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SECRETARY HOUSTON DISCUSSES 
FEDERAL ROAD COMMISSION BILL 

ECRETARY HOUSTON, in response to a 
S communication from a city chamber of com- 

merce requesting his views regarding the 
creation of a Federal highway commission and the 
wisdom of taking the Federal supervision of high- 
ways from the Department of Agriculture and placing 
it under such a commission, has sent the following 
reply: 

“T have your letter of May 2 in which you state 
that your chamber of commerce has been asked to 
adopt a resolution calling on the Congress of the 
United States to create a Federal highway commis- 
sion and that you note that such resolution has been 
adopted by a number of commercial organizations, 
including the United States Chamber of Commerce. 
You ask for an expression of my views on the matter 
and particularly whether, im my opinion, it would be 
wise to take the Federal supervision of highways 
from the Department of Agriculture and place it 
under such a commission as that proposed. 

FUNDAMENTAL CONSIDERATION, 

“Before expressing my views, it might be well for 
me to voint out certain fundamental considerations 

which should be borne in mind in determining any 
sound policy of highway administration and develop- 
ment: (1) The roadsin each section of the country are 

of varying degrees of importance in the service which 
they render or may render to the particular locality, 
to the State, and to the Nation asa whole. (2) This 

is a big country and the traffic conditions and needs 
vary greatly from section to section. (3) The State 
highway departments, being in immediate touch with 
local conditions, are best able to classify the roads 
properly on the basis of the economic purpose which 
they may serve. (4) The Federal Government, 
under the present Bankhead Federal Aid Road Act, 
is cooperating in the improvement of the roads of 
greatest importance, the classification of which is 
fixed by the State highway departments; and (5) 
when this classification has been carefully made and 
by agreement between the highway departments of 
adjoining States, the roads of first importance gen- 
erally meet at State boundaries, and, therefore, 
become interstate highways of nation-wide utility. 
The Federal Government, under the present law, is 
aiding the State highway departments in the classi- 
fication of their roads on the basis of importance and 
needs, and Federal aid is rapidly being extended for 
their improvement, on projects submitted by the 
States and approved by this department. 

(3) 

FEDERAL COMMISSION NOT NEEDED. 

“Having those points in mind, I have been unable 
to see the need for the creation of a separate Federal 
highway commission or the wisdom of substituting 
for the present cooperative program a plan which 
would commit or limit the Federal Government to 
the construction of two federally owned and main- 
tained trunk lines in each State of the Union. There 
was a bill introduced in the Senate of the United 
States on February 13, 1919, embodying these sug- 
gestions. This proposed legislation provides for a 
Federal highway commission of five, each receiving 
a salary of $10,000 a year, whose duty, among other 
things, would be to establish, construct, and main- 
tain a system of highways ‘to comprise not less than 
two main trunk line roads in each State, and joining 
the national highway system in the adjacent States 
and countries.’ The commission is given the power 
to select the trunk-line roads to be constructed after 
having requested the State highway departments to 
recommend routes. The Federal Government is to 
assume the maintenance of these roads. The com- 
mission is furthermore empowered to take over the 
work of all existing Federal agencies relating to 
highway transportation and ‘to purchase, lease, rent, 
operate, and maintain such motor and other trans- 
portation facilities as it may deem necessary in per- 
formance of its duties under this act.’ 

OPERATION OF PRESENT LAW. 

“In July, 1916, the Bankhead Road Act was 
passed. It provided appropriations out of the Fed- 
eral Treasury, to be matched by equal sums from 
the States, for the construction of roads, and pro- 
vided further that no State should receive any of 
the money appropriated unless it had a highway 
department with adequate powers. The law placed 
the administration of the act in the hands of the 
Secretary of Agriculture, in cooperation with the 48 
State highway departments. It was enacted only a 
short time before we entered the European war and 
its operation was necessarily greatly interfered with 
by the disturbed conditions. There were also cer- 
tain features of the law that made its smooth admin- 
istration difficult. After the cessation of hostilities, 

with the approval of the President, I requested Con- 
gress to make a large additional appropriation to 
aid the States in highway construction and also to 
make certain amendments to the law, the necessity 
for which experience had demonstrated. Congress, 
through the Bankhead amendment to the post-office 



appropriation bill, provided an additional appropria- 
tion of $209,000,000 and substantially made the 

amendments suggested. 
“Under existing legislation there is no special 

obstacle, so far as I can see, to the construction, in 
the different States of the Union, of those roads 

which serve the. greatest economic needs. In the 
first place, the definition of the kind of roads that 
can be constructed has been greatly broadened, 
and in the second place, the limitation on the Federal 
contribution for any one road has been increased 
from $10,000 to $20,000 a mile. 

COOPERATION WITH STATES. 

“Following this legislation, the regulations gov- 
erning the administration of the act and the stand- 
ards for plans, specifications, and estimates have 
been modified and one of the most successful former 
State highway engineers in the country has been 
placed in immediate charge of the Federal aid road 
work. He has at his disposal a considerable staff 
of local and district engineer aids and no pains will 
be spared to provide any further Federal assistance 
that may be needed. The machinery provided by 
the Bankhead amendment includes not only the 
Federal Bureau of Public Roads, one of the largest 
and most effective organizations of its kind in the 
world, but also the 48 State highway departments, 
the two agencies working in close cooperation. It 
is also a part of the plan to have an advisory com- 
mittee, composed of representatives of the State 
highway departments, selected by the American 
Association of State Highway Officials with due 
regard to geographic considerations, to work in 
intimate touch with the Federal Bureau, meeting 
with its officers at stated periods and at such other 

times as may be necessary. This machinery, in 
effect, is an expert national commission intimately 
in touch through its various parts with all sections 
of the Union, having no other purpose than that of 
serving the public interest. It is difficult to see 
what need there can be for additional machinery. 

STATE OFFICIALS SELECT ROADS. 

“Very properly the Bankhead Act places on the 
highway authorities of the several States responsi- 
bility, in large measure, for selecting the roads to 
be constructed. Obviously the local authorities are 
in a better position to judge what roads would serve 
the largest economic needs than any group of men 
sitting in Washington would be. It is the duty of 
the Federal Bureau, with its district engineers, to 
see that the provisions of the law are complied with. 
It is giving, and will continue to give, all possible 
assistance to the State authorities in all their tech- 
nical problems, as well as in the planning of State 
systems and in the classification of roads. It has 

been the policy of the department from the outset, 
in order to prevent haphazard action, to have the 
State highway authorities prepare and present 
tentative State systems of roads. It was apparent 
that a rigid system, not subject to modifications as 
conditions might require, would be inadvisable. 
Each State authority has worked out a system and, 
in general, it is being followed in the development 
of projects and the construction of roads. In a 
number of instances systems in general terms have. 
been adopted by State legislatures. Of course, in 
formulating these systems the engineers gave due 
regard to interstate connections; that is, to roads 
connecting the system of one State with that of 
another, and it is difficult to see why, as progress 
is made, the construction of through roads will not 
follow, as a matter of course. 

OBSTACLES IN WAY OF NEW PLAN. 

“Tt seems scarcely likely, in view of the fact that 
nealy $300,000,000 are now available out of the 
Federal Treasury, that the Congress, in the light of 
the financial situation, will make additional large 
appropriations; and it would be impossible without 
creating many complications to divert the existing 
appropriations from the purposes and plans already 
under way under the cooperative arrangements with 
the States. A considerable part of the available 
appropriations has already been formally tied 
up under agreements with State departments and 
contracts for large sums have been let. Additional 
large amounts are being pledged monthly. Every 
State has accepted the Federal act and many of 
them have by law directed its agencies to cooperate 
with the Secretary of Agriculture. A number of 
the States have large sums available for cooperation, 
in Many instances much in excess of what is neces- 
sary to meet the requirements of the Federal act, 
and other States are preparing greatly to increase 
their appropriations. These State laws and arrange- 
ments can not easily be changed and perhaps would 
not be. After the original act was passed, more than 
a year elapsed before many of the States were able 
to secure legislative action which would enable them 
to comply with the Federal law and to begin the 
construction of roads. With the passage of the 
amendment carrying a large additional appropri- 
ation, there arose a necessity for further legislative 
action in some of the States. It seems to me that 
instead of asking for more or different legislation 
we should now proceed actively and vigorously with 
the construction of roads under existing arrange- 
ments. 

NOTHING GAINED BY COMMISSION. 

‘“‘T am convinced that nothing material would be 
gained by the proposed change. Much would be 
lost. As has been pointed out, many complications 



would be introduced. The creation of a commission 
would entail unnecessary additional administrative 
expenditures and the commission could not do 
anything that can not now be done more effectively 
by the existing cooperative machinery. There 
would also be a radical change of policy. I do not 
think that the people of the States will be willing to 
substitute for the present policy of developing roads 
on the principle of serving the largest economic 
purposes that policy advocated by those whose 

‘ interest is in two main or trunk-line automobile 
roads in each State, nor do [ think that they would 
be willing, even if it were legal or practicable, to have 
existing funds diverted from the present or contem- 
plated projects, worked out with the aid of the 
State highway departments, solely to the construc- 
tion of such roads. The largest service will be ren- 
dered, not only to farmers, but, in the long run, also 

to urban people, by following the principle of con- 
structing roads of the greatest economic importance, 
selected after careful consideration by the State 
agencies having adequate knowledge and approved 
by the Federal department. It seems to me clear 
also that, as the work proceeds, we shall have roads 
which will be equally serviceable not only to those 
interested immediately in long-distance automobile 
travel and motor-truck transportation, but also to 
those interested in getting their farm produce to the 
market in the easiest and the most effective manner 
and in the transportation of the mails. I have no 
prejudice against any sort of road except a bad road, 
or against any sort of construction except wasteful 
and unsubstantial construction. If traffic condi- 
tions require heavy construction, then I am in favor 
of it; and in any case, under the law, the construc- 
tion must be substantial. 

GOOD RESULTS OF BANKHEAD LAW. 

‘The road-construction movement is growing very 
rapidly. The Federal aid road act has done much to 
promote it. It has stimulated financial aid and has 
caused many State legislatures to create central 
highway departments. Experience has brought 
about amendments to the law and helpful changes in 
administration. Comprehensive road programs have 
been inaugurated. They are being pushed vigor- 
ously. They will result, in a shorter time than most’ 
people imagine, not only in a network of good, sub- 
stantial roads in the various States of the Union, but 
also in the requisite interstate highways. 

WHY INTRODUCE COMPLICATIONS? 

‘‘Why at this stage introduce complications and 
embarrassments? Why should not the friends of 
the movement for roads to serve the people coop- 
erate? It is difficult for me to see why all who are 

animated by high public spirit in their thinking 

concerning highways should not cooperate in the 
development of present programs and in the per- 
fection of the existing processes and machinery, 
instead of attempting to overthrow them. I believe 
that many of those who are backing the proposed 
change do not know the facts and are not aware of 
existing conditions and possibilities.”’ 

$6,500,000 FOR DALLAS ROADS. 

Dallas County, Tex., on May 24, voted by an over- 
whelming majority to issue road bonds to the amount 
of $6,500,000. The commissioners and advisory 
board will determine at an early date thc initial 

expenditure to be made from this amount. The 
plan submitted to the people with the proposition 
provides for a complete belt line around the county, 
with 12 roads radiating out from Dallas to all sec- 
tions, and in addition 6 intermediate roads connect- 
ing the radial highways. The proposal showed the 
location of each of these roads, its construction, 

location of culverts. and approaches, the cost of 
each section and of the improvements upon it. 

The system provides for 332 miles of road, and 
in addition feeder roads amounting to about 100 
miles will be improved by the decrease in mainte- 
nance expense. Federal aid amounting to $250,000 
had been allowed to Dallas County for its highway 
development, and a large number of motor trucks 
will be assigned to assist in the construction work. 

