has been allowed to set for not 
less than six days the sand and paving blocks may 
be carted in and dumped in windrows on the base. 

This sand cushion may be substituted by a dry 
cement sand cushion mixed in the proportions of 
1 part cement to 3 or 4 parts sand. This cushion 
should not in any event be mixed more than a half 
hour ahead of the time of using, and none of this 
material should be left over at the close of work and 
used again upon the resumption of work. 

The blocks should be laid on this cushion course in 
courses of uniform width, as nearly as possible at right 
angles to the direction of travel. They should be 
rammed individually to a true and firm bearing, and 
under no condition should they be rolled with either 
a hand or steam roller, as rolling will force the bed- 
ding material up between the joints, and rock a 
block on its cushion. As the blocks are not of uni- 
form depth the roller would only strike on the high, 
deep blocks, without ramming the shallow blocks at 
all. All low blocks after ramming should be raised 
with paving tongs, no pinch bars being used, as 
pinch bars usually dislocate surrounding blocks as 
well as the one which it is desired to lift. 

READY FOR GROUTING MATERIAL. 

The ramming should be done with a rammer 
weighing from 25 to 50 pounds, with a steel base. 
After the blocks are properly rammed they are ready 
for the grouting material, which usually is a cement 
grout mixed in the proportions of 1 part cement to 1 
part sand, the sand being of such fineness that no 
particles should be retained on a 20-mesh screen 
and not over 10 per cent of it pass a 100-mesh screen. 
The cement should be any well known brand Port- 
land cement that will meet standard specifications 
for such material. The grout should be mixed thin 
enough to run freely to the bottom of all joints, but 
thick enough so that it will not run away in the flow 
line of the street. 

Before the initial set takes place a second finish 
coating of grouting should be applied, filling the 
joints flush with the blocks. The whole should be 
broomed, first with a street broom to remove the 
surplus grout from the top of the blocks, and finally 
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POURING JOINTS WITH ASPHALT FILLER BY POURING-POT METHOD, 

finished by the application of an ordinary bristle 
house broom, leaving the whole surface smooth and 
uniform. The finished surface should be protected 
from the weather by frequent sprinklings and by 
the addition of a thin layer of sand or dirt, which 
should be dampened, applied to the top of the pave- 
ment after the first set has taken place. | 
A barrier should be erected to prevent traffic from 

entering upon the work, as any trespass at this time 
means a sacrifice of the paving. Once the grout has 
broken it never can mend. Watchmen should be 
provided for 24 hours per day, if necessary. 

The application of the bituminous mastic grout 
follows along practically the same lines as the cement 
grout, the bitumen being heated in kettles and the 
sand-heating plants or over pipe heaters. After 
the bitumen has been drawn into wheel-barrows, the 

hot sand is added, the two ingredients mixed with a 
steel squeegee and the mass then dumped upon the 
pavement, running down into the joints, as much as 
possible of the mastic being squeegeed from the 
top of the blocks while it is hot. 

MAINTENANCE COST LOW, 

While the initial cost of granite block construc- 
tion is high the maintenance of the pavement, if 

136558—19——2 

properly laid and grouted, is less than that of almost 
any other type of pavement. In the city of Wor- 
cester, Mass., over a period of ten years the average 
cost per yard was $0.00415. This also is true in 
other cities regardless of the fact that in general the 
streets covered with granite block paving are those 
carrying the most severe traffic of any. And in 
considering maintenance cost it should be in con- 
nection with the amount of traffic. 

City of Worcester, Mass., statistics on granite block paving (new 
blocks on concrete foundation with joints and surface grouted with 
cement). 

MAINTENANCE COST FOR 10 YEARS ENDING NOY. 30, 1918. 

i | Yardage 
a Mainte- | existingin | Cost per 

Year nance cost.| city at date ae 
indicated. 

| 

1 pee SOOO IRS aeceetae JAMO eg Opes agate $738.72 | 261,048.6 | $0. 0028 
LOS. eae PAAR OU. td. 2, 563. 03 255, 934. 8 .01001 
[O16 Werke ee ee Sane 5 Ste ONE 8 82S 910.62 | 252, 270.2 . 0036 
{OUST CE AUD ASS eto hls ah) a 806.33 | 265, 246. 6 . 00303 
1914 ee ee ee ate Ae. ee es 857. 30 | 237, 292.0 . 0036 
1913 PELs 25 eS ER PORE SCAN. . 8) 1,091.66 | 229, 313.3 . 0047 
1912 ee een een eer) itt ek oe ae 406.87 | 219, 868.3 0018 
LOLI Bath cesta Oe tae eras wrasse ee arate 1, 167. 66 | 185, 402. 5 . 0062 
TOT Qe nets eaiain gaan ae see ein aoe gee Baan es 806.90 | 160, 025. 6 - 0050 
1900 5 he oat PAT ANE 9. Sa kts debe 29. 63 | 33, 805.9 . 0008 

10678, 72 INS 2.0415 

1 Divided by 10=$937.87 average maintenance. 
2 Divided by 10=$0.00415 average cost per yard for maintenance per year. 



GROUT MIXED BY MACHINE TO PROPER CONSISTENCY TO FLOW 

Usually in connection with different types of per- 
manent pavements, if the workmanship and mate- 
rials be right, very little trouble occurs so far as 
defects are concerned, but defects sometimes occur 

and their causes are enumerated. 

CAUSES OF DEFECTS. 

One of the defects most common is that occurring 
through the fact that the contractor has filled the 
joints nearly to the top with either sand or pea 
stone. Consequently, when the grout filler is ap- 
plied it does not work down more than a short dis- 
tance below the top of the block. The result is that 
the block is held in suspension by a narrow collar of 
grout around the top and around the bottom by pea 
stone or sand. The impact of travel on the top of 
the block drives the center of the block down, break- 

ing the entire surface of the block away from the 
main block itself. 

Difficulty usually is experienced where an excess 
amount of sand is used in the cushion course. In 
this case the excess depth of sand cushion in the bed 
seems to shift under the impact of travel and to 
compress more than the ramming of the blocks com- 
pressed it, in this way causing a slight settlement 
which is followed by the breaking down in the joints; 
although the blocks themselves do not break up in 
the same manner as when the narrow collar of grout 

READILY TO BOTTOM OF JOINTS. 

is around the top. This difficulty, naturally, is 
more or less eliminated by the use of the 1 to 3 or 1 
to 4 mortar cushion in place of the straight sand 
cushion. 

Improper ramming is another cause of defects. 
When the blocks are not rammed home to a true 
bedding spaces are left underneath, affording the 
sand cushion a chance to shift its position after the 
pavement has been constructed and causing the 
joints to break down. 

METHOD OF MIXING GROUT. 

It has been proven by observation and by actual 
services that the 1 to 1 cement grout makes the most 
ideal joint filler so far as durability is concerned 
and a great many of the difficulties with granite 
block paving occur through the fact that a weaker 
grout than a 1 to 1 has been used in the construction. 
There are two methods in common use for mixing 
the cement grout joint filler. One is the hand-mix- 
ing method, using a box either tilted to one end or 
tilted to one corner, having a gate in the lower end 
which can be raised when the grout is mixed thor- 

oughly. It is absolutely necessary, if proper work 
is to be accomplished, that the cement and sand 
shall be thoroughly mixed together first, and after 
the water has been incorporated that the entire mass 
be agitated constantly so that the sand will be 
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GRANITE BLOCK, GROUTED WITH 1 TO1 CEMENT GROUT, WORN SMOOTH BY TRAFFIC, 

afforded no opportunity for settling at the bottom, 
as the cement is lighter in suspension, and so that 
there should be in the mixture no lumps which would 
clog the joints. 

The other method of mixing is by machine. There 
are a number of different types of machines for this 
purpose, but all machine mixing in general is an im- 
provement over the hand mixing method, owing to 
the fact that it keeps the grout much better agitated. 
There is more chance to obtain poor work through 
improper mixtures of the cement grout than through 
improper mixtures in the bituminous mastic grout 
for the reason that whereas it is extremely easy to 
mix any proportion of cement and sand together up 
to about 1 part cement and 5 parts of sand and agi- 
tate sufficiently so that it can be poured into the 
joints, filling them easily; it is much more difficult 
to incorporate sand in the bitumen in excess and get 
it to run into the paving joints, for the reason that 
any proportion more than that of equal parts of sand 
and bitumen becomes so stiff that it is incorporated 
with difficulty in the jomts and easily shows to the 
eye that the proper proportions have not been used 
in the mix. 

Hardly any paving material outside of old worn- 
out macadam roadways lends itself to salvage to 
such an extent as granite block. Old blocks trans- 
ported to Southern ports many years ago if recut 
into granite blocks now would more than cover the 
street areas where they are. The same is true of 
most of the old-style large blocks which were used in 
the earlier days of block production. Jn this case 
the method pursued would be to trace a line across 
the center of the block, the block then being struck 
a sharp blow on the opposite side it breaks in two, 
forming two blocks nearly of the standard size, which 
could be used with the new face turned up, forming 
a new, fresh granite surface built of old blocks 
napped in the manner described. If the blocks are 
cobbled on top through excessive wear they can be 
recut or trimmed on the sides, eliminating the cob- 
bled effect, and still making use of practically the 
entire block. If the blocks are not suitable for 
napping or recutting, there is still another salvage 
value, for they may be cut into small Durax cubes 
so that regardless of the length of time they have 
been in service there is a salvage value until they 
are completely worn out or broken up. 
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INSTRUMENT FOR MEASURING WEAR 
OF CONCRETE AND OTHER SURFACES. 

By W. E. Rosengarten, Highway Engineer, Bureau of Public Roads. 

HE design of our highways is becoming more 
and more an exact science and detailed data on 

various phases is urgently needed. <A factor 
which should be known to intelligently decide on a 
particular material or method of construction is the 

One of the im- life of the resulting pavement. 
portant elements in determing this is the rate of 
wear of the road surface. 

An attempt has been made to measure the wear 
caused by traffic. The instrument shown in the 
accompanying illustration was designed and made 
in the Research Division of the Bureau of Public 
Roads under the direction of A. T. Goldbeck. It 
consists essentially of two bearing plates each 2 
inches in diameter, pivoted on universal joints to 
a spanner 114 inches long. At the midpoint is 
mounted a micrometer, whose plunger has a travel 
of 1 inch, and whose dial is graduated to read to 
1/1000 of an inch. A level bubble indicates when 

the plunger is vertical. 
In order to form a base to which measurements 

can be referred from year to year, brass plugs, as 
shown in the accompanying sketch, are set in the 
pavement where readings are desired. Readings 
are taken by resting the bearing plates on the road 
surface and allowing the spindle or plunger to rest 
on the base plane of the plug. The instrument is 
plumbed with the aid of the level bubble, the spanner 
bar being held parallel to the center line of the road. 

Another set may be taken with the bar at right 
angles to the center line of the road. Additional 
sets may also be taken if desired by placing the bar 
at other angles with the center line of the road. 
The difference in readings taken in later years in a 
similar position will show the average wear at the 
two points upon which the bearing plates rest. 

With this instrument accurate readings may be 
taken rapidly and without interruption to traffic. 
The base plane in the pavement is protected be- 
tween readings by covering with cotton waste and 
topping with putty. The brass plugs are readily 
set in any pavement while it is being laid or at any 
future time by drilling as small hole with star drills 

and setting the plug in 
cement grout. The pur- 
pose of the groove near 
the base of the plug is to 
give a good bond with 
the pavement. These 
plugs do not affect the 
pavement, are not in- 
jured by traffic and may 

be set in a concrete pavement at the rate of 30 or 
40 per man per day. 

Readings on the wear of concrete road surfaces 
are being taken on the Chevy Chase Lake Road, 
Montgomery County, Md., and 
the Camp Humphreys Road, 
Alexandria County, Va. Five 
plugs are set across the road at 
a section. It is hoped to de- 
termine from these and other 
readings the relation between 
wear caused by traffic and the 
per cent of grade, the com- 
pressive strength of the con- 
crete, the kind of aggregate, 
the method and type of con- 
struction, ete. It is pro- 
posed to start readings on other projects so that 
considerable data may be collected not only on 
concrete but on brick, macadam and other classes 

of road surfaces. Detailed blue prints of the in- 
strument will be gladly furnished to anyone apply- 
ing to the Bureau of Public Roads, Washington, 
D.C. 

PLANE 
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CONSTRUCTING PENNSYLVANIA 
FEDERAL AID PROJECT NO. 12. 

ROAD RELOCATION TO ELIMINATE GRADE CROSSING. 

In order to secure the high standard of excellence 
which is the desire of all who are dealing with Federal 
Aid Highways, the highest standards should pre- 
vail at all stages in the development of every project. 
This imphes high standards in location, and in design 
as well as in methods of construction and it is pos- 
sible that from this description of the work done by 
the Pennsylvania State highway department, on 
project No. 12, highway engineers may devise some 
material benefit. 

LOCATION. 

This project is located between Marten’s Creek 
and the Bangor Boro line, Northampton County, Pa., 
and is 5.45 miles in length. In general the location 
follows an old right of way between these two points 
but the original alignment has been greatly improved, 
sharp curves eliminated, reasonably long tangents 
introduced and, wherever the alignment required, 
entirely new locations selected. Two of these new 
locations are significant of the advanced ideas now 
prevailing in highway design. The first shows the 
new location in the foreground and the old road in 

the distance, the railroad lying between. This re- 
location was made for the purpose of eliminating 
two grade crossings, a most important matter in 

modern highway location. The new location takes 
advantage of a high railroad crossing over a small 
creek, at which point it passes under the company’s 
rails. This appears to be an excellent solution of 
the problem of grade crossing elimination and one 
which could be adopted more frequently. 

The second significant relocation is one made to 
save distance as well as to improve alignment. 
Hard surface pavements are expensive. On this 
highway, the surfacing alone costs $6 per lineal foot 
of highway. Where such costly pavements are 
used, savings in distance may be rather expensive 
as to excavation and as to right of way costs and 
still show material net savings in total cost owing 
to the high value of the paving which is eliminated. 
A slate hill had to be cut away in order to make one 
of the relocations and the cover illustration shows 
the general nature of the country traversed but 
even under such adverse conditions as_ these, 
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extensive changes in alignment are justified if the 
saving in pavement cost which results is greater 
than the cost of the increased earthwork. The new 
location used on this project is clearly shown by the 
loose rock which has been drilled and blasted and 
now lies ready for the shovel. 

Other important features in the location of this 
road might be mentioned but aside from a state- 
ment that great care has been exercised to secure 
the proper adaptation of the line to local drainage 
features, they need no special mention in this con- 
nection. 

DESIGN. 

It is no idle remark to state that the design of a 
road begins with its location, and this was the case 
with the design of this highway. However, to 
treat the subject in more ordinary fashion, the salient 
features, particularly those not common to highway 
design generally, will be considered as matters of 
design rather than as a combination of location and 
design. 

The first of these features is the use of short 
uniform gradients, frequent breaks in grade, and 
long vertical curves. In laying the grade line, 
highway engineers quite generally use long uniform 
gradients and short, vertical curves, an evident 
adaptation from railroad engineering which, almost 
always, results in producing heavy excavations 
and heavy embankments. In refreshing contrast 
with this custom as to laying in the grade line one 
finds, on this project, every evidence of a distinct 
effort to reduce both the cuts and the fills to a mini- 
mum by a careful and well thought out policy as to 
maximum grades coupled with the use of short 
uniform gradients, frequent breaks in grade, and 
vertical curves fitted to the original ground surface. 
In so proceeding there is evident not only the idea 
of effecting a valuable saving in earth work, but also 
of adhering to a cross-section which has in it a 

minimum of the element of danger to rapidly 

moving traffic. 
The adjustment of the grade line on this project 

has also been influenced by the fact that, speaking 
generally, hard surface pavements have given more 
trouble on deep fills and deep cuts than where the 
original ground surface has been only slightly 
disturbed. This subject would by itself admit of 
extended discussion, but it is sufficient to mention 
it in this connection, and to note that the evidence 
so far produced justifies the impression that, aside 
from such work as is necessary to keep within what- 
ever maximum grade has been established, on this 
project 6 per cent, the less cutting there is done the 
better both from the standpoint of the safety of the 
pavement and of the traffic passing over it. 

The cross section adopted may also be worthy of 
careful study. It is the ditchless cross section and 
is advocated by those who have a keen appreciation 
of the element of danger to fast moving traffic 
which is found in the more common cross sections 
a major feature of most of which is a heavy ditch. 
Extensive tile drainage and careful maintenance 
are the two factors that control the effectiveness of 
this section, and both are adequately provided for 
in this State. 

The dimensions of the concrete surfacing deserves 
a word of comment. It now is generally recognized 
that an 18-foot width of surfacing is the standard 
for two-way traffic. The fact, however, that this 
highway is located in a country district where the 
present traffic is light and the prospective trafic 
not by any means heavy, when coupled with the fact 
that this width has been adopted indicates the 
farsighted policy which is at the basis of highway 
design in this State. The same may be said as to 
the thickness of the surfacing and as to the mix, 
an 8-inch (center) concrete pavement of a 1-2-3 mix 

being indicative of a keen appreciation of the traffic 
which all pavements must ultimately carry. 



ROLLING THE 

CONSTRUCTION. 

The construction of this highway was let for 
approximately $320,000. Work was begun imme- 
diately upon letting and is progressing favorably. 

The first impression that one obtains on viewing 
this project is of the effective use which is being 
made of modern machinery throughout the job. 
Light jack-hammer drills are in use wherever rock is 
encountered. A steam shovel handles all earth- 
work, the earth being taken out with unusual 
accuracy. Not a dollar is lost by inaccurate cutting 
which must, later on, be shaped up and realigned. 

This is of no little importance, for carelessness in 
taking out earthwork with consequent alterations 
and readjustments of slopes, all of which must be 
done by hand, are a common cause of serious loss to 

road contractors. 
The specifications for this project require that the 

fill shall be rolled in layers. All of the features 
illustrated the use of modern machinery in modern 
highway construction with the consequent elimi- 
nation of human labor. Still though there are 
good machines at work on all phases of this work 
there is no surplus equipment. Every piece of 
equipment is in the right place, and is being used in 
the right way. No money has been squandered on 
needless machinery. 

SUBGRADE, 

HANDLING OF MATERIALS. 