This Dallas bond issue was by far the largest 
amount ever submitted in any county in Texas, 
and it is one of the largest voted anywhere in the 
country. The result of the vote was looked for 
with great interest by Texas people, and the big 
majority by which the proposal carried is expected 
to have a favorable influence in State election in 
November on an issue of $75,000,000 for road 
construction. 
Many counties near to Dallas have voted bond is- 

sues for large amounts. Collin County voted 
$3,000,000; Hunt, $2,000,000; Denton, $1,650,000; 

Titus, $1,500,000; Kaufman, $1,450,000; Rock- 

well, $800,000; and Ellis, $250,000. Tarrant County 
will soon vote on a proposed issue of $3,500,000, 
and there are several other counties which have 
pending issues. 

COUNTY TO SPEND $2,000,000. 

Washington County, Miss., now has available 

over $2,000,000 for highway improvement. There 
is an unexpended balance of about $800,000 from 
a bond issue of $950,000 voted three years age, 
while it was recently decided by a large majority 
at a special election to issue an additional amount 
of $1,250,000 for road building. 
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DELAWARE’S FEDERAL AID WORK 
By A. R. LOSH, Acting District Engineer, Bureau of Public Roads. 

REDUCING AN 11 PER CENT GRADE TO 5 PER CENT ON DELAWARE PROJECT NO. 1A. 

‘ITE policy followed by the State highway de- 
partment of Delaware in the selection of Fed- 
eral aid projects has been to place the Federal 

funds on the trunk highways of the State system. 
As only a small portion of the State highway system 
has been constructed, it has been possible to select 
as Federal aid projects the most important roads of 
the State. <A further policy of the department has 
been to place as large a mileage as practicable on 
the Federal aid program so as to insure in a measure 
the future maintenance of the roads. As a result 
of this policy, and due to the fact that the Delaware 

apportionment is comparatively small, the Federal 
fund allotted to projects has been but a small per- 
centage of their total cost. 

The Federal aid allotment to the State for the 
first three years of the original Federal aid, amount- 
ing to $48,965.10, was assigned to projects 1A and 
2, and is but 4.1 per cent of their estimated cost. 
The Federal aid act as amended provides $130,349.55 
for the first three fiscal years ending June 30, 1919. 
Projects have been submitted in excess of this sum 
as shown in the following table. 

DELAWARE FEDERAL AID PROJECTS. 

Project. | Roadway. | Federal aid allotted. 
| 

—— = SSS RR | ines = Bead js ie 
; total cost. 

- : miles : Per cent 
No. Road. Type. Width Amount. totaltcost 

: noainls 2 Feet. 
1A*} Philadelphia iPikews.yes. a2. ooo eee arate By (2) | MESTICK iE fi. Rifas cate stems aie ddicle eee amare 19 $639, 349. 59 $28, 550. 00 4.46 
Tb Sa FER ra Peng ace goad -angcsncnar trie soe coe a Alipe oe (0h See na SCE ounU aa eeaobe Seu adat 40 83, 116. 72 4,500. 00 5. 41 
2 Laure)-Bridgeville:: tt t-ehcs. cen sete earns meee 11.6 iPlain-cement concrete: 25.5) cr acme 16 537, 827. 40 20,415.10 | 3.79 
3 Greonwood-Farmingtomces.  4.e,eee eae ee ecaees Pee oo COs Wo tees cttar oee catered eee Tee 16 137, 601. 73 36, 000. 00 | 26.16 
4 Delmaye lawl Olas apse atta etal tte e erate eee a Sra0) jeans Oinve igi ce clansas'® te Cee e ae ete 16 177, 936. 00 40, 000. 00 | 22.47 
5 Parmington-Barrington.-¢- =o -sasnemecsseeme till TON isAae DOs etc 2-0 nating Saaecioee eee 16 210, 143. 11 54, 000. 00 | 25. 69 

Total . 5. adc cbeandaes decd scgags haste be cee Btrec laaee opi ac] Sze Mae cases cee: IE) 2 ees cae | 1, 785,974.55 | 183, 465. 10 | 10. 272 



~] 

- .6. Shoulder jae —~- [8 Brick Roadway ; fr -8' Shoulder a. af 

Wbutter Size” 

Slope £: ne 
‘ 

NAN alll Y, O ii TY OMS SEES Toe as Y SE . SIN TIN 

: TN TET IN LEDGE CUTTING NO ROCK UTS 
6" MACADAM SHOULDERS-WIDTH ey Waele EN fig LNT ST asd a ; ! mE SMS REN7O EXTEND ABOVE THIS LINE =’ Xi 

DEPENDENT ON AMOUNT OF STONE o. Brick 
SCREENED FROM STONE ON og cease CUSHION 

ES eae SECTION IN FILL SECTION INCUT —~%%7" Class B concrefe /:2z°5 
Grout Filler /:1z 

IN 

TYPICAL SECTION 

DELAWARE FEDERAL AID PROJECT NO.IA 

ae 

CENTER LINE. OF STREE. 

TIES AND TRACKS 70 BE LAID BY TRACTION CO} 

OLD ” “ « —« REMOVED BY "264 88-0" THES == 
BS 70-9 ONE BALLAST 

K WWE! UN aes SOR NY eK IUBGRADE AND BALLAST 70 BE ROLLED 

/- seen Sand cushion =e AS SPECIFIED UNDER "MACADAM" 

6 Class B concrete /:2z°$ 
Grout Filler /:1z 

TYPICAL SECTION 

DELAWARE FEDERAL AID PROJECT NO.IB 

6 Shoulder ote /6° Roadway <—6 Shoulder: + 

| ns 5 ce fer 

‘Crown arc of circle. ; ,p" (2 Gutter Sipe 
Slope 2: 1° | Ar ay Oe 01973 Bro 5a: Fe ¢ ; F Ss oes 2 me ag fe 6 i! Sg 

| TNTININI IN AN IESE tak eet a Pe CSO eid. Pay SAT REOS NI INVINIININ Ay y | (3) ot tte lope ES ea EN AMNTNTIM TN TINT AN START NTINTINTI NTS 222/27 “NNN ae AY 5 eee 

50 SC Flat subgrade ea WLS 2 Cement eS DS Aare Tas eae -Fjopé ef 

«ard R SECTION IN FILL ‘ SECTION IN CUT WHENEVER curs ARE WIDENED THE 

SLOPE SHALL BE CARRIED UP AS 

SHOWN AND THE WIDTH SHALL 

TYPICAL SECTION NOT EXCEED 3 FEET 

DELAWARE FEDERAL AID PROJECTS NOS. 2-4 

k- 6 Shoulder Sinies — 16 Roadway —. —— Bale 8 Shoulder —»! 

| | | | ! " at 

ake Crown arc of circle~ | é , i Si I eyphegerctae hee tL” Slope dp-—4/ 
NVANYA AWWA WANA PO EEC Ae oh ear or ; edz) mm WN N TIN YiN\ 

Lee peng = 0% NWA UD s1) 

~ Flaf Meee 
yA Ma 

; i "2: a a ement conerele 

SECTION IN FILL | SECTION IN CUT PEN EPEC eS a, a Nene 
SLOPE SHALL BE CARRIED UP AS 

SHOWN AND THE WIDTH SHALL NOT 

TYPICAL SECTION EXCEED 3 FEET 

DELAWARE FEDERAL AID PROJECTS NOS. 3-5 

| | ES oiep eat —/0' Roadway — I Shouloer- i Gutter 
| Sines a apy 

‘ps 

| e At WWW TINT im pt ae "WA ER VIAN TEND 
Slop FO pelt WALA TS ; SLE EN 
ZL Ral Hs 

- Gt? | Ae 

SECTION IN FILL : SECTION IN CUT WHENEVER CUTS ARE WIDENED THE 
SLOPE SHALL BE CARRIED UP AS 

“TYPICAL SECTION | Bony sna WIDTH SHALL NOT 

DELAWARE STATE AID PROJECTS 



LOWERING TELEPHONE WIRE CONDUITS ON DELAWARE FEDERAL AID PROJECT NO. 1. 

THE RIG Hite 

The State highway department is concentrating 
its efforts at the present time on building the trunk 
highways of the State system. In anticipation of 
future heavy motor-truck traffic, the building pro- 
eram provides for substantial improved types and 
only high-grade work. Generally these roads pass 
through agricultural sections and for that reason it 
is possible to make the design and location on broad 
engineering principles and without greatly disturb- 
ing existing permanent improvements. 

RIGHTS-OF-WAY., 

On all trunk highways the minimum right-of-way 
taken is 60 feet. The Philadelphia Pike, Federal 
aid projects Nos. 1A and 1B, has a right-of-way of 
80 feet. This width was taken in anticipation of 
future suburban development along the project. As 
it serves the industrial section between Wilmington 
and Philadelphia, a large portion of property adja- 
cent to this highway is being developed for residen- 
tial purposes. The last State legislature passed a 
law enabling the State highway department to con- 
struct roads through incorporated towns. On roads 
through towns and adjacent to cities rights-of-way 
of 80 feet will be established in order to insure suf- 
ficient width for traffic ways and allow for future 
planting and parking as may be found desirable. 

NOTE THE TEMPORARY CABLE ON 

STANDARD ROAD SECTIONS. 

The road sections typical of the Delaware project 
are shown in figure 1. It will be noted that the sec- 
tions are quite wide beyond the edges of the improved 
roadway. The section for project 1A provides in 
addition to the 19 feet of brick and concrete, mac- 
adam shoulders from 4 to 8 feet in width. On 
project 1B the middle of the roadway is occupied 
by two electric railway tracks and to accommodate 
traffic the roadway has been widened to 40 feet be- 
tween curbs. Projects 2 and 4 have earth shoulders 
6 feet wide, while projects 3 and 5 have shoulders 8 
feet wide. The reason for this difference is that on 
projects 2 and 4 the soil is quite sandy and the 
shoulders of this material would not be suitable for 
traffic, while on the other two projects the soil is of 
such a nature as to make it practical to maintain an 
earth roadway on each side of the concrete. 

The special section shown with an improved road- 
way of only 10 feet in width is to be used where the 
present traffic is light but where an improved road is 
needed to develop the country served. It is pro- 
posed to build the improved roadway for one line of 
traffic, using the shoulders, which are to be 11 feet 
wide, for passing, and, if desired, for horse-drawn 
vehicles. If traffic increase warrants a wider road- 
way the same can be provided readily by the addi- 



DERRICK CAR, CLAM-SHELL BUCKET, AND MOVABLE BINS ON WIDE GAUGE TRACK, DELAWARE FEDERAL AID PROJECT NO. 4. 

tion of concrete slabs to one or both sides of the 10- 
foot roadway. Generally the improved width of 10 
feet will be of bituminous macadam on a slag base. 
This section is especially adaptable at this time to 
the east-and-west State highways and to State aid 
highways on which the counties cooperate in the 
cost of the construction. 

ALIGNMENT. 

Alignment receives very careful study of all roads 
improved by the State. Little attention is given to 
existing roads, which were laid out generally along 
property lines. The practice of the State highway 
department is to build on long tangents and easy 
curves, going to considerable expense where neces- 
sary to secure such a line. One of the State high- 
ways has a tangent 14 miles long; other tangents of 
several miles in length are not infrequent. Curves 
of more than 2 degrees are exceptions to the gen- 
eral practice of the State. The maximum curvature 
on the present established State highway is 6 de- 
grees. As a result of this practice a great many 
relocations are necessary. Generally it has been 
found that the saving in the cost of construction 
due to the saving in distance on the relocated line is 
sufficient to pay for the new right of way and prop- 
erty damages. 

119883—19 pa 

This is not, however, considered as a limiting 

factor in deciding upon locations. On Federal aid 
project No. 2 there are several relocations that have 
been quite expensive to make and with very little 
saving in construction cost. On one of these where 
the saving in length is small the relocation has re- 
quired moving a house, several farm buildings, and 
the building of a 20-foot span concrete arch with 
heavy earth embankments. This was done in 
order to avoid two dangerous curves and the placing 
of the roadway over a mill pond dam, as was the case 
with the old road. 

The maximum gradient for Delaware State high- 
ways is 6 per cent. This maximum occurred on 
project No. 1A where, before improvement, the 
grade was 11 per cent. This particular piece of 
work required the removal of a large amount of rock. 

DRAINAGE. 

Road drainage often presents difficult problems. 
On project No. 1 there is ample fall, and means for 
surface drainage are provided readily, except occa- 
sionally where special outlets are necessary. Under- 
drainage, in this case, is much more difficult, because 

of the nature of the soil. Special tile drains are pro- 
vided on long grades where there is danger that 
ground water will flow under the roadway, or at other 
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DELAWARE FEDERAL AID PROJECT NO. 4 

places where seepage may occur. Lateral drains at an 
angle of about 60° with the roadway are constructed 
50 to 75 feet apart on these long grades on project 
No. 1. These drains consist of 4-inch tile laid with 
open joints and covered with crushed stone to the 
surface of the subgrade. 

On other projects, especially in southern Delaware, 
underdrainage gives little trouble, as the soil is of 
a sandy nature and does not retain storm water 
readily. On account of the low grades encountered 
in this section special outlet channels often are 
necessary. On many of the adjacent farm lands 
special channels have been provided for drainage 
purposes, and these are often used as outlets for the 
road drainage. Many of these special drainage 
channels have been constructed and maintained by 
special taxes levied on the benefited property. 
Where these waterways cross the highways careful 
study is given, so that ample openings may be left 
for these special channels. The elevation of culvert 
floors receives special attention with the view of 
providing sufficient fall for future drainage develop- 
ment and to prevent ponding of storm water. 

Bridges and culverts usually are constructed of 
reinforced concrete. For waterways of 7 square 
feet or less remforced concrete pipe generally is 
specified. Vitrified tile is used occasionally instead 
of reinforced concrete pipe. All pipe culverts are 
protected with concrete headwalls. Risinitoresd cn-o 
crete box culverts and beam spans are used for 
openings of from 3 to 18 feet in length. For longer 
spans | girders and arches of reinforced concrete are 
used. The clear roadway for culverts and bridges 
varies from 32 to 40 feet in width. ALI such struc- 

tures on project No. 1 have roadways of 40 feet. 
Substantial reinforced concrete guard rails and hub 
guards are provided on all spans of more than 6 feet. 
It is the practice to place the bridge floors below the 
finished subgrade so that the roadway or pavement 
may be constructed over the structure without any 
change in general construction features. 

PROJECT NO. 1. 

Delaware’s first project, No. 1, known as the Phila- 
delphia Pike, is the most heavily traveled high- 
way in Delaware. It begins at the eastern corpora- 
tion line of Wilmington and extends northeast to 
the Delaware-Pennsylvania line, a distance of 6.21 
miles. The preliminary investigations of the State 
highway department showed that this coad was 
receiving in 1917 an average of 35,000 gross tons 
per week. Locally, the project serves sections 
principally utilized for residential purposes. There- 
are also a number of industrial developments to be 
served, and it is thought that these mall increxse in 
the future. 

As a State highway it will serve as an outlet to 
northern markets for the products of the agricul- 
tural sections of Delaware. Traffic from this 
source will greatly increase with the completion of 
the State highway from Wilmington south. The 
project is also a very important interstate highway 
carrying a greater portion of the througn north-and- 
south traffic. Trallic from Philadelphia to the south 
by way of Baltimore and the Maryland system of 
roads to the Shenandoah Valley, by way of Wash- 
ington and Richmond, or by way of Cape Charles 
and Norfolk would pass over this project. Due to 
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FINISHING THE SUBGRADE ON DELAWARE PROJECT NO. 4, 

its importance in this ,respect, the State highway 
department has used every effort to secure its early 
improvement. 

COST UNUSUALLY HIGH. 

Contracts for section A, 5.72 miles, were awarded 
in May, 1917, and amounted to $639,349.59. While 
the price of road is unusually high, $111,774.23 per 
mile, it should be borne in mind that these contracts 
were let during war times in a section of the United 
States where labor was in great demand and that 
being a road of comparatively wide section the 
quantities of work to be performed are larger than 
ordinarily. Earth excavation and borrow amount 
to 53,000 cubic yards and in addition to this 14,500 
cubic yards of rock excavation are required. Prices 
for the earth excavation were $1.62 and $2 and the 
rock $3.72 and $5 per cubic yard. Concrete base 
was awarded at $14 and $14.25 per cubic yard and 
vitrified brick (not including base) $2.50 to $3.50 per 
square yard. The unusual hazards due to war con- 
ditions undoubtedly affected the prices of the work. 

The typical section illustrates the character of the 
improvement. It is the standard semimonolithic 
brick pavement. The specifications for the base re- 
pre a 1:24:5 concrete with the addition of 0.1 cubic 
eet of hydrated lime per bag of cement. A mix of 
one minute in the drum and a minimum of 15 revo- 
lutions also is required. The 1-inch cement-sand 
cushion course is in 1:3 proportions and the grout 
filler 1:14 proportions. 

Specifications for the brick require a wire-cut vit- 
rified paving block which will lose not more than 
22 per cent in weight when submitted to the stand- 

NO MATERIALS LOST AND THE SUBGRADE UNIFORM, 

ard rattler test. On one contract Bessemer brick is 
used and in the other one Clydesdale. Plant inspec- 
tion and test of the brick were made by the State 
highway department. Check tests from field sam- 
ples also were made. The requirements of the 
specifications for hand piling of brick were waived 
by the State highway department to facilitate the 
rapid handling of freight cars, and the contractors 
dumped the blocks on the roadside. The brick 
were dumped from trucks against a sloping bulk- 
head, which it is believed greatly reduced the amount 
of spalling. The results of this method were satis- 
factory. 

SECURING SMOOTH FINISH. 

In laying the cement-sand cushion course, care was 
taken to eliminate all inequalities of the base and 
secure a smooth finished surface. To accomplish 
this, ‘‘finish grade’? was marked on the curbs at 
intervals of 10 feet. 

Because of the great changes in grades in a num- 
ber of places it was necessary to lower much of the 
long-distance telephone cables in conduit along the 
project. Serious objections were made by the own- 
ers of these lines to making such changes during the 
stress of war times, as it was feared interruptions of 
the service might result. In some cases the con- 
duits were lowered as much as 13 feet. ‘Temporary 
cable lines were put up to by-pass the work, Blast- 
ing on the heavy rock work was done within 8 feet 
of the conduit without injury to the tile. 

The material from the old roadway, mostly sur- 
face-treated macadam, is being used as shoulder 
material for the new construction. As rapidly as 
sections of the project are completed they are opened 



THE 400-POUND TEMPLATE IN USE ON DELAWARE FEDERAL AID PROJECT NO. 4. 

to traffic, so as to relieve as much as possible the 
lighter built detour roads. 

Section 1B of this project, being 0.492 mile in 
length, was not placed under contract until April of 
this year. The State highway department expects 
the completion of the entire project by August of 
this year. ; 

PROJECT NO. 2. 

The State’s second project is a part of the main 
north-and-south State highway and extends from 
Bridgeville to Laurel, a distance of 11.52 miles. 
Contract for this work was awarded in May, 1918, for 
the sum of $537,827.40. The project serves locally 
an agricultural community, but when the highway 
is completed to Wilmington this project will be a 
portion of an important through line for traffic from 
southern Delaware, the Eastern Shore of Maryland, 
and through traffic by way of Cape Charles and 
Norfolk. 

The country through which the road passes is 
quite flat. Earthwork amounts to about 5,000 cubic 
yards per mile, and the contract price is $1.50 per 
cubic yard. The contract price on concrete road- 
way is $17.50 per cubic yard. 

This project and project No. 4 are identical as to 
type and standard of construction. 

The specifications for the concrete require the pro- 
portions of 1 : 2:4 with the addition of 0.1 cubic foot 
hydrated lime per bag of cement. The use of hy- 
drated lime is based on extensive experiments con- 
ducted by the State highway department. Mixing 
must be carried on for a period of at least one and a 
half minutes with a minimum speed of the drum of 

15 revolutions per minute. The practice is to use the 
minimum amount of water which will give a con- 
crete that can be properly worked and finished. 

Special attention is given to securing a smooth, 
compact, uniform finish. To obtain this the con- 
crete is worked down with shovels immediately 
ahead of the template, which is worked forward with 
the usual sawing motion. Practice has been to 
develop a heavy template. The template used this 
season weighs 400 pounds for a 16-foot roadway. 
By using a template of this weight it is not lifted 
readily from the side forms and consequently in 
working forward it cuts a fairly uniform surface. 

USE SPECIAL FINISHING BELT. 

For removing excess water and for finishing the 
concrete surface the standard practice of using a 
roller and belt is followed. Tor the past year a 
special arrangement for the finishing belt has been 
used in Delaware. It is a bow-belt 10 inches wide 
and 17 feet long attached to two 3 by 3 inch boards 
bowed so that the apex of the are is 3 feet above the 
four-ply belt. Rubber belting is preferred to canvas, 
as the latter is liable to warp out of shape. C. S. 
Gale, engineer of construction for the State highway 
department must be given considerable credit for 
this form of belt finisher, and also for the heavier 
template now being used. 

Joints are placed in concrete roadways only as 
construction features. At the end of each day’s 
work a joint is made by finishing the concrete 
against a bulkhead cut to conform to the finished 
cross section of the road. Through this bulkhead 



USING THE SPECIALLY DEVISED 10-INCH BOW BELT ON DELAWARE FEDERAL AID PROJECT NO. 4. 

five 4 inch steel bars 4 feet long are extended for 
half their length into the concrete. These bars are 
coated with asphalt before being placed in_ the 
concrete. When the work is resumed the bulkhead 
is removed ‘and the new concrete placed against 
the old, embedding the exposed portions of the bars. 
The joint thus formed is simply held in a vertical 
plane, the bars acting merely as dowels, allowing 
opening of the jomt in a horizontal plane but no 
separation of the slabs vertically. 

ROADS OPENED AFTER 30 DAYS. 

The finished concrete is first protected by canvas 
and then with 2 inches of wet earth for 14 days. 
Concrete roadways are not opened to traffic until 30 
days have elapsed from the time the concrete was 
placed. 

Construction methods on this project are along 
the lines*usually followed in this type of roadway. 
Grading generally has been completed, except for 
subgrade finishing, well in advance of the placing 
of concrete. Coarse aggregate is delivered by rail 
and a clam shell bucket is used for unloading the 
cars. The material is stock piled or placed in a 
bin which discharges directly into trucks. The 
stone is stock piled along one side of the road on the 
shoulder so as not to interfere with setting forms. 
Sand is hauled from a local pit and dumped on the 
subgrade as needed. <A loader is used instead of 
wheelbarrows to measure and deliver the aggregate 
to the mixer skip. When not mixing concrete this 
loader is sometimes used for loading sand from the 
pit or for loading excavation or borrow into trucks. 

PROJECT NO. 4. 

Project No. 4 is practically a continuation of 
project No. 3, extending from Laurel to the Delaware- 
Maryland line. A portion of this, however, was 
built before Federal aid was applied for and is not a 
part of the Federal-aid project. Contract for this 
work was awarded in May, 1918, at a contract price 
of $237,400 for 6.3 miles. 

The general plans and specifications are the same 
as for project No. 2, but the method of construction 
differs materially. All materials are received at a 
central storage and loading plant and are sent direct 
to the mixer in batch units by means of industrial 
railway equipment. A general plan of this storage 
and loading plant is shown in the accompanying 
drawing. 

Stone and sand are received in open cars on the 
railroad siding (track “‘A’’) and are unloaded by 
means of a clam-shell bucket and derrick working 
on track “B.”’ The material, if for immediate use, 
is placed in the bins, which are also operated on 
track ‘“B” or placed in storage piles for future use. 
Cement is also received on track “A,” and if for 
immediate use is unloaded onto movable platforms 
that can be quickly set up conveniently near the 
car. If the cement is for future use, it is placed 
in the cement storehouse, from which it is placed on 
temporary platforms for use as needed. 