But in spite of the efficiency with which other 
parts of the work are being conducted the most 
radical and the most interesting departure from 
customary procedure is in the handling of the 
materials for the concrete itself. These materials 
are delivered by rail on the siding. They are un- 
loaded by a locomotive crane which operates a clam- 
shell bucket, and dumped onto the material piles 
which le over the hoppers. A light industrial 
track, laid on a gravity grade, runs under these 

hoppers, which are so built that six buckets can be 
loaded at once, the operation being carried on as 
follows: 

The engine delivers a train at the top of the 
gravity track. Six cars are then cut loose and 
moved by hand so that the first bucket of each is 

under its stone hopper. The hopper is then opened 
and stone compartment of the first bucket on the 
car is filled. The 6 cars are then moved forward 
till the second bucket comes under the chutes and 
the stone compartments in these buckets are filled. 
The 6 cars are then shoved forward and_ placed 
under the 6 sand chutes. In two operations the 
12 sand compartments are filled and the cars are 
then pushed on to the 3 cement chutes where 
the cement compartments are filled. The whole 



MAKING LOW COSTS WITH PROPER MACHINERY AND CAREFUL WORK. 

FOR TILE DRAINS, 

operation uses 9 men and filling 6 cars (12 full 
charges for the mixer) takes about five minutes. 

In the meantime the engine has picked up another 
string of the cars, this string having been loaded 
while the engine was at the mixer, and starts for 
the mixer. Near the mixer there is a switch where 
this train lies till the mixer has handled the material 
delivered to it by the alternate train. When this 

alternate train pulls out, the first train pulls in 
with its load and lies at the mixer until its load is 
used up. In this way two engines handling three 
strings of cars can keep a large mixer operating at 
full capacity up to a distance of about 6 miles be- 
tween mixer and loading bins and on a good track 
can be operated over grades of 6 to 8 per cent. 

A general view of the plant in operation and the 
small number of men engaged around the mixer 
can not but impress everyone familiar with concrete 
pavement construction. This cut also gives a 
splendid view of the proper protection of recently 
placed concrete, the earth-covered pavement appear- 
ing in the immediate foreground with the canvas- 
covered slab, just laid, immediately beyond. 

By handling materials in this way something over 
400 feet of pavement is being laid per day, and 
while the economies which this plant develops must 
be the great argument for its more general adoption, 

NOTE ACCURACY OF SIDE SLOPES, AND EXCAVATION 

the fact remains that, from the standpoint of the 
technical expert, the entire absence of any disturb- 
ance of the prepared subgrade, and the entire 
absence of those rehandling processes which are so 
apt to more or less contaminate the aggregate by the 
inclusion of earthy material, will present themselves 
as very potent reasons for the more general adoption 
of such systems as this for delivering the materials 
used in concrete road construction. 

INDEPENDENT OF WEATHER CONDITIONS. 

Another important consideration which should 
influence the more frequent selection of this system 
of handling materials is the fact that it is almost 
entirely independent of weather conditions. Road 
improvements, even those involving the use of a 
high type of surfacing on a general route formerly 
covered by a gravel or a macadam surface, involve 
enough widening, reshaping, and realigning of the 
subgrade so that the movement of materials has to 
be stopped not only during rain storms, but for a 
considerable period thereafter. A moist subgrade 
is not, however, any hindrance to the actual laying 
of the pavement itself. Therefore, except during 
the time when rain is actually falling, this outfit 
can be operated to the capacity of the mixer, and 
the average rate of progress made is therefore high. 



GENERAL VIEW OF PLANT IN OPERATION. 

The extent to which labor has been saved on this 
project has nowhere been better illustrated than in 
obtaining a feed water supply for the locomotive 

crane which unloads the aggregate. To provide 
the necessary water an old tank wagon was mounted 
on a platform, a hydraulic ram set in a nearby 
creek, and the two connected by a pipe line. Since 
that day, and without further attention, this make- 
shift tank has never been short of water. It is by 
such savings as this that construction jobs are made 

to show a profit. 
The proof of the advantage of any method of 

construction lies in the results secured. On this job 
the layout in plant is not excessive; indeed it is 
rather below the average for jobs of this size. How- 
ever, since concreting began the mixing plant has 
worked 30 days out of 31 working days (data to 
Aug. 15), has averaged 240 feet of 1-2-3 concrete 
pavement 18 feet wide and an average of 7.33 inches 
thick per day with a force of 8 men on the mixer, 
6 men on the material piles, and 4 men on the 
trains. This compares very favorably with the per- 
sonnel usually required to accomplish this amount 
of work. Those who wish to use these figures for 
making comparisons with the personnel on other 

oing jobs will, of course, remember that the men 
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NOTE METHOD OF COVERING CONCRETE, 

on the trains and at the storage piles are not a part 
of the mixer crew, but correspond to the personnel 
engaged in delivering material on other jobs. 

CITY CONTRIBUTES FOR*ROADS. 

The New York Commission of Highways let a con- 
tract in August for constructing a highway 4.03 
miles connecting the village of Carrollton, Cattarau- 
gus County, with the city of Bradford, Pa. Thi 
road will cost $153,344. 

In order to insure the building of the road con- 
necting the New York town with Pennsylvania the 
Bradford Chamber of Commerce raised $90,000 as the 

city’s share of the cost, establishing a unique prece- 
dent in financing highways connecting two States. 
The road will be of concrete and will cost about 
$33,300 a mile. 

Commissioner Greene of New York obtained the 
consent of Secretary of Agriculture Houston for the 
road to cross the Allegany Indian Reservation. The 
Secretary also approved changes in the original plans 
which eliminated three grade crossings, saving to the 
State of New York $70,000. When the road is com- 

pleted the citizens of Bradford will hold a celebration. 
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WHAT FROST DOES TO CONCRETE. 

S cold weather approaches the problem of so 
laying concrete pavement that it will not 
freeze becomes a serious one. The above 

illustration shows the result of laying a concrete 
base in such cold weather that the methods adopted 
for its protection failed and the concrete froze. It 
became necessary to build a new base and integral 
curb over the old one. 

ROAD BONDS IN MISSOURI. 

Missouri counties which have voted road bonds, 

which are to hold bond elections or in which bond 

issues are being agitated include the following: 
Greene, $2,000,000; Laclede, $250,000; Texas, 

$225,000; Howell, $500,000; Jasper, $250,000; St. 
Francis, $1,000,000; Franklin, $1,000,000; St. Louis, 

$3,000,000; Phelps, $400,000; Warren, $400,000; 
Dunkin, $23,000; Butler, $500,000; Buchanan, 

$2,000,000; Scott, $1,000,000; Oregon, $300,000; 
Stoddard, $200,000; Ripley, $120,000; Wayne, 
$30,000; Gentry, $100,000; Clay, $100,000; Harri- 
son, $113,000 ;Cole, $300,000; Livingston, $1, 250, 000; 
Atchison, $1,000,000; Andrew, $1,250,000; DeKalb, 
$1,250,000; Clinton, $1,250,000; Ray, $1,250,000; 
Nodaway, $2,000,000; Daviess, $1,000,000; Carroll, 

It sometimes happens that concrete roads must 
be laid during cold weather, but the practice is always 
attended with risk and should be avoided unless 
most urgent necessity requires immediate con- 
struction in spite of weather conditions. It is 
better to stop laying concrete a little early than to 
stop a little late. 

$1,100,000; Sullivan, $1,000,000; Putnam, $750,000; 
Marion, $1,500,000; Adair, $750,000. 

Special road districts throughout the State have 
also voted large amounts of bonds. 

OREGON ROAD BUILDING. 

During the first seven months of this year the 
state highway commission of Oregon spent 
$1,714,343. Contracts have been awarded for more 
than 1,000 miles of road, at an estimated total cost of 
$16,903,361. These roads, including work on 20 
different highways, will be made up of 370.1 miles of 
paving, 193.8 miles of macadam, dnd 528.6 miles of 
graded roads. 
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BIG ROAD PROJECTS INCLUDED 

IN JULY AND AUGUST APPROVALS. 
EATURES of the Federal-aid record in both 

f July and August were three road projects 
to cost over $1,000,000, one of them over 

$2,600,000, and the large total amount of 
improvements covered by the projects submitted 

in several States. 
In both July and August the number of Federal- 

aid projects approved showed a decline from the 
high record set in June, and there was a decrease 
in both the estimated cost of the roads and the 

Federal aid allowed. 
The falling off does not indicate any decrease in 

the road-building activities throughout the country. 
The June business was probably greatly increased 
by efforts made by various State highway depait- 
ments to rush in many projects for approval before 
the close of the last fiscal year, ending June 30. 

There was a decrease in the projects signed by the 
Secretary in July from the previous month. In 
August agreements executed showed a large increase 
over the July figures and were much above those for 
June. In agreements signed the August figures 
make a new high record. 
Up to and including August 31 the total number 

of projects approved was 1,583 and the project 
agreements executed by the Secretary of Agriculture 
826. The approvals covered 15,124.82 miles of 
road, whose estimated cost is $172,248,883.66 
and the Federal-aid allowance is $70,800,791.39. 
The agreements covered 6,908.34 miles, for which 
Federal aid was allowed to the amount of $32,069,- 
204.81 on an estimated cost of $75,314,016.37. 

FEDERAL AID IN JULY. 

In July 144 Federal-aid projects were approved, 
there were 5 revisions, and 6 statements pre- 
viously approved were withdrawn. Approvals, 
covered 1,268.07 miles of road, estimated to cost 

$20,682 ,523.37, for which the Federal-aid allowances 

amounts to $7,193,942.85. The withdrawals covered 

44.81 miles, with an estimated cost of $129,629.77 
and an allowance of $50,700. 

During the month 58 agreements for Federal 
aid were signed by the Secretary of Agriculture, 
while 15 agreements previously signed were modified, 
with increases in the amount of Federal aid allowed. 
These 73 agreements covered 413.045 miles of road, 
the estimated cost of which is $6,296,370.91 and the 
Federal aid allowed $2,671,356.46. 

In the July projects approved hard-surface roads 
represented slightly less than one-third of the total 

mileage. Earth, sand-clay, gravel and macadam 

roads aggregated over 800 miles. 

PENNSYLVANIA’S PROJECTS. 

Pennsylvania occupied first place in the record 

of statements approved during July in number 
and in the amount of Federal-aid allowance and in 
the estimated cost of the roads to be constructed, 

while Nebraska turned in the greatest mileage. 

Seventeen projects in Pennsylvania approved will 
cost $4,607,028.41, for which the Federal aid is 

$1,968,997.40. 

Ohio with 12 projects came next to Pennsylvania 
in the number approved and in the estimated cost 
of the roads to be improved and third in the amount 
of Federal aid. The figures are, respectively, 

$1,959,691.12 and $615,800. Oklahoma’s two proj- 

ects occupy third place in the estimated cost of the 

roads and second in the amount of Federal-aid 
allowance. The cost is estimated at $1,771,555.64 

and the amount of Federal aid, $850,000. Wash- 

ington with 10 projects is the only other State whose 

estimated cost exceeds $1,000,000 for the month. 

On a mileage of 57.498 the aggregate cost is esti- 

mated at $1,215,433.36 and the Federal aid 

$607,761.65. Indiana with 2 approvals and 2 re- 

vised projects, with an aggregate mileage of 25.92, 

fell just below the million-dollar mark in the esti- 

mated cost of roads, $940,876.81, for which the 

Federal-aid allowance is $464,612.19. 

In Indiana the ratio of Federal aid requested and 

allowed was a little over 25 per cent of the cost of 

the roads, in Ohio less than 35 per cent, in Pennsyl- 

vania slightly more than 40 per cent, in Oklahoma 

almost 50 per cent, while in Washington it was 

exactly 50 per cent. 
Nebraska, which was third in the number of 

projects approved, 11, has the greatest aggregate 

mileage, 233.20. Minnesota’s 7 approvals aggregated 

121.66 miles. Seven new projects approved and 

one revision in Texas aggregated 100.5 miles. One 

of the Nebraska projects is 56.9 miles long and 

another one 30.6 miles. A single project in Okla- 

homa was for 46.158 miles, a Minnesota project 38.5, 

and a Texas project 30. The average length of all 

projects approved during the month was 8.806 miles. 

OKLAHOMA’S BIG PROJECT. 

Oklahoma leads the country in the size of a single 

project handled in July. It is estimated to cost 

$1,271,555.60, for which $600,000 Federal aid is 

allowed. It is for 46.158 miles of concrete or bitu- 



minous road in Tulsa County. The third largest 
project is also an Oklahoma road—20 miles of con- 
crete in Washington County, to cost $500,000, with 

Federal aid of $250,000. The second largest project 
is 13.24 miles of bituminous or concrete in Lacka- 
wanna and Wyoming counties, Pennsylvania, for 
which $304,616 Federal aid is allowed on an estimated 
cost of $609,232.80. Other projects costing large 
sums approved during the month include one for 7.14 
miles of brick or concrete in Somerset County, Pa., 
to cost $457,065.50 and Federal aid to the amount of 

$147,071; and 6 miles of bituminous, brick, or con- 
crete in Hamilton County, Ohio, with an estimated 
cost of $423,066.60 and Federal aid, $120,000. 

SOME HIGH GRADE ROADS. 

On a Massachusetts project, a short concrete road, 

the estimated cost is at the rate of $127,864 a mile. 
This is the highest average cost per mile so far shown 
in a Federal-aid road. A bituminous, brick or con- 

crete road in Ohio will average $67,716 a mile and 
the 7.14 miles of concrete or brick in Pennsylvania 
mentioned will average $64,015. Another project in 
Pennsylvania will average $56,443 a mile. 

In States in which the projects are all for brick, 
concrete, asphalt, or bituminous roads the average 
estimated cost is: Pennsylvania, $47,885; Maryland, 

$45,288.75; Ohio, $35,992; and Oklahoma, $26,779. 
In the agreements executed Kansas leads in the 

estimated cost of roads and also in the amount of 
Federal-aid allowed. Two agreements in that State 
signed in July were for 29.578 miles of road, esti- 
mated to cost $1,302,451.12, with an allowance of 

$443,700 Federal aid. For a single project in 
Pennsylvania for which an agreement was signed 
and a modification of an agreement previously 
signed the estimated cost is $491,998.72 and the 
Federal aid $208,121.35. No other State received 
as much as $200,000 of Federal aid, though both 

New Jersey and Virginia approached that amount. 
The former received $192,175.92 for 3 projects esti- 
mated to cost $458,148.28, and the latter $190,847.22 
for 4 projects to cost $334,102.64. 

AUGUST APPROVALS AND AGREEMENTS. 

In August 112 Federal-aid projects approved were 
for 1,246.92 miles of road, estimated to cost $18,238,- 

303.19, for which the Federal-aid allowance is 

$7,171,784.84. 

There were 81 agreements executed during the 
month and modifications of 20 previously executed. 
The mileage amounted to 697.59, the estimated 
cost was $12,159,034.77 and the amount of Federal 

aid allowed $5,190,791.15. 

20 

In the record of approvals for the month, Arkansas 
occupies first place in the estimated cost and mileage 
of projects and in the largest project. Minnesota 
is first in the total number of projects approved (11), 

and second in the amount of Federal-aid allowance. 
Pennsylvania received the largest amount of Federal 
aid and her six approved projects come second in the 
estimated cost of the roads. 

BIG ARKANSAS PROJECT. 

Arkansas had four projects approved, whose 
estimated cost is $3,166,338.93, and Federal aid 

requested of $475,000. Project No. 24, that State, 
is for 152.99 miles of asphalt and macadam road 
running from Grady to the Louisiana State line 
through Ashley, Desha, Drew, Chicot, and Lincoln 
Counties. It is estimated to cost $2,684,177.10, and 
a Federal-aid allowance of $332,000 is made for it. 
It is a part of the Arkansas-Louisiana highway. 
Two other approvals in August were for projects 

whose estimated cost is in excess of $1,000,000. 

Project No. 9, Indiana is, for 40 miles of concrete, 
brick, or asphalt road in Johnson and Bartholomew 
Counties, estimated to cost $1,353,330, or $33,830 a 
mile. The Federal-aid allowance is $676,000, the 
largest made to a single project during the month. 
Project No. 30, Kansas, is estimated to cost $1,131,- 
539.20, and calls for $306,750 Federal aid. It is 
for 20.45 miles of brick or concrete road in Lyon 
County, Kans. The cost per mile is $55,330. 

In addition to Arkansas, project approvals for 
four States amounted to over’ $1,000,000. The 
estimated cost of the 33.41 miles of Pennsylvania 
projects approved is $1,786,103, an average cost of 
$53,430 a mile. The Federal-aid allowance is 

$702,782. Indiana’s cost is next, for the single 
project already mentioned. The 11 projects in 
Minnesota aggregate 77.86 miles, are estimated to 
cost $1,188,080.86, and will receive a Federal-aid 
allowance of $604,536.76. Kansas follows with the 
estimated cost of $1,131,539.30 for her one approved 
project. 

In the estimated cost of roads and the amount 
of Federal aid allotted for the projects executed by 
the Secretary of Agriculture during August Penn- 
sylvania leads. Ten projects with an aggregate 
length of 53.98 miles are estimated to cost $2,477,- 
483.78 and will receive $1,101,339.84 in Federal aid. 

Fourteen Ohio projects aggregate 55.227 miles, 
have an estimated cost of $2,051,799.80 and a 
Federal-aid allowance of $704,650. 

The estimated cost of the 85.06 miles of agree- 
ments for California projects is $1,372,644.56 and 
the Federal-aid allowance is $686,322.27. 
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FEDERAL AID PROJECT APPROVALS AND AGREEMENTS FOR JULY, 1919. 

. ' Teer Project | Project - Ra oy Bee 
rojec E en, . : state- agree- stimate edera 

State. No. County. in miles. Type of construction. ment ap-| ment cost. aid. 
proved. | executed. 