A train to be loaded receives sand and stone on 
track ““C”’ by passing under the material bins, where 
the proper amount of each material is dumped into 
batch boxes. Each car carries two boxes, and a 
box holds a batch of aggregate. Cement and lime 
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HOISTING A BATCH FOR DUMPING INTO THE MIXER DRUM 

ON DELAWARE FEDERAL AID PROJECT NO. 4. 

are received from track “D”’, the cement being left 
in bags until the mixer is reached. Tracks ‘‘E”’ 
or “F”’ are used to reach the mixer, depending upon 
its location. 

Upon reaching the mixer the boxes are hoisted 
from the cars and dumped directly into the mixer 
drum. The time required for making the hitch, 
hoisting and dumping the box, and replacing it in the 
car is one and one-half minutes. The mixer is an 
ordinary machine remodeled to handle the boxes. 
The skip has been taken off, but the skip hoist is 
used to raise the boxes. The mast is an extra 
heavy 5-inch iron pipe filled with cement mortar and 
the boom is made up of two 6-inch channels. The 
mast is stepped into a casting Over a worm gear and 
can be turned through an angle of 160°. This 
special attachment for handling the boxes was put 
together by the contractor. ‘he hitch for lifting 
the boxes is simply a yoke with links on each end 
which engage strap-iron hooks on the boxes. 

The advantages and disadvantages of this method 
of handling and transporting materials for road con- 
struction are generally well known. All special 
equipment, such as batch boxes, mixer hoist, and 
stone bins, were made by the contractor and used 
with his regular construction equipment, 

At the present time the contractor has a force of 
67 men and the following equipment: One concrete 

EIGHTEEN-INCH BRICK, MACADAM SHOULDERS, UNFINISHED, 

ON DELAWARE FEDERAL AID PROJECT NO. 1. 

mixer of 1 cubic yard capacity, 2 gasoline dinky 
engines, 42 cars, 84 loading boxes, 35 miles narrow- 
gauge railway, 1 steam roller, 10 teams, 2,500 linear 
feet steel side forms, and in addition the loading- 
plant equipment. 

PRICES THIS YEAR ARE LOWER. 

Projects Nos. 3 and 5 have been awarded recently 
at the prices given in Table No. 1. Some of the 
unit prices on this work are worthy of note in com- 
parison with prices on similar work awarded last 
year (projects 2 and 4). The price for excavation 
was $0.676 per cubic yard and the price for cement 
roadway was $13.50 spat cubic yard. These are 
about 45 per cent and 70 per cent respectively of 
last year’s prices. 

Recent changes in Delaware practice for the con- 
struction of concrete roads are principally the follow- 
ing: Use of the bow belt for finishing, using a 10-inch 
rubber belt; use of a 400-pound template with a 
minimum face of 8 inches, and requiring a batch 
meter for mixers on all new contracts. 

At the present time the State highway department 
is revising its standard specifications and these are 
among the changes that will be made. The question 
of using a roller of larger diameter for finishing the 
concrete is now being considered, as is also the use of 
more rigid types of steel forms. 
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SUGGESTIONS FOR CONTRACTORS 
ON CONCRETE ROAD CONSTRUCTION 

By CLYDE E. LEARNED, Highway Engineer, Bureau of Public Roads. 

from long observation and practice in the 
construction of concrete highways, are offered 

with the view to affording aid to contractors and 
others engaged in such work. 

Never attempt to build a concrete pavement 
unless you already have built one or have in your 
organization at least one good foreman thoroughly 
‘acquainted with this type of construction. 

Troublesome equipment, especially the principal 
items such as the mixer and the pump, often will 
cause delays that are more costly than interest on 
new equipment. Therefore, in all cases where used 
equipment is employed, it is advisable to see that all 
is thoroughly overhauled and put into good running 
order before starting work. If the job is a large one, 
especially if isolated from repair shops, it usually will 
pay to consider carefully the purchase of new mixer 
and pump. 

The cables on the mixer, as well as various parts 
on the mixer, the pumps, and other machines, are 
subject to rapid wear. To avoid delays caused by 
the breakage of such parts, spares should be kept on 
hand or under order at all times. 

Have on hand at all times a list of repair parts and 
the nearest agencies for each machine. 

OB: following notes and suggestions, compiled 

CAREFUL OVERHAULING SAVES MONEY. 

Keep all nuts on the mixer tightened and use 
plenty of oil and grease. It is money well spent to 
have the machinist spend ample time in carefully 
overhauling, cleaning, and adjusting all machines on 
the job. 

Use a well-laid loop in feeding the mixer. By 
laying a3 by 6 foot platform in front of the skip and 
by properly placing the runways a large skip can be 
loaded in a surprisingly short time. 

In soft ground it will be necessary to provide run- 
ways for the wheelbarrow men and for the mixer 
itself. In fact, itis always better to have runways, 
but where they are used ample room should be pro- 
vided at the skip for turning and there should be no 
drops onto or off of the runways. 
Have the material that is distributed on the road 

ahead of the mixer properly placed, as considerable 
delay is caused when wheelbarrow men have to 
wheel materials a long distance. 

Place a reliable man in charge of receiving and 
placing materials and do not depend upon the team- 
sters or the truck drivers to allocate them properly. 

Dump wagons and trucks often cut up the subgrade, 
with the result that more or less material may be lost 
in the ruts. This loss can be largely eliminated by 
having a laborer fill any ruts where a load is to be 
dumped. 

TAKE CARE OF THE SUBGRADE. 

Many contractors do not pay enough attention to 
the preparation of the subgrade or to taking care of 
it after it has once been shaped up, with the result 
that they have costly delays at the mixer and much 
unnecessary expense in reshaping the subgrade. If 
enough care is exercised in these particulars it usu- 
ally is possible to eliminate the one or two men 
working on the grade ahead of the mixer. 

Figure the proper spacing of the loads before 
cement is piled along the road ahead of the mixer. 

Have the cement dumped on the opposite side of 
the road from the pipe line. 

Shake out and tie up cement sacks as they are 
used. A man will shake enough cement out of the 
bags to more than pay his wages. 

Have the sacks gathered up every night rather 
than left in piles along the road. 

Have boards placed under any cement that is to 
be left out over night and have enough canvas on 
hand to cover it in case of rain. 

If side forms are to be used, grade the road so that 
the shoulders will not interfere with placing them. 

Where wooden side forms are to be used over and 
over it will save money to cap them with angle irons. 

If motor trucks are used for hauling, it generally 
will be advisable for them to back in to dump their 
loads. 

ECONOMY IN USE OF TRUCKS. 

For hauling the materials for a concrete road it is 
more economical to use trucks with a capacity of 
from 34 to 5 tons than trucks of a smaller capacity 
unless local soil conditions make the operation of 
such large trucks inadvisable. 
A small-capacity truck often proves economical 

for hauling cement, as it can be driven between the 
material piles on the road and has comparatively 
little tendency to damage the subgrade. 

Before buying a pump do a little figuring, taking 
into consideration the size, length, and condition of 
the pipe line to be used, the maximum vertical 
height to which water is to be raised, the amount of 
water that will be required, and the source from 
which it must be obtained. When the supply is from 
a deep bored well it will be necessary to provide an 



extra pump for lifting the water from the well. This 

should be a deep-well pump connected to an appro- 

priate engine. Itis used to pump the water into the 

storage tank or reservoir from which the high- 

pressure pump draws the water for the mixer. 

Do not use less than a 2-inch pipe line, and discard 

all defective lengths and rethread all poor ends before 

laying it. 
WATER REQUIREMENTS, 

The water requirements will vary from 20 gallons 

to as much as 60 gallons per minute. This includes 

water for the concrete mixing, for wetting the sub- 

grade, and one stream for curing the concrete. 

Usually one stream is not enough to keep the green 

concrete in good condition, so it will often be neces- 

sary to resort to night pumping to provide enough 

water for this purpose. 
The following tables will be of assistance in deter- 

mining the size of pump required for most conditions: 

TABLE, 1, 

Loss in friction head (in feet) in 2-inch 
pipe. 

Water required per minute. 

1 mile. | 2 miles. | 3 miles. | 4 miles. 

20:callons ie. .cae. ete ee sae ota 51 102 153 204 
30 CallOns 2) wee eee eo Oe uae tars oer 110 220 330 440 
40igallons Sounttae 5 Ph ee 1 Be ee re 194 388 582 776 
HO wallonss.ne- eee eee elects wee Ae 296 592 888 1, 184 
GO callOns tetas es te dates Ae emer 468 936 1, 404 1,872 

To the loss in head in the above table it will be 
necessary to add the vertical height that the water 
is to be pumped and to make allowance for angles 
and valves. 

The theoretical horsepower required to raise water 
to different heights is given in the following table: 

TABLEA LIL, 

| Height to be raised (in feet). 

Per minute. 

100. | . 200 300 400 500 600 

20 gallons........| 0.50 1.00 1.50 2.00 2.50 3.00 
30 gallons.......- | .75.-| 1.50 2. 25 3.00 3.75 4.50 
40 gallons.......- | 1.00 | 2.00 3. 00 4.00 5.00 6.00 
50 gallons.......- | i045 2.50 Berke 5.00 6.25 7.50 
60 gallons.......- | 1.50 3.00 4.50 6. 00 7.50 9. 00 

Multiply theoretical horsepower by 4 for deliveries 
of 30 gallons per minute or less and by 8 for deliveries 
of from 30 to 125 gallons per minute. 

Example. 

Required, 40 gallons per minute; maximum distance to be pumped =2 
miles, up a hill 100 feet in height. 

From Table J: 
Loss in: bead in pipe linete..: @raeqs aes seer ee = 388 feet. 
Vertical bergitt 1p Dies oes eee eee = 100 feet. 
Estimated loss of head in valves, elbows, etc.. = 20 feet. 

Total beadis.. ee he. be eee ee eee eee = 508 feet. 
From Table IT: 

Theoretical horsepower required.............. 
Actual horsepower required for engine and 
pump, three times theoretical horsepower... 

5 horsepower. 

15 horsepower 
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RELIEF VALVES TO PREVENT DAMAGE, 

The vertical distance from the water surface to the 
pump should not exceed 20 feet, and a foot valve 
should be placed on the end of the suction pipe. To 
prevent damage from excessive pressure in the line 
all pumps should be provided with relief valves. 

Provide a 1-inch hose from pipe line to mixer. 
At the pump provide a check valve in the main 

pipe line, and between it and the pump put in a tee 
with a short nipple, on which a globe valve is set. 
Open the globe valve before starting the pump, 
allowing the water to discharge into the air at this 
point. Close the valve as the engine gets up speed. 

Globe valves should be provided in the pipe line 
about every 1,000 feet apart, 2-inch to 1-inch tees 
from 200 to 300 feet apart, and unions about 500 
feet apart. 

The insert for the mixer should be made up as 
follows: A 1-inch short nipple, a 1-inch globe valve, 
and another 1-mch short nipple, to which the mixer 
hose is coupled. 

The hose for wetting down the concrete usually is 
1-inch size, as it is easy to drag around. The inserts 
are made by using a l-inch nipple, then a 1-inch 
square-head cock, and then another 1-inch short 
nipple. About a dozen of these inserts should be 
provided, and they should be moved from place to 
place as the progress of the work requires. 

CARE IN LAYING PIPE LINE. 

In laying the pipe line eliminate sharp sags and 
raises as much as possible, for air pockets at the 
high points will cause much trouble. If an extra 
tee is placed at each high point, a nipple inserted 
and a valve attached, the air pockets can be blown 
off readily. Provide a similar outlet at all low 
spots in order that the pipe may be drained if occa- 
sion requires. 

Two men can lay 1,500 to 2,000 feet of good pipe 
a day. 