Alabama. access: 12 Basle \\oaeeed. tet te sas casas 6 vk ce eases ee JUV RQ2satesecee- 1 $15, 737. 12 1 $7, 868. 56 
44 MOZONIE CON CLALOmmrmertes ae Ret a a dma rcresrerserncreete cls eee ene July 23 67, 845. 25 32, 982, 12 
45 Za SO aR SALIC-C la yee So EONS oo akc cei ee ees July 19 45, 750. 54 22, 875. 27 
58 Oy Lott Warth sce takes: Seer. -wolatede seceeklece 19, 882. 50 9,941. 25 
59 5.00 | Concrete 173, 415. 00 86, 707. 50 
60 D526 Pile GLa Claman miceya cae aaa Se saticwlecee ci teicn 21, 127. 49 10, 563. 74 
61 11.113 | Sand-clay 31, 977. 27 15, 988. 63 

PATIZODG © es sisal 9 Sn J Ome CONCLOLS OL DiI OU Sera terrs-c a wreeyeee |e GOsSs 5 cllerolae toe.cicve 122, 445. 48 61, 222. 74 
10 eee Be ee ee J ecesieax laser as oaee BIG SO meet. eats Sas eke owes July 29 seeeecee ss 40, 000. 00 20, 000. 00 
14) |BCOCKISG. ease esasaacensteresa tte. ZaKo2 whl LEALGI Seen cele ctosee oe a aers afew sievaieteete JUL 284 Sate cies 173, 958. 40 86, 979. 20 

PSEKADSAS. 7). to. 3 Ne CarvOlly Jaa ss32 yas 9 sce oes slo Hoesen es Gravel: Sse td. Wes a todsts ee cioeas cel Soe eee ot July 14 216,991.38 28,495. 86 
7c GratohGad tad Naa sade ccialoni« tele De Slee lu VL ACACLATINA creel Me censors ois cparateen bye ae oreo taie July 2 69, 509. 55 10, 000. 00 
LS) EBON Mel ens Sastre se ete Soeueuiee fo atecte ss. GraVele sein eeeb ae sone pote ctonwents|e hee aacnce July 14 217, 736. 28 28, 868. 14 
2S EU ACKSOL Sa Ia date asics ois cca cies «= SUS Dian|eeeee OES ee ree etre a saiiis store Gian isidor Se Jalal On eee ee 86, 416. 88 40, 000. 00 
20) [EJ CLLCESOM a saosasear ds Cees ee axe = TAT MBIGUMINOUS sence et tose cates eee eee Tul yeiS la ee seek 40, 331. 50 20, 000. 00 

Colorado.-........- HQ HP Wiel dh tees Bae RESO cea tchctes Oe | CONCTOLE OF DILUTMIMOUSs oe act eran e-|[n= eta ree July 22 20, 973. 96 10, 486. 98 
tS) MB OUIMELS etadaancnoade tae aoc AL TC ONCKOLOM Sea aeet sity Se a 1S Serre Cineece ee Jil yun2 9 a |e 10, 468. 81 5, 234. 40 
Later Oss Sees ceces St < sO04 see CORRS aes qa biaode. oo tenet ences NIRS PH) |i Sao 20, 780. 73 10, 390. 36 
LOU MOreatbea. oaeccee te oscWkae sce cons TOs POONCLELE OM DIFUIMIMOUS Sarco cee ocsee| seem anne ss July 29 10, 996. 97 5, 498. 48 

BIOMId ao se se LG IDOU SOLO? Meares cas ree ete owees lesa SO TEA te COM CEOLOS Re ee rthes - clase aeiaed eile kone tere July 26 11, 798. 80 5, 899. 40 
Georgia. ..c.=5 Jae 1 ee Henry, Pike, Spauld- |......-... Satideclay orto psolsss- cence vencwe | se eeeecied July 11 2 158, 078. 80 279, 456. 92 

ing, Monroe. 
8 | Montgomery, Wheeler.........-.|....-..--- BYiGe Ome cet eee ere oa eels ery ciniciente| Se Ue apace July 19 244,915.57 | 222,457.79 

LSA OO] OV AR a tant Has seh ce acces slot sae a San C=Clavawaes jose soe rsieciauas =, cmcleval Ses coe July 11 23,329.75 23,734. 45 
76) We Wiheelert-t pase te cdl ote cas ck LOSOM iets Got a3 See oto ckoe eee Jul yy 1Siee eee sees 78, 908. 50 39, 454. 25 

Ldahok -2- 4 tack LOW PDI Ores. cteeeeeaeee owes cece eee 12400 Dut Gravel asic hacen eens oe accee seals July. 20s se 95, 502. 85 47, 901, 42 
13 | Canyon and Owyhee..........--|....-.---- IBrid pememet ees Aiea. sas se saee ieee = ANON WIE oie st aes 89, 980. 00 44,990. 00 
Ld Bonneville te. 29). 2< ne teem ec oe GLOOM Grawel lees. 4. - LS: Bae Rees a me Il ye LE Seep 51, 533. 68 25, 776. 84 
LOEB SNMOCKs: Baswars teow e maces hrs || A Yenvelcbinle 20 Bee se Ae eos Jia Fel Sl eS ae Ae 75, 000. 00 37, 500. 00 
LiTe | Gtek CO ee wees atae eens ame ce 9.00 | Gravel and macadam...............-. Ahi PUNE Bee 69, 999. 25 33, 999. 62 

Timoiszeee sees Sl WAU aee sce dee Mea clomelecieesian 119.00 | Brick al Vat eaeeee 1 592, 592. 50 1 325, 538. 10 
Indian 2.222 ose) Dil Marions Johnsons secwenseeeceeee 16.26 | Brick, concrete, or Lituminous.--..-.-.. uliyg 18 jesse 1 221, 970. 00 114, 500. 00 

(Ale Marioned.cte-c tee te eos (is) Me LOMER WS 15 ony. 2 eto eee som sae coe oLsesn |i weeee. 230, 843. 00 50, 000. 00 
Soiiemiltons) Marion tic. s..-- =. = 14 0st ee oe CORE eel Seer atlases ne seciemarel eos dOvesa-| some Sean 1171, 150. 00 115, 750. 00 

Us|) SICKO: God ced obcteeseae sae esk St) Ghar do. tl ye 22 ete eter 343, 380. 00 171, 690. 00 
LOW Maes cheese AS} PottawatOmMlort nen. sock snes eee 2.65 | Earth SU Vigo aa ee sree 24, 310. 00 12, 155. 00 
IKamSAS: sa. o+ Yemek 1B REM Ole. eek etme tee ate me esate LO 0s WWaehes Bae eee SAS De ast So hoe els ree aue July 1 729, 496. 74 263, 580. 00 

2a Sedgwick. sen sees seein accca ae 1250084 PBTICK Mies eee ee soe Lane sie iain July 14 592, 954. 37 180, 120. 00 
Kentucky... ..- 522. WAL Ha yerted. ns cree seos olsen ae cle se GiSS8s Pee cee ee cmemet ae assess e/a Paes esien June 30} 200,000.00 | 3 100,000. 00 
houisiana = 222-2 UD WPASVOVEl lest ae ee pioes oon ae te cas he eee GTA VC lME ens es Pte Wea ee Oona cons wee Bota July 2 21,660.97 | 2 5, 348. 82 

SOF OLOlS OME Avissestingae aeeemnen ee OO mond OeCla vaOlere Vel ema aa sate ete.|laenys aoe 2 July 11 64, 589. 66 32, 294.83 
SOM ECONCOLAIS sere tees aaeathacite.s TON LOM Gravel Sees =) at eee Sees ree et emy=i2- Awl; PANGS Baek 200, 226. 40 100, 113. 20 
AN) || AROSE Se ceca sp oaced secooeeee aoe S. OSOE|teserta Cl ORT Bae Ole sade cto cise laste) SIes\are ss July. 2) eeeeeseee 23,777.05 11, 888. 52 
An OTLOLS OU emcees a 13.58 161). a kno. hl bucb eae dane BoaDeoSsang UN yge 25) econ ace 135, 493.09 | 62, 746.54 

Maryland... 72.2% 6B | Prince Georges, Howard, Balti-|.......... Con createed ak Sol ene eee ty aie July 28 22,475.00 21,327.49 
more. 

28 | Anne Arundel 506, 000. 00 210, 000. 00 
SsuCarrollees 5822525 Bo Soae wecente 230, 848.75 115, 400. 00 

Massachusetts... . Oi lakissomieeat We ae 130, 944.55 65, 472. 27 
14 | Barnstable : 52, 037.15 26,018. 57 
pie EVI MLOW GH = on sSaeise ee oes oe 5 121, 328. 90 60, 664. 45 
QOPI EBeLKShITe: J. pacer eo hers-e ese ; 4 62, 185. 75 31, 092. 87 
Aa LS DISE Olea ses cinrs tele eis = trois eesajeaieisisie S756 Wi BikUminGUssc 9-BIl8s<.0 tole aces ssh s JOLye2S Peer ao. 39, 055. 50 19, 527.75 

! DomleMiddlesex) Jc Pao ace kcck cence HOTS Wy CONCLOLG MME omen ote lesc eee ee seeS Gove ceteris 73, 906. 79 36, 359.08 
Minnesota......... bya @arlioneers\ se stems een fete enee 8.59 ore STRIP TA SER” SIU ee oe cee gare ee July 1 34, 666. 64 17, 333. 32 

20m MOD GI ee Set aett as ekbinc cess ASSO. Fe Sees CO ee a See ie Neeiawacisis.o =siz ee a| AeA epee July 19 30, 537.69 10, 000. 00 
Bb: Eleunie PIN we. ca ehtns sincere ain em =. 2 5. 86 Catnaa prickwomasph al Gasen sass eee | eam July 9 247, 900. 00 60, 000. 00 
BORE NLOW Ohman sec eee Adastra ese x: QAO) BP Harte yee a olela tiaras asin ein crete omni ANDO ie OPIN sts 145, 244. 00 72, 622. 00 
ANADSLSATIETS seproeaist nee: sacrin ses amet ps GOmD EGTA viele. HHNS ih st stereos be cess soc a Opie iets eae 48, 481.12 24, 240. 56 
42 | Washington 7. 50 Bee LONE a2 pers sm eioeniee seen Sede GREER SS Oe 65, 438. 01 25, 000. 00 
43 | Cottonwood 40 Gat ee OME A nse eee Esk cine July au lse eee 93) 159. 63 11, 579.81 
44 eSHETOULMO sc enereeees ooo ee ae 4, 43 Asphalt, NEC Ke OLICOMCLELG seek pete eee aoe July 11 136; 180, 36 67, 430. 55 
A905 ChipPOwa-co sueshs ss05-% oe eee 15400 alt Gravieleaeeeceee cmasses eee oe cee L i veues July 31 83, 066. 37 41, 533.18 
Oley CLOW VV IRE eMettste. sec ce ee ene 19. 93 SORES cd CaS ie Seats Ne ee eee eee TUL Va25), |e aera 108, 909. 62 54, 454.81 
EY CU AWEXOOh bhi tty (ye aces ee Renta Seats 38. 50 LO RS Se ee cisco Sec sisie sini ULY Wi eee 72,111. 29 36, 055. 64 
HOUR DCCKOI. y-ersoa Mcrae se- case an es 3.97 CLOSE ds 5S Pom nee Seesu cosines Oe ances July 2 21, 928. 69 10, 964. 34 

ie GOR Meherburnes sates js sek zee aa 6.50 | Asphalt, brick, or concrete. ........-.. JOly AS s eee see. 229, 141.00 114, 570. 50 
Mississippi-......- SPICE Ind Sue Meee ee Eee oh ee PIR TO UM apart 10 cae a) oe Oe Oe dS ne ise eae Tulyap Aly |e 413, 578.90 45,000. 00 

ABIES COLD ee ssat ona sscesameese ces £5.50 aalecceR een emotes sas te eine san <r ee eae Se oe er ||o 5-2 tana 411, 165.00 45,000. 00 
SREP Oriya rstara as cia tators s tales eise =o, + 4 DIR OO 0 i Biers ee ree sete ae etna Sie stetecen ities a eisie ees eiate's | ae dor, es so5 2 4 32, 972.00 410, 000. 00 
IGRSinipsonse sees seiee css: eee ees 704241 ACIAV-OTA VOM ame, Sern Te a cicero te aui2 | setae ae! July 11 44, 509. 78 22, 259. 89 
SOMIMU NL OMe Seek ets soc cee set was es PSO a l|p SLAP LORCA ele sean te anon ces eee nese cece eit Vane a | ee eee 172, 245. 04 60, 000. 00 
O28 POS Sasa ah na ante aes asdcs oe core 16:20 «| kComeretoseenses- comst os sone csece=s tas Abily Gus ||. Se | 312, 620.00 125, 000. 00 
AZSIEGOOrE Oe brea panes tess ee cess ae 7.30 | Earth 15, 400. 00 7, 500. 00 

Missonbises setae Hr SCOtte tenet see e lea. ee: Sustee 7.19 | Gravel | 59, 287.55 14, 821.89 
LO: fase GO geR RIS Site Dt ee cea 27-44 ol eee do 211, 463.57 52, 865. 89 
U7 Jas perce fo sack ses sca eke eee ase 6.00 | Concrete 135, 684. 89 67, 842. 44 

Montana.......... Ta Wibatixmee tat oie seco rk nes a8 A TAS GLAVOLL permet ec tae ick arise ee AUN cd are July 2 21, 978.33 10, 989. 16 
20) \p Missoulasecitcneeesstctscsneecsts 6.8% s-\eccee cates Hort DEGAS te See ees | ae nee ted Me Goes 21,993. 54 10, 996. 77 
305i) Broad waters. Bi0 ye i2ck tcc eens soee Sees BY Id OMe eee Peseta era. feo icls ain.wnis) sine | Sais eens n/= mdoter. 70, 836. 15 35, 418.07 
Ady | Missoulast os cneueesccs sce eetes 42.50 | Macadam ayn ye lO) ee eeee eee 411,000.00 45,500.00 

Nebraska. ........ bal Chaseand HO yosesssac naan = 1539 7a |e ax tee N Seyi yeti nics Reorsetele Soren) aban se sau July 1 51, 623.09 25, 811.54 
20s |p Butler a= peg 2 Ae buck one cen ces ae scns|bathes CORRES Ae eats cic Sse cwises «eee itera dense B.Osesee 24,472.10 2 2,236.05 
SM USHCEMAN Ie. catee te en ckee ees TL90)" 2938 - do Jilye Lieipteeees2 37, 455.00 18, 727.50 
BSO|MEROULIOLE® edems= accnees een ence 12) OSmaeeee pe = Eee July 11 34, 481, 92 17, 240. 96 
Ala | RD UDA VMeses sees s asia ees eee £27 Daal) Sateen COMMENDED Ye oe SEs San 5 Pe EB ek 2 2S July 1 56, 036. 64 28,018.32 
42 | Custer and Loup....-- LS eRe eee 18. 20 ijarth and sand-clay Mul y Lia pet sae 52, 140.00 26, 070.00 
ZEST Ny otenaic(oi noe, ete eke tat Rae 17.00 | Earth Ajollne aloe see e. 25, 850.00 12, 925.00 
51 | Franklin and Kearney.....-..-. 30500) Meee do Jittliyig 2S aerate 60, 995. 00 30, 497. 50 
GON, MEIC ie Se pee came eae ere 16.00 | Sand-clay July; LOSS sseeee oe 45,315. 60 22, 657.80 
ON DWOUOIM ee ae as steve inst < ese e EK 12.00 | Earth July. Lalas, 25, 421.00 12,710.50 
GUaiRWineColen a. sete tee ee cep ce cacie S00 Roand-clayyeeens.. ease cents. os sees se July. Lin eaeeeer ee 42,398. 40 21,199. 20 
G2a I OmAs ieee. tac eeeiiasreec 4.80 | Earth and sand-clay.........-..------- JULY Ae eet 22,330.00 11, 165.00 
Vee || TBRCAC IO) bee eee ees epee epee Drath «| Ata itsc on Sr ac oc, ec ae eo oee een Coeeaneree July 21 79, 431.60 39, 715. 80 
76 | Box Butte and Dawes........-.- fee) jon CLO SBSPEI EE 4 eine yo etciota om =< erta siete VU ye 20) | eerereveiree 122, 100.00 61, 050.00 
94 | Arthur and Keith..........-...- 27 S0§ |Sand-clays asst s eases. Se saeen oka Duly alos eee oeeeeee 134,349. 60 67,174. 80 
OIEPaAWincomemetee NE f 2. sede. 30 L600 EDarthinkensaene: sem scent = oped re ifbihes Geos 84, 150.00 42,075.00 

New Hampshire. - 20 | Merrimack and Grafton......-.- Uy (Cael eae ee = On pep aed neon tease jpocesoeces July 11 20, 487.89 10, 243.94 
OB EMIS HOROUPN cost, chen ce ene PIN S5Abe QW os con cee coc aS hod Sener g may ao ees aes | July 1 29, 958. 06 14,979.03 
25 MOrrin a Choban at. ee bee os. cs VEO eee OUOhs he GSO ba cee sooe pr aao- sg epee ieaesr July 11 7,864.12 3,932. 06 
S(MevOCKINeN ame ce < cece a < =o ess 92 OOGR) MO LUURTITIOUSe sera ctestctete Jamies ele slain ie arall Seratarcto seca July 1 195, 109. 13 97, 554. 56 

1 Revised statement. 
2 Modified agreement. 

Figures given are increases over those in the original statement approved. 
Figures given are increases over those in the original agreement signed. 4Withdnawn, 

3 Should have been included in the June record. 
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AND AGREEMENTS FOR JULY, 1919—Continued. 

Project | Project =, : Oa 
Project a Length : state- agree- stimate edera 

State. No. County. in miles. Type of construction. /mentap-| ment cost. aid. 
proved. | executed. 