If the size of the job warrants it a blacksmith shop 
will save considerable time. Provide it with a 
blacksmith’s outfit, a strong bench vise, a drill press, 

and a supply of various sizes of round and flat iron. 
Use white lead or a mixture of graphite and ma- 

chine oil for connecting pipe line. Machine oil is 
preferable if the pipe is to be taken apart frequently. 
When a split or a leak occurs in the pipe line mark 

it with red lead, so that it will be noticed, and cut 
out the defective section before laying the pipe again. 

Provide a good grade of 1-inch hose for general 
use on the work. 

The following list of tools and supplies are recom- 
mended for repair work on the concrete mixer and 
pipe line: 

Hinge pipe vise and bench (light and movable). 



Pipe cutter, pipe dies, and holder. 
Breast drill, with assortment of bits. 
Cold cutters, cold chisels, and hacksaws. 
Wrenches—monkey, Stillson, Westcotts, open-end, 

etc. 

Hose menders and couplings. 
Pliers and end-cutting nippers. 
Rubber packing, electric tape, and candle wicking. 
Assortment of carriage and machine bolts. 
Extra supply of valves, tees, ells, unions, cou- 

plings, nipples, plugs, and reducers. 
Rolls of 18-gauge wire for bundling cement sacks. 

PEOPLE LIKE, GOOD ROADS. 

Outagamie County, Wis., in 1916 voted a bond 
issue of $700,000 for the construction of a system of 
concrete roads. The issue was not large enough to 
complete the system, but the roads built proved so 
successful in educating the public that the county 
board in 1917 issued additional bonds to the amount 
of $260,000 for highway work, and recently a reso- 
lution was passed by the board for a third issue, of 
$160,000. At the end of this year Outagamie will 
have 75 miles of concrete roads. 

A BIG PROGRAM FOR 1919. 

From March 20 to May 2 contracts were awarded 
by the Pennsylvania State highway department for 
249.11 miles of the State highway system. Bids will 
be opened June 17 for 65 miles, in various parts of 
the State, and contracts will be let for an additional 

150 miles before July 15. This will make a total 
mileage of 464.12 of main State highways con- 
tracted for and on which work will be done this 
year. In addition construction work is under way 
on 137.46 miles for which the contracts were let in 
1917 and 1918, bringing the total length of roads 
completed or under way this year to over 601 miles. 

It is asserted that this work will break all records 

for highway expenditure and length of construction 
planned. The contract price for the 195 miles of 
road for which contracts were let from March 20 to 
May 2 is $7,277,634.68. The roads are 18 feet wide. 

Practically all the roads are concrete, reinforced 
concrete, or bituminous surface. 

TO BUILD PAVED HIGHWAY. 

The board of revenue of Jefferson County, Ala., 

is considering the construction of 20 to 30 miles of 
permanent paved highway this year. The road 
will have a concrete base with brick, asphalt or 
other surface. The county now has about $300,000 
in its road and bridge fund and expects to-receive 
as much more State and Federal aid. The question 
of issuing county bonds to the amount of $5,000,000 
is being considered. 

119883—19——3 
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NEW NEBRASKA ROAD LAWS. 

The 1919 Nebraska Legislature passed several im- 
portant laws relating to highways. The most im- 
portant provides for a system of State highways, to 

include 79 new road sections in addition to 9 pre- 
viously laid out, to be constructed and improved 
with State and Federal funds. The State engineer 
is required by January 1, 1920, to file with each 
county clerk a map showing all the State highways 
within the county. The State highways department 
will build the roads. The counties are required to 
maintain them and to provide markers. Provision 
was made for dividing the State into project dis- 
tricts, with not more than five counties to a district. 

The use of the State highways is prohibited to 

motor vehicles over 74 feet wide or 12 feet high, and 

vehicles with a load limit exceeding 600 pounds for 
each inch width of wheel tire are also barred. A 
truck carrying over 7,000 pounds combined load on 
any, one wheel can not use the highways without 
special permission of the State highways board. 
Advertising signs upon or along the State highways 
are forbidden except by written permission of the 
board and after a fee ranging from 25 cents to $5 is 
paid. 

Motor-license fees were raised. Twenty-five per 
cent of the fees received are set aside for the county 
road dragging fund, the balance deposited with the 
State treasurer to the credit of the State highway 
fund to be expended for road improvement in the 
county from which it is collected. 

A State-aid road fund was created and a tax of 3 
mills levied for the years 1919 and 1920. Appro- 
priations were made from this fund for each of the 
two years to the amount of $1,546,631 to match an 

equal amount of Iederal-aid funds. 
The legislature authorized the publication of the 

Monthly Highway Report, the first number of which 
appeared in May. 

BONDS FOR HICHWAY. 
Sussex County, Del., will issue bonds to the amount 

of $500,000 to construct a concrete road across the 

county from Lewes and Rehoboth Beach to the 
Maryland line. 

GOOD ROADS IN ALABAMA. 

According to the records in the office of State 
Highway Commissioner Keller, of Alabama, nearly 
every county in the State has taken advantage of 
State aid in the building of roads, and a rapidly 
increasing number have taken up the Federal-aid 
proposition. Only one county has not yet taken 
up State or Federal aid. <A large amount of road 
work is under way or planned in Alabama, and the 
year will see a large mileage added to the improved 
highways of the State. 



18 

11,326 MILES OF FEDERAL-AID 
ROADS IN APPROVED PROJECTS 

new Federal-aid projects approved, in the num- 
ber of project agreements executed, and in the 

estimated cost of the projects and the amount of 
Federal aid asked and allowed. In 123 new project 
statements approved and in revision of two pre- 

iP MAY new records were made in the number of 

viously approved the Federal aid asked amounts to 
$6,428,418.79 for roads estimated to cost $15,203,- 
873.06, and which will have a mileage of 762.943. 
Agreements were executed for 81 projects and modifi- 
cations made in 21 projects previously executed. 
The aggregate length of the roads embraced in these 
agreements is 670.342 miles and the estimated cost 
$6,400,912.05. Total Federal aid allowed is 
$3,907,232.66. 

The figures for both statements approved and 
agreements signed during the month show 226 
projects with a mileage of 1,433.342, an estimated 
road cost of $23,604,785.11. The total Federal aid 
involved amounts to $10,335,651.45. 

Since the Federal-aid law was passed, 1,186 
projects for 11,326.356 miles of road have been ap- 
proved. The estimated cost of these projects is 
$108,059,783.40, and they call for Federal aid to the 
amount of $42,929,483.83. The total number of 
agreements executed up to June 1 was 617 for 
5,286.125 miles of road, with a total Federal-aid 
allowance of $19,521,162.27, and ‘an estimated cost 
of roads of $47,425,729.28. 

The estimated cost of roads in the applications for 
Federal aid received in May is $19,192,135.05, almost 
one-sixth of that of all the applications since the 
first one was received under the ee, 

In the number of project statements approved 
during May, Georgia and Ohio were the leading 
States, the former with 17 and the latter with 16 
projects. In the amount of Federal aid involved 
Ohio led, with a total of $884,800, and Pennsylvania 

followed, with requests for a total of $822,871.60 for 
6 projects. These States were also leaders in the 
estimated cost of the roads, the figures bein 
$2,881,479.388 and $2,135,861.05. The Ohio cost is 
for 77.93 miles of road and Pennsylvania’s for 40.87 
miles. Nebraska’s projects have the greatest aggre- 
gate mileage, 104.55, with the total for Georgia, 
103.20, almost as great. | 

In five States the estimated cost of the projects 
approved amounts to more than $1,000,000. In 
additidn to Ohio and Pennsylvania they are Mary- 
land, California, and Washington, while the Georgia 
amount is above $900,000. These six States repre- 
sent the East, the Middle West, the South, and the 
Pacific coast, indicating the country-wide movement 
of the road-building program. 

The average cost of the Pennsylvania roads in- 
cluded in the projects approved is $52,260 a mile. 
On one project the average will be $59,323. One 
Ohio project will average about $58,560 a mile. 

The largest project approved during the month, in 
cost and Federal aid involved, is for 11.6 miles of 
bituminous and concrete road in Luzerne County, 
Pa., the estimated cost of which is $618,124, for 
which $232,000 of Federal aid is requested. Another 
Pennsylvania project, 7.6 miles of concrete in Berks 
and Schuylkill Counties, will: cost $426,750, and an 
allowance for it of $157,471.60 is asked. A 25-mile 
earth road in Mendocino County, Calif., is estimated 
to cost $387,805, with Federal aid of $193,902.50. 

In the agreements executed during the month Fed- 
eral‘aid to the amount of $1,192,386.26 was allowed 
to 11 Pennsylvania projects, estimated to cost 
$2,770,550.43. They represent 61.16 miles of high- 
way. New Jersey and Nebraska are second and 
third in amount of Federal aid allowed, $256,666.28 
and $249,419.59, respectively, for roads estimated 
to cost $570,369.53 and $502,839.20. 

RECORD OF FEDERAL-AID PROJECTS IN MAY, 1919. 

Proj- | . Project | Project 

State. ect County. fd Spee Type of construction. Ho eat pets Estimated cost.| Federal aid. 

al proved. | signed. 

AAADAM) dees ons ee aes 22\) Col bertscatcees scans aoeeee eee 0.69 | Gravel, bituminous surface treat- |........-- May 27 $10, 511. 87 $5, 255. 93 
ment, or chert or slag macadam, 

“ bituminous surface treatment. 
37 | JACKSON. 5 act aodewesisieis tos gee. ee bce meveeell aes 2 a. oe ASIST ete a eee en en eee 1 478.13 1639.07 
B38 if Lawrencess:.teewoce eee seee TiOOr | KOTAVOL-.goe ave cee team eceens ceca 49,779.77 24, 889. 88 
41 | Pik@seoejs sce oath ee nena 6.89") Sand-claye.s.ceeeeseeente ee eee cee 30, 946.35 15,473.17 
43 \Cowineton tus neers eee AN DaAS. Sa. GO vnstet te eaten eee nari ae 33, 440.00 16, 720.00 
AG} JACKSON: seers see che cece 6:00, | Macadam Yea ee aie mers 28, 589. 13 14, 204. 56 
47 Bitlens yee soe eee SPST emiean d-Clay seas eee ee mene 26, 438.78 13, 219.39 
48) Barbour. s:2g2e eae eee S66 up eer GOs ashe eee ee 41, 583,30 20, 791.65 

ATIZONA See ew eleds ale Soe 8 | Maricopa... 6.84 | Concrete or bituminous.......-... 207, 888.12 103, 944.06 
California.......- coe ee 14 | Mendocino 25.00. |; Harth ss 1.40. so ustetan ed cecen rere 387, 805.00 193, 902. 50 

15 | Monterey. . 1.03 | Bridge and concrete............-.. 304, 062.00 152, 031.00 
16 | Humboldt. . 2580.4): Barthe. os sas S35 aes cee eter ate 43, 073.25 21, 536.62 
17 | Del Norte... TAU ho Pa a0e Bi eee seen eee ere see 241, 802.00 120, 901.00 
18 | Humboldt. . 19420) Concretec masta. amen onesie tice 142, 883. 40 71, 441.70 

Colorado.<fesE2eth ess 9 1) Larimer. sees ee coe LOsOL4e Marth .. 25. Seas aaeees castes 89, 924.95 44,962.47 
Connecticut. ~. o...55-<- 3] New. Londonneeseseoeneee sees 7.83 | Bituminous macadam............. 256, 145. 23 128, 072.61 

5 | sPairfield ) S20. one 22. sie Fe LLALSBaiSBitnmMinouss see eee eee eee 315, 810.00 157, 905. 00 
HlOViGas conse saceweace 13°) Oranges: see deene see eeeeee 8.674l-Concrates 4: ycneeeren one eee aaee 153,370. 80 | 76, 685. 40 

14°) SantacRosasssugses Sseee toceee 6.9230) “Brick oriconcretess.. 22. ence eee. 166, 408. 66 83, 204.33 
| 157) UD 6 SOLOS acmee eee eee 31.26%) \Conctetes... 2au Jae oe aa eee 54, 570. 67 20, 000. 00 

: 16°) eee do. J ARERR SS: NOTRE Fe ido odes, Se chee oe eee 11, 798. 80 5, 899. 40 
GOON EIA aisins cisterns aieiors © 14 \ Woy Ge. See see eetas wee eee 7 Ad4 ||P ODROL os ns sa ery tee ay 28, 524.39 14, 000. 00 

17) Harriss, Saree eee ee B Se 19.95 | Earth, surfaced with topsoilin part. 107, 725.98 53, 500. 00 
24 |, Cherokees 2 scepterscctssaeere 2'2/05 “| Gravel-and topsoil 5: esec eee ee aeel sees May 2 212,137.55 27,700.00 
35); Wihitfleld 2 aeee ae ae 5280. }Gravel ls. eee oF 55) ee SEE May 2a oeee 272 oe 54, 188. 67 27, 094,33 
5b. Walker. esc estes eeeeete 23°30. Veo euO0s 8. .pie terete esas eee May: A7 lee veces ss 144, 762.13 72,381.06 
56 | \Gwinnett 15262 ee ee Af SO ty pSand-clay’t20 22525. hee ae oe Ses May i267) )..52..25- 60, 759. 27 30, 379. 63 
5D) | SACKSOI, surest atom eee AYOO% 2255 Qh oft a ton, Ge tees Fe eee May 5 ue Gee 21, 769. 00 10, 884. 50 

1 Modified agreement. 
2 Modified agreement. 

Estimated cost and Federal-aid allowance reduced from original figures by the amounts given. 
Mileage or amounts given are increases over the original figures. \ 
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RECORD OF FEDERAL-AID PROJECTS IN MAY, 1919—Continued. 