Ne wHampshire. - 47 | Merrimack and Sullivan......... 1583/4 Gravel 2 A242 e6e samen eeake reas ae ee SULLY ome 0) oer rays $17, 223.25 $8, 611. 62 
AS) ;CHOSHITO st sacanaan nee eee nee OMMn eaces COysiepemes 6 Meets nee eels July SL Sie aeeetase = 19, 152. 21 9,576.10 
52 | Sullivan and Merrimack........ Leo Beet do. £3: Laes A pee oo. ante ce JULY 26a ae cae co 15, 044.15 7,522.07 
56) Cheshire... 22 saeie totter eee BO sOa eee On: eae ee eee ae Mae zee fbi, PAL | Re ees oo 11, 478. 83 5, 739. 41 
58. \Gratton <s..54 ee eee lay | Eee Gosseteee 2-2 See Foe eee ee se diols ass ASP = oe 29,920.00 14, 960. 00 
64 | -Rockinghani:  2ies: soce seers erie eRe 0... a8ga78 bie Ss eee eee JUlye weiss se 10, 998.08 5, 499. 04 
G5 PELs bOLOUg seers ae seer tere eer HEASI isos Osseo Settee Ace sn eens Sul yee) || eases 2 13,111.56 6,555.78 
681 eeeee dO ee eee 1327 seeks oeeseqes. 2 See See) ee Uuily Bil |. ee 15,128.19 7, 564.09 
69 | Cheshire and Sullivan.......-... HVE [aaa e 8 CO. REE ccvn.s case attic cee ee Joly 26nl pees 9,775.76 4, 887.88 

New Jersey......- 3 | Somerset and Middlesex....-..-- 8s O4 i CONGTOLE Seer te ee tees Bam eo eee Cty eens July 1 207; 053.90 76, 800.00 
3 All (Monmouth. seaeee se eee eee L259: Sl eeees GOS ose hn eee ee eee ea ee doxzse2 87, 254.64 33, 456.05 

1 Atlantic 2S oe eee on eee EAVES || ns doz. seeeeee Pe ee. eh ae ee July 19 163, 839.74 81, 919. 87 
Oil See. Owe se cis on ee ee SESE lecicas dO. lSs282) 2 ek be c-bals-p tise eeemee JULY | LS ese sere 385,378. 31 192, 689.15 
13 Gioupester and Salemices axon acts (e208) sees GO. S2Ra. te Oe ee ee een ae Br6 Coe Bene ao 317, 635. 21 144, 760.00 

New Mexico.....- 15) |) Dona Ansa: is 2i5%. 228 2a: 11,68; 9)|zsce owes HE Po Pees tok ero ate al ieee See July 11 229, 246. 84 114, 623. 42 
ON NTT AOS Re bie en a eee SA00 BC GTay olsen sh We ee ee ee ee Sly cee eee 96, 000. 00 48, 000. 00 

North Carolina... 16 | Haywood Graveliand:sand-cliyices on. see sae ome ees Silica | See pee ee eee 115,000.00 
25 |e Person ase ees . Sand-cla yee, Pere stec ase: soca seine selects TUL Y OL ee teense 76, 440. 43 38, 220. 21 
DS ELGoceee ee een : GTAVCLe So aee ek De: ae ee ees, AY (il ye. vin | ea eeeeeeee 2 27,933.95 2 10,000.00 
40.) Unione eee eee eee : Naud-claysoneravele sew secs eter ae [sean ees July 9 10,679.51 4,000.00 
41 ; Watauga : GTaVel SA. Gaeieiecinisoie5-)- ee eee eae Tully aeifasaeeee ees 61, 652. 41 25,000.00 
AGNI TB OallOLt beens sce tase eos «18 | CONCTCLG: ic. sacesSeeeee a= aa ss Serene io-G0.ceeel| eee meee 24,178.70 12, 089.35 
AT | aGuiliond ae aoe een eee 4. 626 pouctere orlasphalth.522s-es eset July Slee ee 144, 036. 86 72,018. 43 
AS AMIN OLEH aT bOleee =e are eee see 8:60 | “Sand-clay ac asme sess smasec. - sara dpoihys Pal ees Soe, 45, 815. 00 22, 907. 50 
499) Luenoil 4a. Seal cake See eee 6.017 | Asphalt or concrete...-............--- Suil'y-615; || eee oe 190, 833. 50 95, 416. 75 
bl (Guilford. See. 2s oo. eae 7 BPA BA Sae GCS a2 Geen ir hd abe ann ooue aus July 26n\ 5 eee 59, 118. 40 29, 559. 20 
52 | Cabarrus.63. suwteae See ee. 8.986 | Sand-clay or gravel.................... Aly 6215) Serer wees 96, 857.75 48) 428. 87 
boule Moecklenbunce = sere ee eee ees L051. ||) Bituminousses-eseeeeree sees tee JUL y. 204 ee eeree 241, 943. 76 120, 991. 88 

North Dakota... .- 44°) *BoOvkineall:- css e Ne ee eee 4°50). \eWarthiasc2eaeee 2. shea se ceee ne eee =< =e Jiliy pS: || ees 20, 000. 00 10, 000. 00 
AR a HOSTEL: copay ae erasiee bee ee aes DUO TR Seer. don Soaeetee eee se cceoee cena. bib Al eas. ones 19, 800. 00 9, 900. 00 
Sl kGrandgul orkce- = seme se seer aes 1. O87’) Concrete ests cet he a. sane cs ate eter July 726.2. 22oeee 39, 605. 50 19, 802. 75 

Ohiowet = 2 eee AQ IRMOdin as. <ceee. eit ooo ot eee 4/3 Bituminous! Ol CONCGUCsaeyceeae eee eee ee July 1 153, 000. 00 75, 000. 00 
53 | (Mercer. 2 2.425.906. 2.2 tere O.N4 >| \Concretors on-set aeeeactace Jil yee 28) eee 166, 000. 00 61, 500. 00 
hl oes SUN ae cars cee eee canes ce 1.68 LOO:, So cee Mie wen reas ee eee Duly? ||eeeeee 51, 000. 00 16, 000. 00 
634 Hamilton sees neat ce eee eee 2.75 | Bituminous, brick, or concrete........ July e290) eee 186, 221. 20 55, 000. 00 
G4iSelcee GOn Sees Sa eee ceased 6. 00 BC RBG Aad scrioh Usser Ope E Scare Jul y2Sn Eee: 423, 066. 60 120, 000. 00 
71: tDarke sh. ese asa es ss ee 4. 60 Concrete. BST HANIA E AA Dab ahS See ae BOe July: Ls eee eee 162, 000. 00 45, 000. 00 
72 pec OS Beg oolnasa ta ee oe sess is a Saas oe FER Os 5 oe e Go GS Agora me ey Aes bo LOU epee eevee oe 000. 00 45, 000. 00 
(ead do Mh teacuere 4 eee fp BOM | ier Oe abo einen or Sanea. eee cee one GO ss-te|| sere 137, 000. 00 45, 000. 00 
$20) Guvalogalease.- cesar 2.73 Buick: ONDIGUMIMOUSS ees eee ees July, | Sees 144, 949. 00 54, 600. 00 
S3 iene (OSH eee a bee eae seme eet 9.76 || (BitumMinousee eo ses esac a eee July 15 eeeeeee ee 163, 370. 72 81, 000. 00 
OL EW 00d vee tet Se occt ope eee 6. 74 10.2 PES ARE. Cae Seer See Fuly; 11 |Peeeeee 165, 083. 60 37, 700. 00 
99. Cra wi0rd 2 we sceet-ne se eee eee 2.36 | Brick or bituminous...-..-........-.- ed O22 a4|ceeeeeeee 106, 000. 00 25, 000. 00 
Ob EP auldin gees seen aetna nt rao 3.00! || Brick-oreoncret Gssae: fee = see arr July. 31g) Sees ewes 114, 000. 00 30, 000. 00 

Oklahoma........- 74| Muskogee tere tinned gece: 2, O00) || (BIG MIT OUS Re oe ee leet mee mies eee eats eae July 21 84, 189. 60 42,094. 80 
IDS DG NDR ah see 8 Set es Sepa ae 46.158 | Concrete or bituminous. --.-...-...-.-. Vulva dl |seeeeeceet 1, 271, 555. 64 600, 000. 00 
15 aeWiashing tone. certs fs -eranaeaee 20.00 Concrete sa.co. «cement nano ee eee Jaa yes al ee eee 500, 000. 00 250, 000. 00 

OTezoneee eae ea-a: ON EBaker kee tocnceeeec a tcp yores 4.65 | Gravel...... BrGUd Ho CAGED ARE Be Gsnor il eseeaeeeer July 11 51, 224. 54 22,612. 27 
20); Wiasc0sect ...4-teees esos cee 11,50) Asphalt or concretes: -<--2-.-2-25..--- July sls eos eee 285, 000. 00 117, 500. 00 

Pennsylvania. ...-. Ma WGI CO eee ante teers = eel Pees cteraiatere Remforeed concreteter =. esse sess eee eee July 2 1 54, 048. 77 1 49, 800. 00 
34 | Berks and Schuylkill..........-. WibO » INCONCEELE Ae oe «oe ieee ee eee July 19 437, 949. 95 158, 321. 35 
AS! (Contelincce ses .fehuweas Se racesee 5.29 | Concrete or bituminous..-.-.........-. JULY Sad, eset 251, 425. 74 105, 800. 00 
AG il sancaster. see sete eee ee 7.137 COOL eist Mie cee ei aee Sn oka 52-002 s cece 292,931. 10 142’ 740. 00 
47 sy Comings: eee eee scene 7.44.9] Concretosesiaee Meron te een eas July, 10) |/Sseeeeeee 361, 452. 30 148) 800. 00 
48 |) Pottersk a: -ae eo ee 5.00 | Concrete or bituminous...-..........-.. JUye tie eee 245, 789. 15 100, 000. 00 
49 || "Daiphin ek ---5-cpseeee te eee 4,69).) Concretenpat sca setae ee ae ae ence July 16ie-e= eee 197, 110. 10 93, 800. 00 
50). |eWancGastele ase. Ae ae aera 4.07 | Concrete or bituminous..............- Juliye 5 ,\eerereeeres 193, 237. 00 81, 400. 00 
51. MeKean 5a eee ae eee 5296. |"Concreteorbrickass: seem cae July sb yee eee 296, 181. 60 119, 200. 00 
o2 | Northumberland: 322s2-- =e: 4.81 | Brick, concrete, or bituminous. ....... sos 0..:2%8\|-.c=7ne ee 193, 247. 22 96, 200. 00 
Bd Bucksi in. & a. e eee eee eee eecere 2.82 | Bituminous or concrete..-..........-- Jaly., 2OMereae ier se 110, 207. 90 55, 103. 95 
574|| Clearfield ee 2a eee 2: 4675) ConcreteorDrickasee es sass ee ee = 600. Se alee tee Seer 111, 782. 00 49, 200. 00 
BO Wehi ghee st heya seen eeu BalO. Gi steteclO-the ee eee geen ee Rae (2d0 eo Reeeeeate 265, 482. 80 114, 000. 00 
GO PSomerset-t 2 eek 2a ates 7.14 BGO. .inemyh) 2: SBP Bio 3) A en cee js LOS Ai eee 457, 066. 50 147,071. 00 
Ole SO. en ere Sta eee 6.06."5| «0 a8 O0.. eae ete enn oe eee JULY OL a eee eee 295, 755. 90 124, 466. 45 
G2HGSullivan stem eee are es 3. 29 Asphalt, brick, or,conerete. 2.2 a-. cee 3 COA celine Sere 5 185, 697. 60 65, 800. 00 
Osa sousquehann acca eese = eae eee 5°73 | Concretedx.. 2k. eee een ee sn O seal 2 sees 265, 433. 30 114, 600. 00 
64) Tioga 2 baci dee eee ae 5.31 | Asphalt, brick, or concrete..........-- 1220 0%. c eee eee 276, 995. 40 106, 200. 00 
66 | Lackawanna and Wyoming..... 13.24 | Bituminous or concrete..............- July 29 |e eee 609, 232. 80 304, 616. 00 

South Carolina... . (al BET ORT: $2718 eet aoe re 20.3008 || band-Clay: s.06- eee ee nae ee ee July 19 63, 827. 58 31, 913.79 
ZAaPoOpaltanDUre- eee age coe seeps 1,83. | Asphalt asses: ose pet cisane see seal meee = COseeee 53, 146, 42 26, 573, 21 
25a ORIN PLOM) 225. ens eee Heeee eee 2 PRBOYE |pusrrite ed ERS) 3 tecsen< daceneenemIokeaasen July, 29) |S seer sees 67, 693. 58 20, 422. 10 
SOME DCAIIONE op ass Serie see ere ieee meee eae Bridgesplerssie: \ see th oe 3.2 ose 5a 5250 Okeae fil\. 22 eee 13, 192. 30 6, 596.15 

South Dakota. .... LOM arke S eyae eee lr see cartes 16.45 | Gravel 95, 136. 52 47, 586. 26 
CXASSo2.s2- fence LS WE ram icin: Gey. See see poeta se 12.47 | Gravel... 58, 920. 00 25, 000. 00 

DAM eCall skate cee eae ee ae oe 22. (Opn aewee do. 3 180, 065. 72 3 49,773.15 
Saw VAM eN Cte co eher saan ea 9. 889 |..... do 88, 240. 22 40, 000. 00 
SoulEHreestoner otek cease ne eee eee 10.30 | Gravel or macadam 154, 213. 41 37, 500. 00 
SOWEMOnTASIORS <2) isto pecan sce 18.00 | Gravel 202, 276. 93 100, 998. 87 
OL IRMa yon mec te ae ee te ee 2.998 |..... domes 13, 618. 48 4,950. 00 
O21] FELOO CR eee Seok si ta emcee 30. 00 aTaVel ang Macadam aoe sass = JULY Ly eeeeaese 208, 397. 86 70, 000. 00 
04 PBaY OTE 2p wee MEE fas eke ieee 4.313 | Sand-Clayies cee hase ome eee ese ters July, (29 | eeermaee 21, 400. 15 10, 692. 22 
95 | RedwRivetas 2-2 se oe ee eee 2.20 || Conerete.and gravel: oa.. 222... <22-7.-2> Jtily 210) |eeo eaten 30, 000. 00 15, 000. 00 

Wiehe. 5. ose 21 | CaGneme eres MSA eerste, 10145 2 | Concretosie sae. me sen 2 perenne se eee July; bys os eeeeae 291, 280. 25 145, 640. 00 
Viermombe. <<; eee DUG Chartier den erate see sere er 1.40 | Concreteor bituminous.............-.. 3, 460. 26,730. 00 
WAS at fs ere oe a 7 (wAdbemarlé sprees. 8 ose ele ees Macadam. cre ee. to eke ee 14,131.34 

9 4 (Chesterfieldicanine'ete eeticonel ooo) omic teareicts COnCreteaiy.) fe Bo eee ee ae eee 13,908. 69 
10 | James City andeyork 5-2-2. |) 22 = eeea|abes Oj. ESSE F Es Si Ska ea oe eee eats 19, 887. 22 
29 || (Princess:Anne seeder eee PITHY, | ARE 32 0.” saab ee AO ere een 42,180. 30 
31 | Northamptonessee- 23. sss. ee DO eer GO). eee 2-2 hte ee Se Se ee 22,995. 50 
34 i) "Norfolks (eee Ree secre 4. 59 iisaces COSEEee e e  e. ee eeeee 66, 475. 20 
36. | Halifax. (ose e eee ree eee Sse md seer CO... S725 72 0. Se Bases ce eee 46, 251. 42 
39 | Buchingham= yas: sass eee GL LS FiliSand-clayawe: cs skt mee ae ceo eee i 24, 708. 75 
41 | Alleghsaiy; 8 oe meee eee 9.50 | Macadam and bituminous...........-. 82, 304. 75 
42'| King: Georeeas.. epee sence eee eeee b:10 A\WwOONI=ClAy. ase =e Se ces oop ee ae , 026. 18, 013. 05 
46 | Rappahannock i6.i.2.5...----- iv40-ay)eMacademiss...o: coset enh. See eee ee Ditilye 20 jl Rear ha eee 133, 210. 00 66, 605. 00 
58\| Prince Georgerstaa.tc.cteeeeee 11, 00 .\cGravelljsttts. 2: e035. see eee eee Jualiys AS e ei. Aa 72, 820. 00 36, 410. 00 

Washington... ...- 33 || Clarkes! SOG vate © een ere 4, 25 eal COONICPOLO Re Seen bs Se ae ais eee eres duly 18s see ee 120, 899. 35 60, 494. 67 
35 |) \Wibitmiant 33 cs eee ee 21.95 4|\Macadamin eres. 2 20%). 5. ee ee eee EO, Lene Seas tee 253, 922. 51 126, 961. 25 
36) Clarkes tos. eee eee es. 3.:32:5 de CONGLOTOSS.. 5 ..< 24 eer tee eee nae July, 1SiPeeete see 79, 085. 05 39, 542. 52 
37 ||. Douglas, bse tu. eee ee. 25:09: ) Macadam Boi. ate Hee < cena tear tert 10 2) cyais)| meet ee 25, 399. 00 12, 699. 50 

1 Modified agreement. 
2 Withdrawn. 
3 Revised statement. 

Figures given are increases over those of original agreement. 

Figures given are increases over the amounts in the original statement. 
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FEDERAL AID PROJECT APPROVALS AND AGREEMENTS FOR JULY, 1919—Continued. 

Project I th yest pa bs Estimated Federal rojec eng state- agree- stimate "edera 
State. No. County. in miles. Type of construction. ment ap-| ment cost. aid. 

proved. | executed. 