Proj- Lene eh ak Project 
6. t County. jveng , j state- | agree- State Ne. unty in miles. Type of construction. ment ap-| ment 

proved. | signed. 

CMa WeBBRaascer acre COe pte DRENS -o eee a= ieee ean TGQ WSand-Clayeess. sete... cae etc May sil; seu. 
GING OW llkesai i atee se stlae see ee wos 2. LOA |FOONCTOLO ts tos oben sic dehen Scene May 16 
O25 |2- <3 GOS eee meciin es vitae sane OURS Tee CO ee see heats oS ae seet May 
| ee DO Ssee ee ce vase tacecsacee eel OOO meee MO woe ohn hee oe ante beas ne ere May 
DAS EGLYy On” ona paceeven osteo a Brick or concrete May 
Gon NGO 2c sees sea teoe ce avctetieee Gravel Ae Eee We ce Se ose te te tees do 
66 | McDuffie... Sand-clay May 
67) Green’)... 2 bridges and approaches.......... May 
69 | Franklin Sanidscla Veseeemet tacn che cs~ eases May 
CO) MORSA TL Fee eee fet cc ctsicccie.s Goncreteee sees ete sn oeale do 
7 GATOOSE Steer Be ae araichras= Gravaleee ater Nats May 
Akal el DOr tal eee meee tie ae ciaerons Sundiala yaw wees feos ete eee May 

: 73 | Richmond Concrete bridge and approaches. ..}__. do 
inhGece ee eee see =: L1Gs) lin ores cheeore Sten jc eee Gra valet cee cae c eee RR May 
LES ee eee ae Sil) Dech tit. 26. aastt oe ate cence iGradedicarthsiets- so 05 5 cases eee j 

20 Pr Monroe Resasethaes ce eee ee Sar thivetee: saeee sccm een ce oo ees oe 
Watens dey... sek cess 4 | Shawnee Contretetss een sh eteek shes ae neler teas cee 

LW COU WICK. eit cite atten) otc aocetey cco tns OMe eee: veces caret cae ements EEO OT ease 
L7-ail" Geary. Aosta eee, ae Bick Aipae i. hia. atte sue e on Slee mee ee enero eee 
25A | Wyandotte Concretel Sse nits Sle wets ooo sont seen eee 
26 ICO ee Beara wae ae tae sa Brickior Gopcrete 2. cons sstec a2 May 

PMORUOCE Vise. So seans se 3 | GROWal-pese ose Graded and drained earth.........].........- 
Mouisiand +5. 22st ee 25 | Ouachita Graveliel ¢.25. 4. ote entree eee 

29 | Franklin OF 4 Tae eens GOs | eee oie eanis aa coon eee aeieeeee 
Maryland 20s 22-55. s0528 SAN Malboteecscevccecee -aesaee a 3. Concrete: ai SB eee eee cece |e wee nes 

IZA MyederiGks see emene eco See. 2. 00 fal soak GOs ene Seka s a eet meamteeten nce bjaamen re 
1509 | Baltimore:t ee seceas sacs eee ayer th wl Rae GOR ae oe ae eos eS 
Livi arford 22a: cece cteasoee eee S50 eee Gone 2 Oa a he eee eres 
LSP. \nC eciiie. Se reo Geseee aca cence 2 O8 seas GOstee es peat ster e eae 
20 4 \eD orchester 2s. cseee cones ss Ze Loge eee GOs SPE Be cee eke saseee 
ZRH CATOMNO® acoecce eee eee es Be LO erece CO See ee re eTnT 
26%|) Baltimores4-eaees sacee isis’ 4 come leeae. GO ioe eos cmcne wnentaai ean. 
21a ee DOSS eee cascae teers see 7930. | 502 Oe ee oh ee ree sees 
20. WHEW OFCeSter a: cs ancateeseniec se 4250 a. leae Cs Le Pee EN aes et ee a aa 8 Ie 
UM Beene WMO se sseeactee cant sas meieaiens SOU a aces COs so ena aeons ainate aieia ioe 

Massachusetts.......--- Ae PL SSOXe cane see ciace eee ae Bituminous macadam 
3 Bile WiOLCestelapmenmaeuteemmcecenc| Wet BOT eOLO) IER ae OTE Sees ae eee eres Steet eee 

li | Middlesex Bituminous 
LOD EB TistGkad see ae nceeers aes a Concrete@rtasace seneawcancsmews cts 
208 | Middlesexteemease see ocincs ais Bituminous 

Michigan=-...2<t-- 0 s-<2 SPA leon Sseeececsee eae aaes = Bituminons Macadam: 222 sec aececs|ocen cee cs. 
9B} Washtenaw Conceotetor DTCkets.pacemenecosseeleecoeentes 
IGBieeee CO eit eaters okie cat ee Concrete, asphaltic concrete, or |..........]..- 

brick. 
ARO ATIVOZ OO: Seciee cie eiscicinials wae iil Ulaieere weinlels ee Concrete@ueesssscstsce-ososcacitece censuses 
ZA MaRS OUTIGH eleetcicts alstetee et eine seein Macadam, surface treated ......-.-|.........- 
25 | Delta and Schooleraft........ Sel 23a ee COME Been Sale ee oe etiek ania ue Dace 

Minnesofar.-.<. 222.2265 AGUA Okeke oa see ee eee sese se 0. Orushedirock ween scstie setae eae ao ee eee 
23 | Dakota....---.---------+---- 6. Concrete, brick, or asphalt... ..... May 
ZOPDET OG GINS che wee as =m ate wintalaisin =i = 4. ee Ss econ ts oe Sein ores = May 
ee) OU Seer aie ea aferaele o teteteteiateiadl ex elsla'a oe sieit’=| Vat = SOLO Mata eine divteieia= a [a/=,/)ntainivin nro gie\ cro s'eiae sie 2 
44 | Sherburne.. Asphalt brick, or concrete. ....... May 

Mississippic-—-2-seectee Ole | ERATIINS Jets = Gravel 
ips (Sta bate hy SO Se CES se aOR aHCoel te Sade: Aa RE aay do 
GOMMENV ALUNGIL sonar cee ameo eee to. coul I oon do 

MNSSOULIO ss sion atic te DISA Callaway. - ss 0-2 on-line ais jeivine Oe s-'=sla ae do. 
TS ACKSONS seeders sae eae ane Bituminous 

IMGULANASs 26 siaat-eaten sat Set CAPDON screiye =laatee aiviemi= = clmcinn ane 
Dea Big LOM Sin wees ere eee yw ona ccs 8 
Gulp awsontene ceceeote see esse Gray el andi shalesurtaces.sgssccns|occes seen May 5 
(on | BA ore do cute eS OR eae sense facie Gre AE Be NET heel a 

SOE Pino tePrercet eae 2 | Richardson, Omaha, Otoe....|.....--.-..- 1 mile gravel, rest earth’. -.....-..-|,...-.---. ay 
ae 12 | Logan..-... Si AMR iro Soot ae eg Graded and drained earth.-..2....|222.2..2.. May 22 

Ol MIESHOrid an ete. eases soe ee </- eee 14.83 | Gravel + 
23 | Burt and Washington...-..-.-- 500 ee | ESAT Gil eee © ase stale aleleia' > ee iel-i-= wine 
25 | Gage and Jefferson..-.....-..- AS eg teal es mses do 
26 | Chase and Hays....-..--..--- 16; OOM ae ae do 
280 Cass and © t00s. eerie ste ciete= OaLO wheat do 
20 BUT IOR seas cote ne siaeiatele eine SiLOT tees do 
SS MIPE TOT Cleese aeriae sede mean PAK Noo do 
SO MID awsOllesene teeta. sce en eee Pane I cee do. 
Chk, ADH ha Sasa cecncrereasodte 13. O0R eee a. do 
AD NOLO. save aaetarcsrce => 8.25 | Sand-clay 
60 | Halland Howard.......-..-- 20,20 3) | Hatt Rees. cee pvaisledeacsaucesccescea 

INO VARH oceans oa ceet es OTNMWASHOCl eee sone feasts ciam ce 5.42: | Concrete or bituminous 
7A ee GOMape anne. eeceieet ales 1.00 | Concrete 
22 | Hureka:... 2: $1 Shae ete 4 a arene) WO ete Pics eas se setae ral a ROE SSA 

shire........ 21 | Cheshire and Coos-.........-.- 8200 Vegeee Oe Sais aieleie os sia eieininieciaeis BYo Oaleteweedass 
po ae QR MFT sSPOTOUSH ses eer =ee ee eea 2.09 | Gravel or macadam..............- May; .26)5.-¥2ie- 

‘ 27 | Grafton and Hillsborough. ... ToL oi ees eee ares Phe e cikie oe orion eins> wale Sore doscy-lareseaa. 2 
S855 Hilishoroug hitecn ee sos nea 5= bee ee Se ee ctacaatsateccis ara, claiaye May 29 ea 

a Re Wot © 5 | Atlantic . 87: OMGUCUG ee see wears s.« sels osssmsia efter wiaioeis |) LAY: New Jersey el ek onde 5. 867 do AG Gea oe 
8 | Cape May.. 2 : 

1h kegs Si G0 Ree eee aes 3. 
11 | Atlantic 4.4 do May 

New Mexico........-.-- 4 | Valencia 20.62 dea seed surfaced where |.......--. May 13 
neede' 

NOM Laine. &. dese sees obese LORZHOMIRGTAVCLAEL 5 c-tia skies cs cicieciss-cisias-iaiche Ma Via 2inibae ene ote 
New York.....---.----- SUM GWiaytessan. oe ereeee rates a eee Bituminous macadam or concrete.-|........-- May 5 

Do, Wha oNwovel' 12) sae © ee ie One eee A DOA Bituminous: on estas tein caiaretsnars,- May, oO esses 
F SANE oriclitel sc. cts. coe eae selene 2.26 SCORER Daseabe tec scccn ce doses s Mayy7 12s) sssaeeecs 

25 | Madison and Oneida....-...-. B70 yo) Concretetsr a ei Retr ae ctdout eat. Seve: 
26 TOU wee aes GO maces tee ad eee eee es bP dOs Kaede see ats 

; OO MW erom ing. Aes as cite lee Ce OO See. GOPRE cece ease es Seales ~sdOz t= 2 Sane Ht 
ing 1 fee AMI tlicaa rete ee ees ca eee lls uae PLO hs. eee een cae cte tone evans oe cn daieln| cach au eon ay 

gst os 24 WONCTOLA ere te see cee eee os|Sadesce.s 5s | May 5 
33 F EO DSOLIAAE Ne eee ris mfan ttc siosmeen tse sangs eas May 6 
35 ‘ Conereten® ssp tae ied eee ee asic oa eam May 12 
42 Sand-clay or gravel.......-..--.--- May 29 |eaeeaes sie 
43 | Beaufort......-.---.--------- 2.20 | Concrete May 26 | 
44 | Granville... ..---------------- 4. Spey ee 

roth ase toreee SQ IRG@ASS oe: Gee cienie ie ssies- ss i5.- . 2 bridges 
North Dakota. BFUPUR Ot NOATS cae csceet oe fete T0100 PieGravel \o5t soa eee ce 

1 Modified agreement. Mileage or amounts given are increases over the original figures. 

Estimated cost.| Federal aid. 

$51, 218. 64 $25, 000. 00 
58, 167. 67 29, 083. 83 
16, 587.12 8, 293.56 
15, 869.37 7, 934.68 

108, 820. 80 54, 410. 40 
32, 418. 98 15,000. 00 
11,073.96 5, 536.98 
63, 176. 48 31, 588. 24 
55, 633.16 27, 816. 58 

106, 843.18 53,421.59 
45, 499. 81 22,749.90 
51, 154. 71 25,577.35 
12,584.00 6, 292. 00 

262, 823.00 131, 411.50 
60, 320.90 30, 000. 00 
48, 639.07 24, 000. 00 

Bt ie ene meres 137, 400. 82 
ae peqaTte heer 1 35,7 776.99 
Wee Soran « be 14,320.50 

89, 134.58 37,500. 00 
337, 720.90 109, 650.00 
73,775, 88 36, 887. 94 
14,271.00 19,484. 07 
101, 635, 93 50, 000. 00 
100, 085. 70 50, 042. 85 
59, 008. 40 29, 504, 20 

196, 812. 00 98, 406. 00 
142, 890. 00 71, 445. 00 
80, 506. 25 40, 253, 12 
65, 976. 60 32, » 988. 30 

214, 445. 00 103° 200, 00 
233,750. 00 116, 875. 00 
73,975. 00 18/600. 00 

176, 000. 00 88, 000. 00 
169, 400. 00 84, 700. 00 

dae boa bie, dae sea 12,210. 22 
180, 638. 09 90, 319, 04 
158, 212. 45 79,106, 22 
83, 442.15 41,721.07 
77, 505. 45 38, 752. 72 

en eee es 19, 199. 56 
7,715. 40 2, 480. 00 

23, 777. 16 7, 460. 00 

124,488. 81 115,999. 08 
1 36, 588. 66 114,719. 41 
140, 522. 14 70, 261. 07 
256, 193. 95 128, 096, 97 
260, 000. 00 100, 090, 00 
30, 537. 69 10, 000, 00 
1 4,730. 62 1 22,781. 96 
136, 688. 03 68, 344. OL 
53,482, 94 26, 741. 47 
30, 950. 38 15, 000. 00 
53, 754. 50 26, 000. 00 
19, 088. 60 14,544, 30 
89, 809. 41 44,904. 70 
17, 550. 77 8,775. 38 
12, 532. 46 6, 266. 23 
21, 939. 66 10, 969. 83 
21, 367. 83 10,683. 91 

160,032. 50 130, 016. 25 
16, 168. 68 1 3, 084, 34 
71, 763. 12 35, 881. 56 

107, 792. 65 53, 896. 32 
72, 839. 89 36, 419, 94 

~ 51, 480. 00 25, 740. 00 
71, 269. 00 35, 634, 50 

112, 973. 36 54, 486. 68 
29) 480. 00 14, 740. 00 
48, 840. 00 24, 420. 00 
40, 480. 00 20, 240. 00 
45,804, 00 22, 902. 00 
56, 980. 00 28, 490. 00 

161, 269. 74 80, 634. 87 
12, 958.30 20, 000. 00 
89, 900. 53 44, 950. 26 
15, 413. 86 7, 706. 93 
29,984. 46 14, 992. 23 
30, 000. 00 15,000.00 
14,194, 29 7,097.14 

146, 091.00 65, 740. 95 
222,382.85 100, 072. 28 
74, 211.74 33,395. 28 

127, 683.94 57, 457.77 
183, 864,59 88, 360.00 
74, 268. 74 37, 134,37 

60, 236.00 30, 118.00 
1 41,990.00 1 20, 995.00 
105, 000. 00 52, 500. 00 
56, 500. 00 28, 250.00 

151, 470, 00 75, 735.00 
106° 300.00 53, 150, 00 
243), 900. 00 121, 950.00 
101, 386.08 25, 000.00 
1 62, 029.55 139, 894.77 
22,222. 40 5, 000. 00 
60, 335, 87 26, 400.00 
62,392. 00 16, 700.00 
79, 651.11 39, $25.00 
31,362.10 15, 500.00 
41, 250.77 20, 625.33 
23, 850. 75 11, 925.37 
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RECORD OF FEDERAL-AID PROJECTS IN MAY, 1919—Continued. 

Estimated cost. Federal aid. 

Pro} Project | Project 
ro)- ; : ' state- agree- 

State. ect County. oe Type of construction, erage iso 
No. proved. | signed, 

CRATE ieee ob ae ere Bl UB Oc ee eee a ie 2 eI face eit rs SUG concrete or brick mono- |___.___... May 8 
ae Cat a a ithie. 

QBN Stark- G65. 6350. Useceremeee 4°93. Brick 4. Go. ee otis seer eel ire kee May 31 
DoE none 6 oo eh PSR ee eee SpA Re eelae GO eRe a noes See cremate set rote et ee ..do. 
350i Portage) a. : aceee hoc eee eer S746) Macad amis sere eras eee er eee May 624 yl secre eet 
AQ et Medina "ooo emer see eee 4.73 | Bituminous or conerete!-.-..--2)- Mayas 6 cljece sere 
AV oa Erm DULL eee ee eee tear 9.897 | Macadam or concrete.....-- Bike ais Maye24) eae comes 
A? tl Sonaca iio.) weeee. 5 oe eee 4.28 »| Bituminous, concrete, or brick--.-|_. do... .\2--2222=e- 
ABs WOULAW.8. ot 2 ae ee peer Tol aes Concrete eet etre amea ee eree rea ee Maya 201 fee sees 
44 orain.. 22a =e See eee 257001) Brickzon concreters: messes e eters. Wwe Tbe cboosacce 
AD ere 6 Co RE 5 nt Sok ere ot. 191 sl SConcretest: to ts seas sece tee ee eeeee = May: 161 28S eer: 
4910 MOtean. ce eee eee sree eneere 322000 nace dain ber mee teee eee eee WES Pt) ioe seus 
Bl (ieSandusky «cscs. cpa e eee be Ones Brickson bituminouSiee: a-eeseee ee Maya 100 Beene ot 
2) th EUrons 4 oh See ee See eeac 1:28; Brick Seeger on eercccr ecco eee Maly: 2245| sueeoret, 
55H PMigmie 02. vez. cece eee eeeeet BEG) | | (OUR sega. cso ooceandacoss55 5s Mays el 9 | eer 
DCon SielDYi2 er ery eran = eee 04am esters GIO: G6, 36 cp ohana sntmec aaa aads Mayae24a| Sear 
iste lek ae GOs Bs wep epee eee eetionas SAO 2 Sale ee Oa ete ta ene ste eee eae Oi ates eee 
60°34) (Holmes 22 22 5 pase see ae LO; 00) Macadam Spe emascenoceecne sence Wi GOle cc lteee ee 
65) 1 Wancock of. cease meee eee 6.04 | Brick, asphalt, or concrete......-. Maya193|nace nee 
804 Washing tone: oase seeee eae ByO26 Ui CONCK ete ieee eee ei Maye 020) |(eeeeiee et 

Oklahoma -.. 2.22-uen. 9 )) Le Plore.2e. Meas cocsese le aoe eerie ee Bridcegeki ce kta cee: ee kee cee Ma youl 9 jlo: ee eee 
10) 3) 4a GOT s)ooc Web ae abe ee il Sore eee eee SDMA LESGr a ne seek seers een nee Maye 2Gal Gamer te 
ine McClain and Pottawatomie ri 7 

Oregori: . 52S e bt ieet 10> Bake; (use eee eee Sus 
1254) Wambhill yea oe poe aera 2: 
§ Pol KAM ee ae aie eer ee eis 

19.) 4) Marion ..2.20%. soe wee ee etre 4. 
Pennsylvania........... 130 y ATMS (rong se eee seer eerie ce 4, 

; 20A| Adams, Cumberland, York... 5. 
21 Lehigh. Jats DOSES Mesias 6. 64 
22) HW OMOnr0e2). Soc sibs Mic tmcoeeree se 4, 
23 Greene: Jee Seeeete cee 6. 
24 Ale Warren Oe. neste. seseeeeeere Os 
25 | Adams and Franklin......... 5. 
26 eo Oe ae As ones 5. 
2) MA llegheny = oaa.sas2<ceeeenee 8. 
28) i} aMerGere te ton. sko2 haere eee 4253 2n|-Conerete fe eaters ates nee atc 2y- | Meee nS May 9 
29 NN APIKOKI Jac cueke a poe eer 52002) |eBitumMinous;CONCLetessse—s-52=-o |eeres eedouwe: 
30 FB radiordaeee ee sea see ees (6200.3 Concretes? a Me a ee wesea ciate sana meer ae May 12 
31 4i| Centers owes ey sae ce ee 6.10 | |sBituminous and brick sees se. === Mayan} Pee sen 
32, 1 aChesS Gers arene meee mee eae Sas A-NO@ WeCOneCneteraocsece. oases eeeeerioes Mayan l5s|ceeeee sees 
33.0 MLUZernes. ae are ee eee eee 11.60 | Bituminous and concrete...-....--- seed ous Hea Re AS EE 
34 | Berks and Schuylkill......... TASIY | MOOVEORS I jab aco booae cbeegsacaoose May ei6)|eceece eee 
30: “hl, Tioga wees. semen e feciseriamite ASB eee Glace dae eboaaanadouoadeactes May. g125|temeectte es 

Rhode Island.--......2%: 3 Ul SWashingtones. gaaceces scene ea see ees Bituminous Macadam ase ee see | ee May 21 
South Carolina........-. 8. 1) (Bam bersrecae ss ewes wees ese ee eee SandysclaysSuscaseseetes ase cae eee ee May 31 

17 i @alhounee acest cee ee eee 322 Pal ODTEC POS ce ect erica ccs saat | ean May 10 
240 Sparvanbure seats eee 190 eleASphaltzre. Vere ees. see semececee Mayid9 alesse te 

TDGXAS Rete wae atone tee 17a|) Masonia ee seen ee 24e Si eoand-clay andl oravele: os sees <= olen May 23 
284i Morris: cnsaenser teres 10-70 AlkSand=clay aioe ae ee reece 2 Cer ay 22 
364) Caldwellete se 8-2 Ihr aes as V5s67 chy GLE VEl ole Set oe oie cc.ccoreare ore Sere eer en rere | ee do..... 
39 2.| (Dallasteete wae beets ee 901253 SC Ooncrete se 4. tee escent eee aes Maye 123)}elocesae 
62.2) Moardte 7283 erage ose ee 1455640) Gravelandisand-clayers sess +a =| eee May 22 
63: |): Wanmninee tie eeeaee eer en oe Veli, Ce ey ae Sek eRe eis aae echstette es |e cee Rete May 31 
75 \| Hallsteas.2 oso c eee uuercetou es TeghO: V5) Sav LOO see crameme eet ale Oa ae Noeert se S| eee tee ena May 22 
78:3) WBTeeStONE eee ose ee eee 17.22 | Grav ib and sand-clayavctisees cans < | eee eee dole - 
80)4) Harris Sues ee Sete ee 9. 269 | Concrete and macadam..........-. Mayo2? toseeemece 
S17 | (Hreestonepeess sa sasee eo sees 2.79 | Gravel or macadam............... Maye 23ul noareea se 