Washington ...... POUMOVAKAINGA. | eo ce da. oscngccose ee 25 95iy | ;Coneretesmete ta acee. Os ~2 = 2 <.<-50s. ace JULY 220i ie eee. $115, 123. 25 $57, 561. 62 
30 (Saws GORI: Sot ee sie eek 5819 toate dO, thew a eit eee 0 sate His EEE 170, 045. 70 85, 022. 85 
AONE WallakWallace cesses 35788 nee dopey oes Oe 5007, Ral near a. 139, 901. 25 69, 950. 62 
Air anetONe a = ee ee ee 6277) (hGravel eee sR ke fo Jt) ye- 22 les ee oe 108, 591. 52 54, 295. 76 
AZ WGPAYS4ELAT DOT Sa 2m tatts 3 o as0re.5)5 nce A207 \ECONCTOUGME 25 goliath saith cai cige Be July 20) |eseeeeee- 119, 907. 43 59, 953. 71 
eee CMSs Ay. Sa oe eee eae pa fe (rene CO Rohe eee ah ee eo ee uly 22 ieee 82, 558. 30 41, 279.15 

West Virginia... .. BLT OWI EA ae wletae Sane? soaks Te 25 pRB TLCK: See Some Fe oo boas a aie aso Pootne eee July 11 56, 500. 00 25, 000. 00 
37 i ES 7.O} Cli CODCEOUCHN a 828 s REI = wick, saiese aa Haier es rw a bh La ee See 1 32, 979. 92 115, 200. 00 
48 5. 00 EBtrb.. seep tebe | = te tha cclo2s.sepn cae els saletaeeee July 18 66, 000. 00. 33, 000. 00 
49 1eAQ MED TICs eee nO eee nage eee Tl ya Spee: see 50, 796. 00 25, 165. 00 
50 zoe DP OA NSLS A ae, oS Se ee ea ae Stil yae25)'|o5 asters 47,170.90 23, 575. 00 
51 Sel eae OCR, cs SIA 5 i Sees ae a a a s- 10) oalemeisaent & = 66, 000. 00. 30, 000. 00 
52 PA sali 8) UC) eee, SOR EER eS See July aie eee 53, 250. 00 18, 300. 00 
BS, (PE BEMISON $.0 5 2. Pace a5 oamleasaee 2550 -,  ee Owes Foe. os chs Poo - ea oye ss aes JULY 15, eee sasee 88, 265. 50 38, 000. 00 

‘ O+ | GTOCN DUCE: .— sepe. h ase secema 2400) HE BICUIMINOUSte sas ese once ances vee 2-0 -aees eerste 30, 973. 80 15, 486. 90 
WISCONSIN. 5c... 025 DO Ne OLE Seok a nee esa aaa 13312% #Gradedand drained earth. .th4.-- tos eelene. cee July 21 53, 983. 04 17, 994. 34 

23.\b LaiGrossen. i: see te oe bina en te S72 ee OTL OUISINACa CAT. 2 be xe cone o | ee eee July 11 41, 771.67 13, 923. 89 
Bis |lavlor eee se es at. pak 0. July 31 34, 077. 96 11, 359. 32 
SS Marainon: 32550 e-cne.eis2scer. July 2 28,649. 78 2 2, 883. 26 
A0 Ht SREDOY LAN << cases cecindananecane July 19 24,045. 42 21,348. 47 
55 | Door and Kewanie 8. 3 June 30 3 50, 950. 27 3 16, 850. 09 
Gi. WNTONTDC eae a ee ee eee, ZeO 25 A AOE COE epee ceisler eee ae <:scelela prasad aim aiels|) OLLL Ye OLE aeeeeeires « 30, 446. 68 10, 148. 89 
SO | RGLeenee soe San een A ee oe ave 5. July 15 38, 996. 94 12, 998. 98 
OF EMULE Ofte epstertis Sse ck coun aes ay oy FT Ou | eA CLOVE ae Be Pee He cc. SE oar ayaiupe thy SULLY ou ee eee 4 20, 601. 46 46, 903. 82 
DOH Pe sh DUE eae este Be Ponies caw 4, July 21 25, 998. 73 8, 666, 24 
OTA IS Rees, So oe oe | eign ore 6. July 16 24, 018. 98 8, 006. 33 
03 Marcanot teases eect doa SS 0G aApSand-clayy merase nace 2a testcase Sim July; 21 seen eeeee- 25, 386. 35 8, 462. 11 
04 Maraphom. Sa o26 . cen bess aiemi- enc SESD Eg CODCTOLOMMMN S wciaae= foe se ana 4 ae uly at Tale. see! 103, 170. 90 34, 390. 30 
OG pean Wars; ae oe ee de cece eas DOA GTA Csr eate so oe esters «45 oc .ceks Jil yge28) | ease ese - 50, 292. 00 16, 764. 66 

: OS. WASH OUT ta See Macon te pa cee Te aye Hiab nalele.). 2-4 Dees eee eee ie Ilys Soles seen 5, 995. 00 1, 998. 33 
Wiyomincs. 2 See: BS PAL DAN Wile ae te moe ot. sees 25100 si Mia ca a nts ems te eet ar otal cc. ade a a ae ser Salve 8. eee ee 25, 575. 00 12, 787. 50 

otal we oa.206. Peepers och ee oe TY GSGRSO Dial es Ste et SR Ai MD Ss sed ald a a Mee 26, 849, 264.51 | 9,814, 599. 31 

1 Statements heretofore approved withdrawn. 
2 Modified agreement. 
3 Should have been included in the June record. 
4 Revised statement. 

Figures given are increases over those in the original agreement. 

Figures given are increases Over those in the original statement. 

FEDERAL AID PROJECT APPROVALS AND AGREEMENTS IN AUGUST, 1919. 

; Project Project ; 

State. Project County. Length Type of construction. statement| 287ee- Estimated Federal aid. No. in miles. 2 ment cost. 
approved. signed 

‘Alabama....j. 00.0% 26) BR CLODUTIO NAA. cee ote RR RA ee nateeee oa Cra Vc ae aah cc yo neler ge rate diziaisiemieies Aug. 29 1 $15, 933. 65 1 $7, 766. 82 
Ae Daligdela. Ms Sate ton cemenekae Dah San GEC aye fs i ee serene ATIC ME Shiboseeteee 42, 056. 74 21, 028. 37 
o> PCAlNOUTION Be uO f= cick ease 3.2 Od 0 Seo ee Lee FANT E EL OV BS see 16, 412. 00 8, 206, 00 
OS Well CMM ates aa A wo meh eee Se GRb i euleaeee GOS arceste ees ee nem settee Ae ey | See 36, 795. 00 18, 397. 50 
GEO RETR Gtere eee SRA ce Secs 134963 IGA Clee goes 7 EVO LER pa ee ATI OS 122 ese 103, 625. 50 51, 812. 75 
65 Riess Gls 2S Sees Sh eee 8.83 | Sand-clay and gravel. i .....2...22-000- cAI 21 60 | a. sae ae 50, 336. 00 25, 168. 00 

ATIZONS <.- 21 fe i | COCHISGk, 25Me. <RA. bob ceca coe 8. 463 | Concrete 232, 799. 83 116, 399. 91 
DD WANDER AB SREB 2s Sc Hote: 1.961 | Macadam 121, 969. 17 39, 220. 00 
13; |PGTeeilos -meeenes fee cre FAD T OM GTA VOU RICE ee = a alec Seaens ia Ptaicia 171, 900. 85 85, 950. 47 
HN Toc CAAA eee TREE Dyk ol orcge coe | 5.0 Macadam 166, 761, 98 83, 380, 99 

Arkansas.......... 24 le fee Drew, Chicot, 152,99 | Asphalt and macadam 2, 684,177.10 332, 000, 00 
Ancoln. 

26 | Jackson.-_.... oe eG eee ee 14.26 | Bituminous 134, 184. 31 60, 000. 00 
2S. BO GURUICISRS: SOR. p Sooc too ke Lh 19" Gravelseaseee JBM ptt, CAs eh eee Ee 268, 262. 72 50, 000. 00 
20 Craiehoad Soe. se Arle A yokisie 5.62 | Macadam 79, 714. 80 33, 000. 00 

California......... WI): aera (Oem Be ek. SR ce cee eee | 8.17 | Concrete 246, 668. 29 123, 334.14 
AD Ais eros ee ee See Te a ees | 14,89 SALOME Armee Bret at 8 os ashi 266, 667. 85 133, 333. 92 
iW Loseameeless 8Y hos S22. 17..62 BE ECL aera Reems oe 9 Se 310, 338. 10 155,194. 05 

AAD | Mendocinost Meek ts ene DA 12a WE ATt bee pie ee INE oe eee Se Se 152, 946. 92 76, 473, 46 
LGA! Gelohacopoieha ea a ee pee ee ae 2. 80 ae CLOSE BE SRE 82 kas ee pnnrn coe 39, 471. 56 19, 735. 78 
ih DeUN orfa sk. eek bese oe | 7.73 eayolewe 2 oS 8s ae ee Sen eRe 239, 133. 84 119, 566, 92 
if Wend ocino se. Sek ess ee ee | 9. 73 BOE. awe Se ee Te ee eee 117, 368. 84 58, 684. 00 
Sa EGE: aii Steer oe oR ae Ene ee ne 5.19 | Concrete 167, 255. 00 83, 627, 50 
227 IGOSPAN Coles #.. Mae Ad cotccccG eon: | THOS eres oka s- 42, 240. 00 21,120. 00 
a a ee (TPE, Saas ee Sb ee ee ea 5.23 | Bituminous..... 94, 624. 75 47,312. 37 
2a Ap OFAN CGR SAS me BT aoe | 9.375 were AOR? ek ee. eee ee 145, 225. 85 72, 612. 92 
OF oantar Dar paras: 22+. ocenences 2. 3.56 | Concrete 85, 382. 00 42,691. 00 
Pa iig| LECT ae BIE “eS ek eS en a 10.7 BENG) 35 See oe oes i oe 324,170. 00 162, 085. 00 

Colorado’. ..4-82.2 LON AdaiS 23 see ee doe | 1.786 | Concrete or bituminous 42, 793. 96 21, 396. 98 
PA gO eho eee. oe ee ee ee eee ee .4 Concrete 10, 654. 87 5, 327. 43 
22 eee CSE. Stee RRS oe eee 2) 407 (ae Gly: fe ee Deo) eee ae 10, 572. 92 5, 286, 46 
2 ay AC Tat HUY Se, SP RPE SB eel ae 6.6 Earth and gravel 20, 363. 85 10,181. 92 
BELOW OT Sees ise en oe ire eel 1.408 | Concrete 39, 508. 70 19, 754. 35 
Ol) BOLON Ose ees, RE. ee ee Soe Stee | w ALS sles GG tees ee ere he ee. os 10, 618. 85 5, 309. 47 
i} a ba ee ae efi Spee ee ee aE TA lees Gite. Ties Ree eae eee 10, 602. 07 5, 301. 03 
D2 eee. lors 34 Ba Ree tae OR O00) | aces Oly Gao. ES ee RE eee 23, 097. 80 11, 548. 90 
63? Lae. cre) =), eres Bees ieee eer 5 OLS. | Sees "NCW eats we ee ee oe ee eee 23, 431. 65 11, 715, 82 

Connecticut... ..-- fa] iis Pe ee ee 11.18 | Bituminous 314, 060. 89 157, 030. 44 
Delaware.......-- WBE WIN own@astle:.- S65 fama Se ets A OPiS tiCKes eee a CRS) es sacerorwne tae 50, 734. 64 4, 500. 00 

PAP INCREMSUSSO 2a eee ace Gane 4.006 | Concrete 175, 395. 55 36, 000. 00 
plorign.. . 23: a5. iF || MBC So) ye dae Be. ee ae ee ee eae © Rip ct al eae ae (ale Cre ee: eee Se eee 54,570. 67 20, 000. 00 
e0rgia?. . 2 25.28 EW @RATUCOTL 2) eee ars sees ers See | 19.2 Bituminous r 285, 441. 86 142, 720. 93 

18 Pulggk) Seeley has foo. het ee Bridge and approaches....-..-.-.----- AUS LG later 180, 932. 40 90, 466. 20 
tdahow .... 7-68-28 UA] MTT tos oy es: SO ee eS 7.4 IMACS ORE 28 es ie Sabre oasis ATIC. LAs |baeke- oe 74, 955. 54 37,477.77 
ROIs: 32. 3-66-86 21 | Du Page, Kane, DeKalb, Ogle, , 11.446 | Concrete and bituminous macadam }......-..-. Aug. 4 306, 789. 63 153, 394. 81 

Lee, Whiteside. resurfacing. 
20 ae tive age bee re ia SS aan 45854 ans. OK eS al te Te A eee ens Seeecranee .-do 152, 968. 94 76, 484. 47 
2 Ween Orne a at Reyne eee eee >8 es Cl eee WEE ee ee ee nes | ceee eno nae ..do 2 23, 632. 72 2 20, 990. 67 
21 tone ‘aio Ss SS Senate, Foe dale | 62502 [bees aE Se ROS Be Se ERR Bey eee POET ee .-do 205, 336. 71 102, 668. 35 
DOCU RARE LOU TOLS = ee aa tns ne oe athe oe eee Bituminous macadam and concrete....|......----l--- do 12,554.17 11,277.09 

1 Modified agreements. Amounts given are increases over those in the original. 
2 Separate agreements for portions of project No. 1. The first is for sections 1, 5, 8, and 18, the second for section 4; the third for section 7; and the fourth for section 

15. That for section 7 is a modification of the original, and the amounts given are increases over those in the original agreement. 
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FEDERAL AID PROJECT APPROVALS AND AGREEMENTS IN AUGUST, 1919—Continued. 

: Project Project Esti 
State. : cg County. ete Type of construction. statement pad sia Federal aid. 

Digg? i approved. signed. ; 

Ruidianae eee | 9 | Bartholomew, Johnson... ...... 40.00 | Concrete, brick, or asphalt............ PANS 27 |x se $1, 353, 330.00 $676, 665. 00 
TOW Ast as de noe 12 WDallaszs 52.0 a. eee enc eee era 16.8 Gravelaveeccees sa RNS oie. ote Roc ee tat ohh lo SPIER | ane arg, rae Aug. 4 37, 288. 07 18,000. 00 

OF | A ppanoo0ser sees ek eee ee 10758.) Graded. earth so. soe ate. ocar-wetorenroseesale aernea nae Aug. 26 50, 649. a 25, 000. 00 
28 SLOUK ante boo eee eee eee 24.4 Arh. Roe Se aici nae nce eSATA cealeeate ea et2 POs er aT, 782.1 29,381. 20 
84: | Keokuk... 92 2a eee 12 52U Ree GOPASI OITA Sy. Peta. t Rogie tines Aug. 1 58, 366. 75 29, 000. 00 

KiQnsag: ......4J80 see | LO WGeary. sj. lee eee eck cuentas nee TAT Concreteree-eeeeetneeeee oe Aug. 27 270, 809. 81 112, 065. 00 
2D BW WWCy aa OUCO=t a ote ae teerre eet 1.274 | Brick or concrete Aug. 26 §2, 512. 07 19,110.00 

BOM VON Sereno k CORE eee Aen Peavey WE See Aa at he Mirek adie icitsetsaehets 16 eee 1, 131, 539. 20 306, 750. 00 
WOUISISN A. a ee | 19) St. Wand ye ceases sopren cy ee eee 11.3 GTavel = Eteo. ott e- 2 ac pase eae oom eck peers 130, 537.33 50, 000. 00 

21 WieSt..B Stone ROUg Ok crores srsnctotete ait ralel are Fe aia icterePee ese eh ae se oes ote eemmereca nists saree Aug. 11 117, 263. 54 1 13, 128. 94 
Bo NEALE ogee ee oer eee ee ee 207,23 ea ee eee C6 Ces SM, eee AeA 214, 629. 58 107) 314.79 
tel | Ns havenh of: Waveyzfeey, ek Se Ee EAS 2.50 sy eerese 0 a. Sc wigas Batoee ateeeepecmctes 110, 777.75 55, 388. 87 
38. Natchitochess are eaceceteer ee 7589 eal epee dos. Sosa so Otome ccc beee en ce aes 213, 756.51 101, 878. 25 
43) | Caleasiou lt Be ses cere r acento Dial shellandieravie lemme = cnperriameeeietete A 245, 092. 59 122, 546. 29 
45 Caddo sesc. = sake nae see eee 8.35 Greveleestih 220 tcc cc heerlen eiceeee 33 65, 945. 27 32, 972. 63 

Maryland.......-- 6A| Prince Georges, Howard, Balti- |.......-.-- Concretovieith josetses. 22 tlcieae caariomn| i: oases sali A Same 2s Senmeete aero g 118,524.98 
more 

14 Frederick, Washington.......... 3 99, 849. 97 49,924.98 
LGy|) ELO WATE ww. cereun sale actere steerer 2 97, 838.95 48,919. 47 

LijA:|| RATIOL GS 222 ices coer epee 2 70, 781. 28 35, 490. 64 
1S COCHISE ee teas een rae ieee 2 69, 966. 88 34, 983. 44 
QOr te or Chesterts: ete eset erates 2. 65, 976. 60 32, 988. 30 

Massachusetts... -. 10 tNorlolkt F502. tad cee per geet 2. 81,374.75 40, 687.37 
TD IMORC > SON etm. Le bab eee LY os 2 Byline OPN ne 8, Ne Be oS 7 lle ea : 43, 703.00 21, 851. 50 
Ts SWiOrcester: cen scp ce eee 2, (9 fal sCOnCr ete esaena- eee eee eae eeee 124, 533.75 55, 940. 00 

| {ONL BYiStOl Bee so: Geos aa ee eee 2) 116 yl eae 0. Loki ag, Sot beet eemes |S een aes ; 86, 898. 90 42,320.00 
D0 Middlesex fe = tate -t2.meceecor PRI EI |S BM AbboAtAO OR, & Mes chic assanos aonb sy yoolboe ooaceds : 43, 703.00 21, 851. 50 

Michigan... 5 ese 20 (Van Buren, Kalamazo0..sc2-+sn| eee ee see Concrete Raion eA s hee scene eee Seemesee tis ; 1 54, 275. 43 1 36, 863.75 
24: | Berrien...s.e seit oes <a ro ae oe eee Macadam surface treated.........----- 1 38, 975. 27 115,058. 22 

Minnesota......... 1 | Pinens.53 ect ee eran sada Sete sess Gravel SEAR: Seca aes out ee on ee ee ED 1 37, 568. 55 1 24, 859.34 
D0 GOO GHGs me ae eeer Le cyan sans ey athe | See eee RIE OFIRER ts SS ey eee eoneien 1 12; 519.38 1 38, 002. 86 
OAD AKOUS sae. enc eeeee Reece. ceeee ee 6.0 Concrete, brick, or asphalt. .......--.- 205, 031.21 100, 000. 00 
24 | Morrison..... 2:40.85 9] NGLAV Ol cac.cccnseke ee ent alee epi eit 275,196.00 2 23,798.00 
36 | Faribault 2617 ieee COE ee reece eee eee 162, 699. 68 81,349. 84 
30] [MEU OTe See eet ree eer ee ae ob llemane dO. oe. oe shack eae eee unes wees ats 66, 607.30 30, 000. 00 
AQ UMeckeri.2 s2oc essen se he. ease 16735) Meee-e CO WER MSIE OME OL Sie OS ESE 115, 867. 40 57,933.70 
AF FOO. sd Re ee Sees ee 1672005) 2 aaee GOBASE Re is EE 5. SE 73,076.32 36, 538.16 
5D Wi htasCas sy a2vi-dte ge eee es com eee 920m Ween GOs VIRUS SEE aes 60, 106. 91 30,053.45 
53.) yon as. Se au een one ee 940 TS 2Re COTO HS SUES Le SSE Lac eer 103,938. 84 51, 991.92 
fay ly WeeKee polled ae See ee ae. 6: Die lees Os asain tee sane aoe eee eee 9,605. 48 4,802.74 

| OGul anes OA ae ie Se See Ee c | 16: Sigg eee CO raha se ot See en eee eee 33, 289. 73 16, 644. 86 
58 (NODES! 2s Pos: Gok Meee ene 5.5 Concrete, brick, or asphalt............ 145, 617.34 60, 000. 00 
G3) DOOM ODS a2 ae ae, Seen ee ee ae te oe 9.48; "Fee GO sseeetire carncene see eee ee 267, 346. 86 133,673.43 
G4 ARI GG Aer seeeeitte cae 12 See eee COs Sheets onic oe Secon seleteiestes 420, 444.49 210, 222. 24 
CTO nine TOMAS ae Senta en eee Sto! Gravels o.jand. Ses cect ogee eee aes 23,325.17 11, 662. 58 

Mississippi. .....-.. | TS ean se Sete. cons sericea Salone: 06 (a ieerd seo CO Oa IRE ort 20,774. 59 10,387. 29 
30 |) Lauderdale. ss a05.02-isesc¢ acc Gii2ielaeeee UPR ane nbe oe io Aboeemmacr en nee 40, 259.18 20, 000. 00 
40) || Monroe. 3 Besaastecet =a se ssc 14. 00m he. =e dO.2s sae cette none eines mans east 49, 995. 00 20, 000. 00 
Gb) YAZ0082. se0 son pe ce hasesee One eee 6:9 aualteeeee 6 Re pas A HO rs SOTO otercmct on 51, 425.00 25,712. 50 

Montanacss+=..as6 AG PJ OfeTSON As sz se hk 5 ce ieee Bao Marth nsrse atts sco ate nia ain a aesintis 22, 000. 00 11,000. 00 
AO i Meaeher bes sites «cee 2 eens aoe 93) 00 al Sea (i Lop are SA ee See A Le 45,980.00 22,990. 00 
Sie pGalla tines 00s 2c eee oe eee ence (Dime COnCK tees aeeketice asain =p eee 49, 500. 00 15, 000.00 

Nebraska........- AQu i PRD ay CF ct Me RR ee ee eect 7.25 ATA VO liometnepaeek): Sh Bec ee es oN t e e 23, 496. 00 11,748. 00 
49 | Burt, Dakota, Thurston........ 48.5 Warbhse Me oot Se ee aoe tae 107,800. 00 53,900. 00 
56 | Seward, York, Hamilton........ 48. 987 ido: Seireaehias 28s aes rake eae 167, 871. 24 83,935.62 
57 |eDIxon tee ere her eee od 11.00 Sand-clay he SE SEO eae ERED Or 34, 056. 00 17, 028. 00 
645| Riorce. | PRE are mes cues eee ee 12/65. ayjearth Stee Bas oe oo, ale eae 28, 820. 00 14,410.00 
71 | Franklin, Harlan 27.05 71,500. 00 35,750. 00 
7 4v|| OUT ye Begs er ee here orto 17.5 41, 250. 00 20,625. 00 
79) |_ Mocrill {<a eee eS ed 34.2 76, 560. 00 38, 280. 00 
87 | Madison, Stanton 9.9 38, 500. 00 19, 250. 00 

| 95 || Chase....4° 3 s09tehel <2 cecmescce 24.3 47,410.00 23,705. 00 
| LOOs Dovglas: Seer see eee sean 9.9 38, 500. 00 19, 250. 00 

New Hampshire. . A5 Ro tratlord.s2 ae ebeet-econeencree 1.25 9,900. 00 4,950.00 
AGE EVOC ANE Wile meeer tee eee eee eee 1.00 13, 165. 02 6,582. 51 
Aa MOULa Od ee eee Beek eer es 2.045 20,784. 17 10,392. 08 
Glnie@heshire er eee ener tee 2.49 21,903. 20 10,951.60 
Osa Rockinehianitess.werebeeeeeces oe 81 7,474. 66 3,737.33 
GoMeCarTroll Rese tea ee eee eee 1.21 10, 185. 91 5,092. 9A 
67 | Strafford ~80F iseeee 6, 507.49 3,253. 74 
AOs|| CTE RS eee ae .568 11} 863.17 5,931.58 
auiecarvollee aise. sia Seeaweeneeonien . 84 14, 816.37 7,408. 18 
75 , Belknap 1.59 13, 233.13 6,616. 56 

New Jersey ......-. OPM OLCER Baas «. sae tee ee enae 5.99 377, 270.73 119, 800. 00 
10 | Hunterdon 2.03 165,625. 99 50, 142. 50 
14 | Somerset, Middlesex............ 3.665 266, 055. 91 73,300. 00 
HOWE ELUT COCO ne cater ree emcee ee 2.13 256, 319. 51 42,600. 00 

New Mexico....... 22 AEGUACa ID ONs. saute eee eee 18. 00 117, 447.00 58,723. 50 
TSA DOW ACS ae ake Aen ee oer ener 10. 00 87, 972. 50 43 , 986. 25 

‘ DOM TGs a= 2 sos'5 2 6.42 <r epmre eee 21.00 89, 487.20 44,743.60 
North Carolina. ... IS SP Wik VG sa3- oe. AAO, ) ch eh eetene 12.6 Sand-claysorigra ve lessen cen eee eeeate 51,535. 00 25,767.50 

18 | Alexander “ POpPSoil Wes cer be es ecee sis k Marne eee 5 66, 446. 49 25,000. 00 
QT NVOTan gees ass sen. s Doreen sere Ste ‘Topsoiliorsand-clay see. .-e eee oe Aa Seen ; 34, 132. 07 12,000. 00 
42 pS tamleyird- cea sete ote me torent : Sand-clayorieravels 2c. emcee enema ee berate < 80,922. 15 16,700.00 
50 | Guilford........ : Bituminous. ob gee. = sisi shots 3 aigtessa arate 56, 622, 28 28,311. 14 
54 | Wake.......... OM eee G01 sb reihaceehs Cabeneessesoaee 246 , 336. 64 123; 168. 32 

North Dakota..... 7 \CStutsmaen essen te each Abeer Marth siliac kak tye eas ocak ee seen see 14,949. 94 1 2) 474.97 
11 |||. Cavaliers) Stests2 Wo.0-tte aijoneell teenie ae Graded: arth i= {. teats oes seeceneeas 11,090. 86 1 545. 43 
18 |) Ramseyeies22 6. 525s epee eeeiee 4.51 arthur iat oot ko ate deoeer eee 12,384. 50 6,192. 25 
AQ Bottinedt. suse: sa 2 sen enter $701 4) arth and praveliie-na 2 e-cneeeas ee 24,769. 11 12,384. 55 
43 Wee. DOssagen saa Oe cee een aire 10: 13ire|"Gravel Seeeeees see. A. eens eeeeeres 42,960.76 21,480.38 

, 46) Draillet. t.cc ees fener ee 402 2+ |pMarthe< 00 ~ 2.700 Pee cee eaeee ee eea eee 6 400.00 3,200. 00 
Ohio nes. i. foes 11, Ashtabula 2%. jae. terres see ae Brigkor Concretessaee oe eeeme ee eee 63,000. 00 31,500. 00 

24A | Madison 2.47 | Concrete, asphalt, or brick............ 52, 200. 00 24,700. 00 
er erie do 5, 92s ances OPES E Hs nat cone Saas eee 165, 000. 00 59, 200. 00 

30 | Delaware 6:18 | Concrete or macadam.......25.1..2.12 201,000. 00 62,000. 00 
36 | Columbiana 2061 Wy CONCTOLG 2 Sat. < oe san densest eee 88, 000. 00 35,600. 00 
43 | Ottawa To LB eles CBr erie Blinn eee ses ries trie 244,500. 00 71,500. 00 
AT-|\(WO00 52225242582 Sept eee eee 6.13.5, Concretetor asphali-cs= -. seas area eens saees eee 200, 000. 00 90, 000. 00 
50 | Columbiana, Mahoning......... 4. 12s BTICK . Steeles cease ee ate ee seen eases < 150, 000. 00 54, 000. 00 

1 Modified agreements. Amounts given are increases over those in the originals. 
2 Revised statemant. Figures given are decreases in estimated cost and Federal aid in original statement. 
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FEDERAL AID PROJECT APPROVALS AND AGREEMENTS IN AUGUST, 1919—Continued. 

iri E % Project Project 

State. ae County. th asian Type of construction. statement ont 
: j approved. signed. 

Ohio ee cee. S59 Bl Hp OAN GUS Yj s,. 045 ess 4oe4 secre s- 5:10 eB FiCky OF DibUMINOUS sees sno 1 .cts5 4. | 5225 See Aug. 4 
DEBIRELULOU Ss eee te es sorasee crete. d Veg '4 Vg ied 8 of C6 eee Ser 7 gee 1 ec a a Ph Aug. 12 
Goss ancocks ss Baws ® & edhes . suas 6.04) | ’Brickvasphaltjyor'concrete: +. $2220. sseieee soos ee Aug. 16 
Gs DG UANCO ee. screts ce aerrctasciotare ccapnie 2.04 | Concrete 
78 | Mahoning, Columbiana.......... 2. SE BrCk << eee 
BOs VV aS ON OCONas cee. coe emt casts 3.026 | Concrete 
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pslonid Federal aid. 

$345, 000. 00 $86 , 400. 00 
51,000. 00 17,000. 00 

241,600. 00 90, 000. 00 
55, 500. 00 22,750. 00 
94, 999. 80, 15, 000. 00 

100, 000. 00 50, 000. 00 
61, 500. 00 20, 200. 00 

130, 000. 00 65, 000. 00 
120, 000. 00 60, 000. 00 
61, 800. 00 20, 200. 00 

106, 843. 00 45, 000. 00 
138, 600. 00 50, 000. 00 
150, 000. 00 75, 000. 00 
12, 156. 92 6, 078. 46 

447, 667. 22 223, 833. 61 
318, 835. 00 159, 417. 50 
255, 860. 00 85, 286. 66 
261, 452. 87 122,757.73 

239,319. 09 99, 600. 00 
112,771.78 51, 600. 00 
254, 067. 00 122, 000. 0 
488, 304. 34 207, 489. 78 
130, 424. 67 65, 212. 33 
231, 331. 65 104, 880. 60 
285, 948. 85 122, 000. 00 
237, 270. 55 105, 800. 00 
236, 552. 98 100, 000. 00 
329, 322. 40 118, 800. 00 
390, 920. 20 157, 800. 00 
108, 351. 10 46, 600. 00 
302, 128. 20 99, 600. 00 
326, 691. 2 0 134, 659. 00 
328, 689. 90 145, 323. 00 
27,178. 14 13, 589. 07 
76, 923. 11 38, 461. 55 
62, 574. 57 31, 287. 28 
1 4, 238. 23 12,119, 12 
15, 888. 45 12,944, 22 
94, 954. 00 47, 477.00 

167, 213. 23 83, 606. 61 
168, 387. 45 70, 000. 00 
221, 057. 69 110, 528. 84 
13, 626. 00 6, 813. 39 

22,753. 80 2120. 03 
aOR OG TSS eee ne 
380, 916. 00 | 78, 000. 00 
145, 200. 89 50, 000. 00 
161, 986. 79 44, 000. 00 
1 5,108. 32 13, 500. 00 
11, 785. 72 5, 892. 86 
44,273.58 20, 000. 00 
32, 853. 20 16, 426. 50 
64, 068. 40 32, 034. 00 

328, 786. 24 172, 926. 86 
328, 581. 00 164, 290. 50 
606, 260. 53 303, 130. 26 
88, 333.10 | 44,166. 55 
64, 535. 90 32, 267. 95 

101, 653. 75 50, 826. 87 
109, 714. 44 54, 857. 22 
46, 056. 12 23, 028. 06 
73,755. 00 36, 877. 50 
83, 050. 00 41, 525. 00 
42, 680. 00 21, 340. 00 
22, 550. 00 11, 275. 00 
26, 455. 00 13, 227. 50 
25, 709. 31 12, 500. 00 

116, 082. 00 18,000.00 
12,740. 50 11, 890. 00 
64, 780. 00 29, 780. 00 
36, 000. 00 18, 000. 00 
37, 965. 00 18, 000. 00 
29, 667. 40 14, 833.70 
13, 000. 00 6, 500, 00 
34, 144.00 12, 800. 00 
30, 800. 00 15, 400. 00 
34, 700. 00 17,350. 00 
43,775. 00 21, 887.00 
42,000. 00 21, 000. 00 

1 {5,027.08 115,009. 03 
1 4,459. 59 11, 486. 52 

111, 205. 38 13,735.12 
89, 408. 43 29, 802. 81 
17,167.50 1 3,024.18 
22, 139. 10 7,379. 70 

164, 890. 00 54, 963. 33 
33, 550. 00 16,775. 00 
74, 767.00 37, 383. 50 

30, 397, 337.96 | 12,362,585. 99 

1 Modified agreements. 
2 Modified agreements. 

Amounts given are increases over original agreement. 
Figures are a decrease from those in original agreements. 
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BRIDGE APPROACHES. 

raise the floor of a bridge above the elevation 
which is the most elevation for the roadway 

leading to the bridge. The reasons for this do not 

need further discussion in this connection than to 

say that the most potent reason for such a difference 
in elevation when it occurs is the necessity of se- 
curing ample clearance between the maximum high- 
water level and the bridge structure in order to pass 
floating débris. However, the fact that these dif- 
ferences of elevation do exist, leads to the necessity 
of connecting the two elevations, that is, the bridge 
floor and the road surface, by a suitable ramp, con- 
cerning which a number of points deserve more at- 
tention than generally is given to them. 

The first of these points is that economy in road 
design dictates that the elevation of the roadway 
should be selected without any reference whatever 
to the elevation of the bridge floor. The elevation 
of the roadway at any point is dependent on such 
factors as foundation conditions, drainage, gradient, 
etc., and when these conditions are satisfied, what- 
ever addition is made in the height of an embank- 
ment must be recognized as involving additional 
risk to high speed traffic, additional construction 
cost and additional maintenance cost and, there- 
fore, demanding full justification. 

fF: various reasons it frequently is advisable to 

SHORT RAMPS MAKE FOR ECONOMY. 

On the other hand, the logical result of all this is 
short ramps which, though somewhat to be con- 
demned on the ground that they mar the beauty of 
the roadway are, nevertheless, in the interest of 
economy. ‘This is particularly true where a bridge 
crosses a stream laying in a low, flat valley, the 
stream carrying enough drift to require rather a high 
clearance. In such cases the difference in elevation 
between the economical level of the road surface 
and the proper elevation of the floor of the bridge 
may be considerable and it is seldom economical or 
advisable to raise the road grade to the elevation 
of the floor of the bridge, as such a procedure would 
involve a considerable amount of expensive embank- 
ment. The obvious solution, then, is the construc- 
tion of a comparatively short bridge approach and 
the real problem hes in the choice of a gradient for 
such approaches. 

SHOULD BE BUILT FULL WIDTH. 

The present tendency is to build bridge approaches 
on long easy grades, but this involves a heavy ex- 
pense and tends to nullify the gain accruing from 
the independent selection of the proper elevation for 
the bridge floor and for the roadway. A better prac- 
tice is to base the gradient of the approach on the 

ruling grade in force on other parts of the road. In 
other words, if there is a 10-feet difference in eleva- 

tion between the normal position of the road surface 
and the proper elevation of the floor of the bridge 
and if 5 per cent grades are common throughout the 
length of the road, there is no particular reason for 
constructing the ramp connecting these two eleva- 
tions on less than a 5 per cent grade, particularly as 
the shorter ramp will usually be less expensive and 
should be more easily maintained than a longer struc- 
ture built on a light grade. 
Ramps used for bridge approaches should be built 

full width. It frequently happens that where the 
shoulder width of the road proper is, say 24 feet, and 
the clear width of the bridge floor is 16 or 18 feet, 
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IMPROPER BRIDGE APPROACH. 

PROPER BRIDGE APPROACH 

the ramp is allowed to pinch down in width as the 
bridge is approached until there is a distinct con- 
striction at and near the bridge. It is much better 
practice to provide abutments which will enable the 
use of full width ramps, or if this is, for any reason, 
inadvisable to fence approaches which are of any 
considerable height. 

PROPERLY EASED APPROACHES. 

Finally, breaks in grade between bridge approaches 
and the elevations which they connect should be 
eased by the use of vertical curves under the same 
rules which apply to breaks in grade at other points 
along the highway. The use of easement curves will 
somewhat increase the length of bridge approaches 
because of the necessity of building the whole of the 
easement in the approach. However, this is not a 
matter of great importance and the added cost is more 
than justified by the fact that approaches which have 
been properly eased are a distinct assistance in driv- 
ing onto and off of a bridge structure. Moreover, 
they make the maintenance of a road at the bridge 
very much simpler. 
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NEW METHOD FOR ADJUSTING EARTH 
EXCAVATION AND DETERMINING HAUL. 

By J. W. Ball, Highway Engineer, and C. R. Shore, Highway Draftsman, Bureau of Public Roads. 

VERY highway engineer who is striving for 
economy in highway design finds that his 
greatest problem lies in the adjustment of his 

grade line so that he can avoid unnecessary earth 
work. The amount of surfacing which he must use 
is rather arbitrarily determined by the length of the 
route selected and is all but independent of the 
eradients finally adopted. Similarly, the number 
and the size of the drainage structures is determined, 
almost entirely, by the location and is quite inde- 
pendent of the gradients used. These, with the 
earth work, make up the three major portions of the 
cost of any highway but, differing essentially from. 
the other two in this respect, the quantity of earth 
work can be modified, to a very marked extent, by 
modifications in the grade line, no matter what 
location is chosen. Economy of design, therefore, 
dictates that the gradients which are finally selected 
not only meet general engineering requirements, but 
that, as far as possible, all economies which do not 
involve a conflict with general engineering principles 
be adopted. 

METHODS ARE USEFUL. 

With this thought in mind, the following discus- 
sion of a graphic method of adjusting excavation 
and of determining overhaul is presented. The 
methods described are believed to be original, but 
whether original or not, it is felt that their usefulness 
justifies their presentation at this time and that their 
careful study and more general adoption by high- 
way engineers will result in noticeable savings in the 
cost of excavation. On the other hand, it is recog- 
nized that these methods are not competent to 
correct improper location nor do they suffice to 
determine the most economical general adjustment 
of the grade line. They do, however, suffice to 
indicate local changes in grade alignment which are 
in the interest of economy. The changes worked 
out may or may not be in keeping with general 
engineering principles, and where this method is 
adopted it is, therefore, necessary to caution those 
who use it that the changes which this method 
develops as in the interest of economy may have to 
be rejected as in violation of major engineering 
principles. An illustration of this fact would be 
the development, by the use of this method, of the 
fact that a shorter curve should be adopted at a 
point where the minmum has already been selected, 
or that a short adverse grade in a long ascending 
grade would save excavation. In either case an 

engineer would hesitate to follow the dictates of 
economy and should, in fact, reject the information 
developed as of no value, more important consid- 
erations preventing its use. 

These and other cases will occur where the infor- 
mation developed can not be used but they serve 
simply as an illustration of the general statement 
that this system is an assistance in the proper adjust- 
ment of highway grade lines, not a panacea to be 
applied for the elimination of excessive costs rightly 

FIG. I. 
QUANTITIES DIAGRAM 

chargeable to poor location or to improper general 
assumptions as to the laying in of the grade line. 
The discussion follows: 

THE QUANTITIES DIAGRAM. 

The ‘‘quantities” diagram, as applied to highway 
design, consists of two curves obtained by con- 
necting the two series of points which result if the 
Stations are platted as abscissas and the corre- 
sponding end areas of excavation and embank- 
ment, respectively, as ordinates. Excavation is 
platted positive, and embankment negative. The 
excavation curve would then always appear above 
the horizontal axis (or coincident with it wherever 

there is no excavation), and the embankment curve 

would appear below the horizontal axis (or coincident 
with it, where there is no embankment). With end 

areas platted in square feet and the stations and 
fractions thereof in linear feet (see Fig. 1), the area 

included between the horizontal axis and the curve 
which les above it represents the volume of exca- 
vation, while the area included between the hori- 

zontal axis and the curve which hes below it repre- 
sents embankment, both in cubic feet. 

These areas are readily found by a planimeter 
and by using a horizontal scale of 1 inch to 100 linear 
feet and a vertical scale of 1 inch to 100 square feet, 
1 square inch on the “quantities” diagram repre- 
sents 10,000 cubic feet of excavation or of embank- 
ment, as the case may be. 



This ‘‘ quantities” diagram furnishes a quick and 
accurate means of determining the quantities for 
preliminary estimates, but, more important still, 
it presents a useful yardage curve to be studied in 
connection with general grade revisions, since it 
shows the location and amount of earth work at all 
points along the line. These curves are particularly 
useful in locating sections of a highway which are 
grossly out of balance, for the predominance of cut 
or of fill over any section of a highway is very 
noticeable. These curves do not, however, give any 
indication as to whether the failure to secure a 
balance is due to a general policy of doing too much 
cutting or of calling for too much filling or is caused 
by a failure to make proper use of the maximum 
grade. ‘These curves simply indicate where a lack 
of balance exists. The question as to whether this 
lack of balance is to be corrected at all and, if so, 
what methods are to be adopted, is one of engineer- 
ing judgment which can not be assisted by any set 
formula. 

THE EXCESS AREA DIAGRAM. 

The ‘‘excess area” diagram is the algebraic sum 
of the excavation curve and the embankment curve 
of the “‘quantities” diagram. Excavation excess is 
platted as positive and embankment excess is 
platted as negative and the line stations are platted 
along the horizontal axis as before. In this graph 
the ordinate for each station is in square feet and is 
the difference in square feet between the excavation 
included in the end area and the embankment in- 
cluded in the end area for that station. This is 
platted as positive if the excavation exceeds the 
embankment and as negative if the embankment 
exceeds the excavation. Where the road is all in 
cut or all in fill the “excess area”’ curve will coincide 
with the quantities curve but where, as in side hill 
work, cross sections include both cut and fill, the 
“excess area’? curve will fall between the two 
curves of the quantities diagram. Moreover, wher- 
ever the cut and the fill are equal, the ‘“‘ excess area”’ 
curve will intersect the horizontal axis, from which 
it naturally follows that, on a hillside location, 
where an ideal location would cause the cut along 
any section to exactly make the fill along that sec- 
tion, the excess area curve will be a straight line 
coinciding with the horizontal axis. Any deviation 
from such a location causes the excess area curve 
to separate from this horizontal axis. 

The excess area diagram therefore shows to what 
extent the location of the grade line varies from 
this ideal line. Moreover, the area below the excess 
area curve and above the horizontal axis represents 
the volume of excavation in excess of that required 
to make the corresponding fill along this portion of 
the line and the area below the horizontal axis but 
above the excess area curve represents the volume 
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of embankment which is in excess of that produced 
by the excavation over that section. The excava- 
tion and the embankment on any given length of a 
project are, then, theoretically balanced when the 
plus and minus areas on the excess area diagram are 
equal over this length of the project. The quantity 
to be hauled is also accurately and clearly shown and 
the distance of the haul can be closely approximated. 
Whenever an allowance is to be made for shrinkage 

it is advisable to increase the embankment areas by 
the customary per cent (which usually varies from 
15 to 25 per cent of the volume of embankment in 
common excavation) before calculating the differ- 
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ence between excavation and embankment. The 
amount of increase to be used is generally fixed by 
established rules but may, in the absence of fixed 
rules, be adjusted according to the judgment of the 
engineer. 

USE OF THE EXCESS AREA DIAGRAM. 

The road location having been made in the usual 
way, and the end areas from cross sections haying 
been obtained from a tentative grade line, to apply 
the excess area diagram in the design of the road, 
first plat the quantities diagram, using for this pur- 
pose the information secured from the cross sections 
for the tentative grade line. Any gross errors in the 
balance will be shown by the quantities diagram and 
the first step should be to secure a decision as to 
their adjustment. If they are to be eliminated, the 
grade line should be relaid and the quantities dia- 
gram redrawn until there is some approach to a 
balance between controlling points. The excess 
area diagram should then be drawn and the work 
of refining the grade line may proceed. This refine- 



ment of the grade line will involve minor changes in 
the position of the line; that is, pushing it into or 
pulling it out of the hill on sidehill work, or minor 
changes in the established gradient. These will be 
discussed independently. 

ALIGNMENT REVISIONS FOR BALANCING QUAN- 

TITIES. 

Assuming now a section of sidehill road of profile 
AB (see fig. 2) with a typical cross section as 5 and 
with the elevations of A and B as fixed or control- 
ing points, then naturally the desirable grade line 
would be unbroken, that is, would show no reverse 
erades from, A to B. 

If a location made from A to B on the plan and 
profile as shown in figure 1 results in an excess area 
diagram. as shown in this figure, and if the excava- 
tion on the section as a whole is practically in balance 
it is at once apparent that points C and D vary from 
the economical location by the excess embankment 
m at C, and the excess excavation n at D, and that 
if the balance is preserved the excess excavation at 
D must be hauled to C. The problem then is to 
revise the alignment at C and D so that the excess 
area curve will approach as closely as possible to its 
most economical position, that is, the horizontal 
axis, and to do this without disturbing the balance 
on the section, AB, as a whole, and without intro- 
ducing any improper gradients. 

On a sidehill location, pulling the alignment out 
of the hill has the same effect on the quantity of 
earthwork as raising the grade. Similarly shoving 
the line into the hill has the same effect as lowering 
the grade. If now the effective width of a cross sec- 
tion is defined as the horizontal distance V (see 

typical cross section fig. 2) between the intersections 

of the original ground slope and the ditch slopes, then 
the result of a change in the elevation of the grade 
depends upon the effective widths of the cross sec- 
tions involved. 

Thus (see fig. 3) assume a fill on level ground. 

The area of the cross section is AD pats Jo Ge Mba 

fillis increased down by a height Y the area becomes 
Y 

oe =e x H + (AGS x y). The reverse of 

this holds true if the height of the fillis decreased. 
This same also holds true if part of the section is in 
cut and part in fill, the fill being increased by raising 
the grade line and decreased by lowering the grade 
line by the average width of the bases times the 
amount of the change in grade. But AB is the same 
as V in the type figures, MN is the same as V’ and 
Y the same as g. There results the general deduc- 
tion that for any change in grade, the change in 

(Vie) ea 

which is positive when the grade is raised and nega- 

excess area of the cross section equals g 
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tive when the grade is lowered. For small changes 
in grade elevation V’ may be assumed as equal to V 
and the equation there becomes gV. For changes of 
gerade elevations exceeding half of a foot the average 
effective widths should be determined by scaling the 

cross sections. 

CHANGES IN CENTER LINE POSITION. 

At points such as C and D in figure 2 the change 
required in grade elevations at each cross section, if 
an economical balance is to be secured is. easily 
computed in feet as will be more clearly brought out 
later on. However, it is often inadvisable to make 
adjustments by means of local changes in grade 
and, on hillside locations, a similar result can be 

FIG. 3 

PLAN 

secured by moving the center line a corresponding 
distance from or into the hill so that the required 
lowering or raising of the ground surface results. 
The amount of this lateral movement (see fig. 3) is 
easily determined. Raising the grade line reduces 
the excavation and increases the fill. By an in- 
spection of figure 3 it will be clear the primary 
effect of raising the grade line a distance z is to throw 
the center line out of the hillside a distance y. If 
on the other hand embankment is to be decreased, 

the line must be pushed into the hill. This distance 
y may be determined for any cross section by plat- 
ting on this cross section the change of elevation 
which has been calculated as necessary to accom- 
plish the desired change in excavation or in em- 
bankment and scaling y. To determine the desirable 
change in the position of the center line over any 
section of the highway, the y distances are platted 
as shown in the plan figure 3 and a new curve laid 
which will as nearly as possible average these 

points. 



It is seldom possible to achieve what would 
theoretically be the most economical location, for 
in rounding points maximum grades must be con- 
sidered. and excess excavation must be provided to 
make the embankments in the gullies. Moreover, 
the closeness of the approximation of the alignment 
to its most economical location is governed by 
general conditions as to maximum grade, maximum 
radius, length of line of sight, etc., but the excess 

area diagram is of much help in adjusting the grade 
within the limits imposed by such requirements. 

GRADE REVISIONS FOR BALANCING QUANTITIES. 

Consider a profile as shown in figure 4 and for 
convenience assume a level ground line, and excava- 
tion and embankment section 10 feet wide with 
vertical slopes. Then the area of the cross section 
is directly proportional to the depth of the cut or 
fill, and in this special case the cross-section area is 
always either (1) all excavation, (2) all embank- 

ment, or (3) zero. 

With the original grade line as shown at EF in 
figure 4 the excess area diagram is platted as in 
figure 5 and shows that the excess excavation for 
a 10-foot width of cross section is 60,000 cubic 

feet and the excess embankment 20,000 cubic feet. 
The balance is, therefore, 40,000 cubic feet, deficient 

in embankment, no account being taken of shrinkage. 
Assume that it is desirable to raise the grade line 
parallel to itself, but that, on account of local 
conditions, it must be broken at G and H to connect 
with the former grade at E and F. Let M be the 
vertical ordinate representing this change as it will 
appear on the excess area diagram, that is the 
average required change in the area of cross section 

B+CD . A 
——=—— is the average in square feet. Then, since 5 

length of the trapezoid ABDC in figure 3, to deter- 
mine the vertical ordinate or its equivalent the 
required change in cross section, there results the 
equation 

ma 40,000 _ 40,000 _,, 
AB+DC 1,000+600 ° 

2 2 

which is the average change in cross section required 
to produce the desired result. 

On a cross section 10 feet wide, as assumed, a 

change of 50 square feet in end area is secured by 
a change of 5 feet in grade elevation. Hence the 
grade line from G to H, figure 4, should be raised 
5 feet, the grade EGHF resulting. 

After this change in grade line is made, the 
resulting excess area diagram may be plotted, as. 
in figure 6, which is a rectification of figure 5 about 
ACDB, which line thus becomes the new horizontal 

axis and the quantities are found to be balanced 
within ordinary working limits of accuracy. 
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With similar conditions as to vertical slopes and 
width of cross section figure 7 is a profile with a 
tentative grade line placed at EF, which yields the 
excess area diagram shown in figure 8. The excava- 
tion is considerably out of balance. It is desired to 
balance the quantities by raising the grade line at 
one point as G. In figure 8, ACB illustrates the 
effect of this change on the corresponding excess 
area diagram. But 

_ Deficiency of balance M= AB 
2 

and 
M 

g=- 
J Average area of cross section 

Proceeding as before, figure 9 is the excess area 
diagram with the new grade line EGF as the axis. 
However, this adjustment involves a long haul be- 
tween station 2 and station 9+50 and to further 
adjust the grade line to eliminate this haul the line 
of balance of the excess area diagram should be 
revised. By proceeding as before the excess area 
diagram (fig. 9) is modified to show a new balance 
along AONB and the grade line is revised to EG’H’F 
in figure 7, g’ and g’’ being computed as indicated 
above. The excess area diagram may then be 
plotted again as in figure 10, which is a rectifization 
of the excess area diagram about the grade line 
EG’H’F, which shows that the quantities are in 
balance with a minimum haul. When familiar 
with the method of procedure one makes the first 
revision from the quantities diagram and the final 
revision generally without a preliminary trial. 

In actual construction, because of the approxima- 
tion in determining the effective widths.of cuts and 
fills, it is sometimes found that after revision the 
quantities are still somewhat out of balance. In 
‘this case by using two trial excess area diagrams, 
one can interpolate for the real balance very 
accurately. 

OVERHAUL OF EXCAVATION. 

“When the distance between the center of 
mass of any cut and the center of mass of the 
corresponding embankment exceeds 1,000 feet, 
all of the material obtained from the cut and used 
in the embankment shall be known as ‘overhaul 

excavation’, and the length of overhaul shall be 
measured as the distance between center of mass 
of cut and center of mass of fill, minus 1,000 feet.” 

[From U. S. Bureau of Public Roads, Typical Spe- 
cifications.]| This defines the method by which 
overhaul shall be calculated in making final pay- 
ment for overhaul, and where this definition is 

used it must be adhered to strictly in making final 
payments to contractors. However, for other 

purposes, the center of volume of excavation to be 
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hauled and the center of volume of the correspond- 
ing embankment may be approximately determined 
by inspection from the excess area diagram and a 
close approximation of the overhaul readily cal- 

culated. 
If it is desired to determine the center of volume 

of any excess either of embankment or of excava- 
tion, the excess excavation or embankment may 
be divided by vertical lines, and the areas on each 

side of each line can be measured by a planimeter. 
In this way an approximate center of volume can 
be quite rapidly calculated. Overhaul is the dis- 
tance between the center of ‘volume of the exca- 
vation and of the corresponding embankment less 
the free haul multiplied by the quantity moved. 
This method is much easier and quicker to apply 
than that of the mass diagram, and while, as stated 

above, not legal for computing final estimates, is 
satisfactory for grade adjustments, estimates, and 
even for intermediate vouchers. 

APPLICATION TO AN ACTUAL CASE. 

Figure 11 is the profile from station 475 to station 
495 of the Canyonville-Galesville section. of the 
Pacific Highway now under construction. This 
section is a complete balance within itself, as the 
material up to station 474+80 hauls back. The 
actual working out of this method is shown in 
figures 11, 12, 138, and 14. 

Figure 11 is the profile, figure 12 is the quantities 
diagram, and figure 13 is an excess area diagram 

for this section of highway, as calculated from the 
tentative grade shown by the dashed line in figure 
11. This tentative grade line failed to give a bal- 
ance of excavation, as is seen from the quantities 
diagram, figure 12. Before revision to balance 
excavation and embankment the location of excess 
excavation and of excess embankment was exam- 
ined with respect to both quantity and haul. From 
this examination it was evident that, for economy, 
the embankment from station 475 to station 485 
and from station 487 to station 490+ 50 (see fig. 12) 

should be decreased. This defect was corrected by 
making two changes in grade line. 

THE FIRST CHANGE. 

This change of grade line extends from station 
475 to station 485. Assuming that half of the fill 
at station 484 is to be hauled from the cut at 
station 486, the excess embankment from station 
475 to station 485 equals (27,050+ 16,150+ 9,700) 

cubic feet = 52,900 cubic feet total. 
The excess excavation on the same section equals 

(15+3,600+7,200) cubic feet=10,815 cubic feet 
total. 

52,900 —10,815=42,085 cubic feet which is the 

deficiency in excavation. 
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On this subsection of line it was decided to lower 
the grade parallel to itself, as shown in figure 11. 
The resulting effect is shown by figure ABDC in the 
excess area diagram of figure 13. In order that 
the excavation may balance, the area of ABDC 
must represent 42,085 cubic feet of earthwork, 
which is the amount of the deficiency in the exca- 
vation. The lengths of the two sides AB and CD 
of the figure ABDC are determined from figure 13. 
Then, if, as above, M represents the average change 
in area of cross section (vertical ordinate) in square 

feet needed inorder to adjust the balance, 

M= ee as feet _ 0,085 _ 59.6 square feet. 

2 

Next, the average effective width of the cross-_ 
sections involved, determine by scaling and averag- 
ing all stations from 475 to 485, was found in this 
case to be 26.3 feet. 

Then g, the amount the grade is to be lowered, is 
‘ 
pee 2 feet. 

This change in grade line having been made as 
shown in figure 11, the resulting excess area diagram 
was shown as C. D. B. F. in figure 13. 

equal to 

THE SECOND CHANGE. 

This change in grade line extends from station 481 
to station 494+50. The quantities were balanced 
by lowering the grade line near station 492+50 as 
shown in figure 11 by g’. The effect is shown in 
figure 13 by the line EGF. It is noticed that the 
change represented by EHB, which is a part of 
EGF falls in the figure representing the first grade 
change just described. The line DHK represents a 
further shifting of the axis of balance CDB which 
resulted from the first change, the axis finally be- 
coming CDKGF. 

To determine the grade change from station 
481 to station 494+50 the following calculations 
were made. The excess embankment includes 
one-half of the fill at station 484 and is, therefore 

(9,700 +21,730+212+12+13,150), cubic feet= 
44,804 cubic feet total. 

The excess excavation is equal to (15,700 +334 + 
650 + 1,600) cubic feet = 18,284 cubic feet total. But 

44,804 cubic feet—18,284 cubic feet =26,520 cubic 
feet which is the total deficiency in excavation. 

Therefore 

26,520 cubic feet 26,520 _ 
IM a= at TAY 1350 ~°9-29 square feet. 

2 2 

The average effective width of the cross sections 
involved (as determined by scaling the plotted 

sections) is 28 feet; therefore, 9-39 = 1.4 feet, 
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which is the change in the elevation of the grade 
line at g. 

Figure 14 is the final excess area diagram plotted 
after the grade line was revised and shows a balance 
of earthwork quantities. In this figure the quan- 
tities diagram is also shown by dashed lines. Com- 
parative results of measurement of quantities and 
of computation of quantities for the line as finally 
laid in are also shown. 

At first thought the use of such a method as this 
may seem tedious and expensive but an examination 
of the results obtained on this short section of high- 
way, a length of about 20 stations, or roughly two- 
fifths of a mile, will serve to justify thoughtful 
consideration of this system. The line as originally 
laid in (see fig. 11) was a carefully laid Ine but 
computation shows that it produced about 2,500 
cubic yards less cut than fill. The revised line, on 
slightly better grades, shows 2,657.3 cubic yards to 
be paid for as excavation (shrinkage allowed for in 
drawing quantities diagram and excess area dia- 
grams). The net saving in earthwork which re- 
sulted from the changes shown was approximately 
1,500 cubic yards or, at 50 cents per cubic yard, 

the tidy sum of $750. 
It is confidently believed that similar savings can 

be made by all who will familiarize themselves with 
this method and that these savings will be more 
than sufficient to justify a thorough mastery of the 
ideas here outlined. 

PENNSYLVANIA MOTOR LAW. 

Pennsylvania’s new motor vehicle law provides 
that no motor vehicle can be registered which has 
an outside length exceeding 336 inches and an 
outside width exceeding 90 inches. The provision 
does not apply, however, to vehicles registered or 
contracted for prior to the passage of the law. 
The gross weight is limited to 26,000 pounds. Reg- 
istration fees are 40 cents for each horsepower, with 
a minimum of $10. 

Registration fees for commercial vehicles are: 
Class AA, weight of chassis 2,000 to 2,999.......... $20 

Class A, weight of chassis 3,000 to 4,499...........-- 25 

Class B, weight of chassis 4,500 to 5,999............. 30 

Class C, weight of chassis 6,000 to 6,999............. 50 

Class D ,weight of chassis 7,000 to 7,999............ 75 

Class E, weight of chassis 8,000 to 9,999............. 100 

Class F, weight of chassis 10,000 and over.......-.-- 150 

No registration is required for a trailer weighing 
less than 500 pounds’ For trailers weighing 500 to 

749 pounds the fee is $2, 750 to 999 pounds, $5, 
1,000 to 1,999 pounds $10, 2,000 pounds or more $15. 

For all vehicles equipped with metal tires the fee is 
double. 

Motor cycle dealers must pay a license of $5 for 
each certificate and number plate and motor vehicle 
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dealers $10 for each certificate and two number 
plates. 

All operators of cars must have a license. <A 
driver’s license is $2, an operator’s $1, and a learner’s 
50 cents. Drivers and operators must be over 18 
years of age and learners over 16. 

No commercial vehicle may be operated on the 
public highways the weight of which with load 
exceeds 7,000 pounds for class AA, 11,000 for class 
A, 15,000 for class B, 20,000 for class C, 24,000 for 

class D, and 26,000 for classes E and F. The weight 
of trailers must not exceed 26,000 pounds nor 
19,200 on any axle nor 800 on any one wheel for 
each nominal inch of width of tire, or which ex- 

ceeds 336 inches in length over all or 90 inches 
width over all. 

Extreme speed of cars is limited to 30 miles an 
hour, classes AA and A commercial cars to 20, 
class B 18, classes C and D 15, class E 12, and class 
F 10 miles. 

MAY LET SEPARATE CONTRACTS. 

In reply to an inquiry from the State engineer of 
New Mexico relative to the construction of a Federal- 
aid project through two contracts, one for all the 
work except the surfacing and a second contract for 
the surfacing, instead of providing for the work 
through a single contract, it has been ruled that the 
plan is permissible, provided that the two contracts 
are so let that the project may be completed within 
a resonable time. The plans, specifications and 
estimates should show the project as being surfaced 
and include the necessary items in the detailed 
estimate upon which the project agreement will be 
signed. The plans, specifications and estimates can 
then be put through in the ordinary way, and all the 
work advertised except the surfacing, and that 
contract completed and a second contract let for the 
surfacing. 

MAINE VOTES BONDS. 

On September 8 Maine, by a vote of about 5 to 1, 
indorsed the proposal to raise the bonded indebted- 
ness for State highways from $2,000,000 to $10,- 

000,000. "This will give $8,000,000 additional to be 
spent on the State road system. 

NEBRASKA ROAD DISTRICTS. 

‘The Nebraska State highway department has cre- 
ated five districts for the administration of road 
work and made an‘allotment of the State funds to 
them. ‘The allotments run from $1,373,886.73 to 

$3 346,666.99. 
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COMPREHENSIVE INVESTIGATIONS 
IN HIGHWAY ENGINEERING NEEDED. 

By T. R. AGG, Iowa State College. 

HE highway engineers of the United States face 
the necessity of undertaking an enormous con- 
struction program immediately. Economic 

pressure and popular demand alike necessitate a vig- 
orous campaign of road building, both in the States 
that have been actively building roads for years and 
in those States that have heretofore seriously neg- 
lected road improvement. Not only willthe program, 
as tentatively outlined for 1920, seriously tax the 
engineering organization if suitable plans and specifi- 
cations are prepared, but highway contractors and 
material supply companies are likely to find that 
their capacities will be taxed to the limit. 

NO ADEQUATE BASIC THEORIES. 

During the past 10 years, the transition from 
horse-drawn to motor traffic has been so nearly com- 

plete that horse drawn-traffic can no longer be con- 
sidered a controlling factor in highway design; yet 
practically all of the basic principles of highway con- 
struction were evolved for horse-drawn traffic. 
These have been modified from time to time as ex- 
perience has indicated defects, but for the most 
part local conditions have been so large a factor 
that types and designs which have been satisfactory 
in one State have proven entirely unsatisfactory in 
another. 

To a large extent, the tests for the materials used 
in highway construction were developed under horse- 
drawn traffic conditions and these also have been 
revised and new tests devised to meet the new condi- 
tions, and yet it is now recognized that many of 
the tests in current use are not entirely satisfactory. 

The situation then is this: The United States is 
entering upon a very extensive highway construc- 
tion program without an adequate, acceptable 
economic theory or group of theories upon which to 
base design, selection of routes, and types of con- 
struction. Knowledge of tests and properties of 
materials have not advanced to the extent necessary 
to enable highway engineers to proceed with cer- 
tainty. 

It seems imperative that investigation in the field 
of highway engineering be prosecuted with the ut- 
most vigor during the next few years, else it will be 
found that much of the money expended for high- 
way improvement has not secured highways of the 
maximum serviceability because the design and the 
requirements for materials were based on unsound 
theories or inadequate tests. 

TO SECURE SERVICEABLE ROADS. 

Basic theory, if there is any, for a science as com- 
plex as the building of a system of highways for : 
nation can not be evolved overnight except in the 
fertile brain of the professional good roads enthu- 
siast of the parasite type, and no two of them agree. 
Years of painstaking research on the part of many 
men are required to secure the data upon which 
theories may be based. Likewise, the correlation of 
tests for materials with actual results obtained with 
the materials under service conditions requires the 
accumulation of data for years before dependable 
conclusions can be reached. 

There is at the present time an urgent need for the 
inauguration of a far sighted, comprehensive pro- 
gram of investigation of materials and methods of 
construction now employed in highway improve- 
ment. How can such a program be arranged for 
with reasonable certainty that it will be carried 
through ? 

DIFFICULTIES OF THE PROBLEM. 

Nearly all of the State highway departments are 
loaded down with the practical problems involved 
in carrying through successfully a large construction 
program. Some have done excellent research work 
in limited fields, and a few are still attempting to 
maintain some experimental work. 

Through the standing committee on tests and 
investigations of the American Association of State 
Highway Departments, an attempt is being made to 
make available to all State highway departments 
the results of any investigations completed by any 
one of the departments. But at best the State 
highway departments can scarcely touch the field. 
Many of the land grant colleges maintain agri- 

cultural experiment stations, which are at least 
partly supported by Federal appropriations, and 
these stations, in cooperation with the United 
States Department of Agriculture, have done 
excellent work. There seems to be no reason why 
engineering experiment stations should not be main- 
tained in the same way, and if they were interested 
in the investigation of highway problems, they 
should be able to contribute enormously to the solu- 
tion of the many problems now confronting the road 
builder. Some States now support engineering ex- 

periment stations that have done splendid work, 
and the only bar to similar results at other institu- 
tions seems to be lack of financial support. 



The recently organized National Research Council 
is making an effort to stimulate research in the 

_ highway field, and should prove to be an important 
agency in directing efforts so as to prevent duplica- 
tion and in interesting investigators in the problems 
requiring solution. 

HOW THE WORK MAY BE DONE. 

But none of these agencies seem to possess the 
permanency and financial backing necessary to 
prosecute a program of investigations adequate to 
the present needs in the highway field. It is highly 
important that there be a continuing policy, for a 
term of years, through an agency of sufficient 
prestige to secure cooperation throughout the 
United States, and having sufficiently close connec- 
tion with the actual construction activities of the 
several States to insure a wise selection of projects. 

The Bureau of Public Roads of the United States 
Department of Agriculture would seem to be the 
logical agency to take the lead in this work. The 
bureau has already done a large amount of research 

work in this field and has trained investigators for 
carrying on the work and for passing on projects 
submitted for action. Through cooperation with the 
National Research Council, the bureau could prob- 
ably secure the active participation of engineering 
experimental station laboratories. 

But most important of all, the bureau is in close 
touch with the highway ae in the various States 
and is in a position to judge as to the problems most 
imperative of solution and to secure the assistance 
of the State highway departments in those problems 

requiring the actual construction of surfaces or 
structures. 

Surfaced highways of the maximum serviceability 

can not be constructed if engineers are compelled 
to guess at the basic principles involved nor if they 
are unable to determine accurately the suitability 
of materials. The Bureau of Public Roads can do 
no more valuable service than to secure, by whatever 
means it can devise, the scientific investigation of 
the various problems requiring solution before 
engineers can proceed with certainty in the con- 
struction of public highways. 
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MEMORANDA ON MR. AGG’S ARTICLE. 

I have read with very great interest the short 
but inclusive article by Mr. Agg on the present great 
American highway problem, aad the necessity of 
extensive investigations if some or all of the States 
are not to spend unwisely in the prosecution of the 
present tremendous road programs. 

I agree thoroughly with Mr. Agg in his statements 
that the present facilities for highway engineering 
investigations are not adequate to meet the situa- 
tion, or to develop the theories upon which the future 
science of highway engineering should be based. 

It is to my mind certain that unless the United 
States Bureau of Public Roads builds up a good and 
extensive organization to prosecute these inquiries, 
that nothing of value can or will be done by any 
other existing organization. 

I trust that the Secretary of Agriculture will see 
the advisability of an early attack upon this most 
important problem, and I believe that I am safe in 
pledging the cordial support of the American Asso- 
ciation of State Highway Officials to the Secretary 
and to the bureau in this very great and necessary 
work. A. Rk. Hirst, President, American Association 
of State Highway Officials. 

$3,750,000 FOR ROADS. 

St. Louis County, Mo., will spend $3,750,000 for 
county highways, this sum being derived from a 
bond issue and from State and Federal funds. The 
bond issue is for $3,000,000. The county highway 

engineer has been appointed by the county court to 
supervise the construction of the roads. He is now 
engaged in making the plans, which it is hoped will 
be ready to submit to the Bureau of Good Roads by 

Four roads are to be built. The roads 
will be partly concrete and partly bituminous 
macadam. Bids will be advertised during the 
coming winter so that work can start early in the 
s ring. 

VENTURA COUNTY BONDS. 

Ventura County, Calif., on August 26, voted for 

the issuance of $480,000 of road bonds, making a 
total of $1,580,000 in two years. 



ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 
NOTE.—Applications for the free publications in this list should be made to the 

Chief of the Division of Publications, U. S. Department of Agriculture, Washington, 
D.C. Applicants are urgently requested to ask only for those publications in which 
they are particularly interested. The Department can not undertake to swpply com- 
plete sets, nor to send free more than one copy of any publication to any one person. 
The editions of some of the publications are necessarily limited, and when the Depart- 
ment’s free supply is exhausted and no funds are available for procuring additional 
copies, applicants are referred to the Superintendent of Documents, Government 
Printing Office, this city, who has them for sale at a nominal price, wnder the law of 
January 12, 1895. Those publications in this list, the Department supply of which is 
exhausted, can only be secured by purchase from the Swperintendent of Documents, 
who is not authorized to furnish publications free. 

REPORTS. 

*Report of the Director of the Office of Public Roads for 1914. 5c. 
*Report of the Director of the Office of Public Roads for 1915. 5c. 
Report of the Director of the Office of Public Roads for 1916. 
Report of the Director of the Office of Public Roads for 1917. 
Report of the Director of the Bureau of Public Roads for 1918. 

BULLETINS. 

(In applying for these publications the name of the office as well as the number of 
the bulletin should be given, as ‘Office of Public Roads Bulletin No. 28.’’) 

*Bul. 28. The Decomposition of the Feldspars (1907). 10c. 
*37. Examination and classification of Rocks for Road 

Building, including Physical Properties of Rocks 
with Reference to Their Mineral Composition and 
Structure. (1911.) 15c. 

*43. Highway Bridges and Culverts. (1912.) 15c. 
*45. Data for Use in Designing Culverts and Short-span 

Bridges. (1913.) loc. 
*48, Repair and Maintenance of Highways (19138). 

DEPARTMENT BULLETINS. 

(In applying for these bulletins the name should be given as follows: “ Department 
Bulletin No. 63.’’) 

*Dept. Bul. 53. Object-Lesson and Experimental Roads and 
Bridge Construction on the U. S. Office of 
Public Roads, 1912-13. 5c. 

105. Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1913. 

136. Highway Bonds. 
230. Oil Mixed Portland Cement Concrete. 
24, Portland Cement Concrete Pavements for Coun- 

try Roads. 
257. Progress Report of Experiments in Dust Pre- 

vention and Road Preservation, 1914. 
*284. Construction and Maintenance of Roads and 

Bridges from July 1, 1913, to December 31, 
1914. 10c. 

Methods for the Determination of the Physical 
Properties of Road-Building Rock. 

Sal. 

*348. Relation of Mineral Composition and Rock 
Structure to the Physical Properties of Road 
Materials. 10c. 

373. Brick Roads. 
386. Public Road Mileage and Revenues in the 

Middle Atlantic States. 
387. Public Road Mileage and Revenues in the 

Southern States. 
388. Public Road Mileage and Revenues in the New 

England States. 
389. Public Road Mileage and Revenues in the Cen- 

tral, Mountain, and Pacific States, 1914. 
390. Public Road Mileage in the United States. A 

Summary. 
393. Economic Surveys of County Highway Improve- 

ment. 
407. Progress Reports of Experiments in Dust Pre- 

vention and Road Preservation, 1915. 
414. Convict Labor for Road Work. 
463. Earth, Sand-Clay, and Gravel Roads. 
532. The Expansion and Contraction of Concrete and 

Concrete Roads. 
537. The Results of Physical Tests of Road-Building 

Rock in 1916, including all Compression Tests. 
*555. Standard Forms for Specifications, Tests, Re- 

ports, and Methods of Sampling for Road 
Materials. 10c. 

583. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 

586. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1916. 

OFFICE OF PUBLIC ROADS CIRCULARS. 

(In applying for these circulars the name of the office as well as the number of the 
circular Saad he given as “Office of Public Roads Circular No. 89.”) 

Cir. 89. Progress Report of Experiments with Dust Preventa- 
tives, 1907. 

. Progress Report of Experiments in Dust Prevention, 
Road Prservation, and Road Construction, 1908.  5e. 

*92. Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. 5c. 

*94, Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c. 

*96. Naphthalenes in Road Tars. 1. The Effect of Naphtha- 
lene upon the Consistency of Refined Tars. (1911.) 
5¢e. 

*97. Coke-Oven Tars of the United States. (1912.) 5e. 
98. Progress Reports of Experiments in Dust Prevention and 

Road Preservation, 1911. 
*99. Progress Reports of Experiments in Dust Prevention and 

Road Preservation, 1912. 5c. 
*100. Typical Specifications for Fabrication and Erection of 

Steel Highway Bridges. (1913.) 5c. 

OFFICE,!OF THE SECRETARY CIRCULARS. 

Sec. Cir. *49. Motor Vehicle Registrations and Revenues, 1914. 
5¢. 

52. State Highway Mileage and Expenditures to Janu- 
ary 1, 1915. 

59. Automobile Registrations, Licenses, and Revenues 
in the United States, 1915. 

62. Factors of Apportionment to States under Federal 
Aid Road Act Appropriation for the Fiscal Year 
L9V7- 

63. State Highway Mileage and Expenditures to Janu- 
ary 1, 1916. 

65. Rules and Regulations of the Secretary of Agricul- 
ture for Carrying out the Federal Aid Road Act. 

Width of Wagon Tires Recommended for Loads of 
Varying Magniture on Earth and Gravel Roads. 

73. Automobile Registrations, Licenses, and Revenues 
in the United States, 1916. 

74. State Highway Mileage and Expenditures for the 
Calendar Year 1916. 

FARMERS’ BULLETIN. 

(The Farmers’ Bulletins are a series of popular treatises issued by the Department 
of Agriculture. The following list includes only numbers contributed by the Office 
of Public Roads, and should be applied for by numbers, as “‘ Farmers’ Bulletin 
No. 289.’’) 

If; 183, 23%). 
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338. 

*403. 
*461. 
505. 
597. 

SEPARATE REPRINTS FROM THE YEARBOOK. 

wi. 

The Corrosion of Wire Fence. 5c. 
Sand-Clay and Burnt-Clay Roads. 
Macadam Roads. 
The Construction of Concrete Fence Posts. 5c. 
The Use of Concrete on the Farm. 
Benefits of Improved Roads. 
The Road Drag. 

(In applying for these separates the numbers should be given as Yearbook Separate 
No. 638.) 

Y. B. Sep. *638. State Management of Public Roads; Its Devel- 
opment and Trend. 5c. 

Sewage Disposal on the Farm. 5c, 
Design of Public Roads. 
Federal Aid to Highways. 
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REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH. 

Effect of Controllable Variables Upon the 
Penetration Test for Asphalts and 
Asphalt Cements. 

Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 

Apparatus for Measuring the Wear of Con- 
crete Roads. 

A New Penetration Needle. 
Tests of Three Large-Sized Reinforced- 

Concrete Slabs under Concentrated 
Loading. 

Influence of Grading on the Value of Fine 
Aggregate Used in Portland Cement 
Concrete Road Construction. 5c. 

Toughness of Bituminous Aggregates, 
Tests of a Large-Sized Reinforced-Concrete 

Slab Subjected to Eccentric Concen- 
trated Loads. 

Vol Ose NOsel ia D=2e 

Vol, 

Vol. 

5, No. 

5, No. 

5, No. 
6, No. 

19, D-3. 
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Vol. 11, No. 10, D-15. 
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