LONE 2 2 PioOoup eras ese SE UE pak sodcon gcc onsnsaod oe GHYES || (COMMER. scacdscadusscbncsesccooae May (20: 28.5: 2855. 
Warginia et fe. jot cies 20) | Southampton... .2. 222.2 22222- 853159) iGra vel wise ee Mee toe tes ee eee Sen ea ae May 29 

23, ic harles: OiGyaeae crys e ces AVA eemee CLO orto 2 De crore reer | ae May 13 
30 | Roanoke 2520s WMACR ANTS fichier cieatete-s aie See ice 31] eee eee May 29 
33 | Nelson PERS WS ee Oa: Sats iopinis-o eee ate eae te | ene ame May 13 

Mashing ton. bericc 17. | Whatcomb 3.00 mals CODCECLES seer mete a tee er eerie Maya 12, Seer: 
18 | Skagit 5.574 .Gravielteok. catecdteeetes seco a Seem LO a See ee 
19 | Jefferson SEO see ere Oso Sas bre ee ae Melee cena eee Mido. eee: 
20 | Spokane 7.80 | Gravel or macadam..............- Mayr 27 il Meseeeee 
21 A) Grantee joins en eeee ee cee ASSO Uhl Cee et GO. o ccbe saatee eae te ceaee oe oC OME e | Cates wage F 
221A) 1S POKANC race e noe eee eee 4.509 Conerete 28 sS:bete os eeiioeeeeee ae ed Oven ae| soe eee 
283 hoses OL... ane oe eee sense yey Shape (0 Ce ee eM in See heey eee May 261|332852-be 
A al CLINGS she Sparcac ee ene ee ee Dee ae GOs25i5.-b othe ete tease see IME PANY ee cecedac 
25 A DUS COO sen ee eee mee OO Palen eae GLO: su AS teh Raee ceet eerenoee re Coen bts, Haase 
26eaGrays) Harboneeee nsseeeeees 3.7 eee GOS ee Se eee eee 

Wrest Virginia s.23..<~.5 20) 4 .Doddrid gett aasre tesa tecne Oa eee One Fe tee eases eee ceaker 
22 A MELAnCOCKAS. aeecine cee eeee eee 1.05 | Brick on concrete base 
3th Is ane Wie Soe eee TE ee eae ee eee eee Asphaltic concrete =... - ce. -eeee 
Qh sino ste ee See eee eerie 4/50) S| COncretes ef Sao seer cee esse eeeee 
27 Al Bl DOULEIE eee ee eae ees Sl 4 sue Macadant. Al Seetmersce teeerer tess 
28halsylere ee ae ose its oe a eee ere whOnpeConcreter vas: emer eaters cccne se 
Sioa Marion se eee eee eee eee nO Dalbee ee GO ls: SoA a ete eee ee 
Sn a VelLez cane. Beer ose ee mee erie GlOOPIMETUOTINOUG ames ee eee eee 
40;4 Raleigh ais 2) Stoke ened 24s aan ee GOS ROR Taw Rec ccaeen = veces 
EB aaa. (CORA cee eres ene AS Oa eeate GO FE eeoeae taste cesses 
44-1 @Mereeieet. 55. csa cease aoe ee 6.00 pale Macadam Stetee me mecms sre cecran| iar 

WSCOMSIN sae ee se eee SLY Daylorsere nec: cates eee 2 Sab 2 ct Marth eee. eee Gere severe ec eee May27a| ss eeen eae. 
42> teROCK ccoe ae labaeceseeet eee. D2) 89. ile CONCTCTCS sea Meee eye eee Cee nc See | See eee May: 22 
AG Iai alishtara teense ate ee LOSI SHORE arte seeee | See Sees cee cette ae tGOses 42 
49°) Waupaces:s..2.sec2e2 Sere nser 9.54 >)) Earth; surfaced in partes. .-+-.-e.<\ssameece se tedOnssse 
oly Colum bia st waemcsencerer see 5.05. | Gravel or macadam..-............- May 31 |). sven. 
5354) ev ilasiand arontemact eo ometemeee 13.51 | Earth and gravel 
65, 4 Walnnepagozeseaens. seen ee 20) I BCONCTetGaE)- =. serene 
68 OOd 7 ae Serv sei este os ee 4.63 Gravell.2.2eseeeuee 
72 Deine and Jefferson...-..:... Bei abo GOZS6 tee Wasa oe cee ce ae CeCe See eee 
78% 3] HOrestesthee eos tee es tee ne 2 AAT Ble ea DO cL este aetes cee cee ses | eee eee 
76 {|\Pricel ee tapes Seok eee nee 6.06 | Gravel and earth 
81" || Lrempealeautsee. See cee ne ee OA UCT ENOL. eects Ceres ee teen eee nt eee 
82° 1 Wernoiics eben. eee eee See 296015 BiLUNOUS: ssa cen soem eee ne meee 

; O1 ) 1) EC USk a ae he cea kr a 6.80 “ay artis Aas 0s Sey eer Soe ed 
Wiyomling 2). tsaccee. se. 20. deSheridan so = waren ae ean er | Erm aaa ee Concrete or asphaltic 

36) Albany: iaece sees eeere ee ner 152 00m Natural gravelaest secs tee ceaee es 

Oval 2: Sie. cat. D227 | || o:siee nid she's Sis Me oe eee Te eee 1, Add. 352.) > at steele sae OREN Ries a ciciec at cet pel a cee eee Meee ee eee 

1 $12, 830.00 1 $3.00 

240, 000. 00 81, 580.00 
162, 000.00 54, 220.00 
245, 200. 00 84, 600. 00 
153, 000.00 75, 000. 00 
348, 000. 00 80,000. 00 
179,000. 00 42) 800.00 
238, 000. 00 71, 500.00 
133, 000. 00 50, 000. 00 
49, 500. 00 6,500.00 
82, 000.00 41, 000. 00 

337, 000. 00 86, 400. 00 
51,000.00 17,000.00 

106, 000. 00 20, 000. 00 
96,, 000. 00 35, 000. 00 

106..000.00 | _. 35,000.00 
414,079.38 | 100,000.00 
243, 600. 00 90, 000. 00 
100, 000. 00 50, 000. 00 
38, 500. 00 19, 250. 00 

129, 536.00 64, 768. 00 
200, 000. 00 100, 000. 00 
91, 258.36 38, 129.18 
39, 936.95 14) 993. 47 

2171,963.00 | 2.93, 548.00 
99, 895. 11 49, 947.55 

216, 792. 29 82,000. 00 
225, 348, 47 104, 200. 00 
264, 111. 85 132, 055, 92 
155,790. 14 77, 895. 07 
358, 039. 05 129, 800. 00 
224,104. 38 101, 800. 00 
205, 181. 20 102, 590. 60 
274, 093. 60 112, 400. 00 
487, 638. 08 164, 400. 00 
170, 280. 04 85,140. 02 
219, 809. 31 109, 904. 65 
327, 401. 07 120, 000. 00 
291, 060. 00 122, 000. 00 
181, 720. 00 82, 000. 00 
618, 134. 00 232, 000. 00 
426, 758. 00 157, 471. 60 
260, 150. 00 99, 600. 00 

ARR Nie 18,443, 00 
19, 101. 40 16,740. 75 
18, 423. 51 9,211.75 
55, 192. 50 27, 596. 25 
42, 384. 97 20, 000. 00 
64, 342. 83 32,171.41 

127, 680. 65 35, 000. 00 
365, 469. 20 58, 000. 00 
32, 379. 34 14,616. 89 
54, 863. 88 26, 357. 07 
11, 957. 64 5, 978. 82 
57, 044. 52 28, 522. 26 
91, 283. 26 25, 000. 00 
40,421. 58 20, 000. 00 

194, 784, 93 97, 392. 46 
183, 140. 54 91, 570. 27 
18, 824. 30 9, 412.15 
33, 634. 15 16, 817. 07 
34, 936. 00 17, 468. 00 
99, 812. 90 49, 906. 45 
61, 380. 55 30, 690. 27 
46, 999. 15 23, 499. 57 
81,051. 98 40, 525. 99 
42,642.71 21, 321. 35 

118, 597. 60 59, 298. 80 
108, 618. 84 54, 309. 42 
187, 484. 00 93, 742. 00 
213, 075. 50 46, 537. 75 
85, 360. 00 42, 680. 00 
20, 353. 30 6, 700, 00 
24, 851.75 10, 500. 00 

RRS ayes See 110,000. 00 
89, 503. O1 40, 600. 00 
59,614. 50 29, 000. 00 
40, 903. 00 20,451. 50 
32, 979. 92 15, 200. 00 

103, 248. 20 44, 200. 00 
53,674. 86 26, 766. 00 
17, 180. 02 8,590. 01 
80, 707. 20 40, 350. 00 

216, 194. 06 25, 398, 02 
164,854.98 | 119,198. 99 
32, 912. 50 10,970. 83 
31, 986. 09 10, 662. 03 
72,613. 24 24,204. 41 
69, 518. 73 23,172. 91 
5, 154. 20 1,718. 07 

247 943. 16 8, 314, 39 
38,417. 01 12; 805. 67 
23, 997. 39 7, 999. 13 
21, 436. 41 ' 7, 145.47 
68, 266. 11 22,755. 37 
46,207. 41 15, 402. 47 
26, 639. 14 8, 879. 71 

152,481.09 | 131,054.81 
29, 915. 60 14, 957. 80 

23, 604,785.11 | 10,335,651. 45 

1 Modified agreement. 
2 Revised project statement. 

Mileage or amounts given are increases over the original figures. 
Figures given show amount of increases over the original statement. 
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ROAD MAKING AT FRONT IN FRANCE 
By F. G. EASON, Senior Drainage Engineer, Bureau of Public Roads, Captain Company A, 317th Engineers, U.S. A. 

THE ROAD THROUGH NO MAN’S LAND, FOREST OF ARGONNE. 

T was very instructive, as well as interesting, to 

attend the 188 various schools conducted in 
France by the Army for the purpose of impart- 

ing the best methods of constructing roads and 
other engineering works at the front during active 
operations. It was also most amusing to see the 
way all of these technical methods were ‘shot to 
pieces”’ under actual working conditions at the front. 
It resolved itself into a question of simply doing 
the best one could with what happened to be at 
hand in the shortest space of time. 

The golden rule in the Army is “do it now.” 
Never mind how or with what, do it. And it is in 
just such instances that the American engineer on 
the front was enabled to put over the big jobs by 
bringing into play his remarkable faculties of 
ingenuity and resourcefulness coupled with quick 
action; all of which combined made him a winner 
and helped to break down the German war machine. 

Imagine arriving at a section of the front new to 
you and your men and receiving orders that a certain 
piece of road must be opened at once. ,The road, 
surroundings, and materials are all unknown to you. 
That calls for quick reconnoisance to get a line on 
the work. 

WORK BY THE ‘‘TOUCH SYSTEM.” 

This article will deal primarily with road con- 
struction during active operations at the front in 
mobile warfare, as this was the phase of fighting 
mostly encountered by the Americans. This will,. 

of course, not be applicable to the conditions of 
fighting in France which obtained for four years 
before the Germans were driven from the trenches 

and compelled to resort to the former style of warfare. 
It is rather difficult to draw a mental picture of 

conditions at the front during the advance of a big 
drive. Everyone must have impressions from child- 
hood of the day the big circus came to town; every- 
thing was bustle, noise, crowds, and seeming con- 

fusion. Things at the front were in very much the 
same shape; the country unfamiliar, the location of 
units not known, the roads impassable in nearly all 
instances from either density of traffic or large shell 
holes and mine craters. The incoming shells and 
aeroplane bombs only tended to make matters worse 
and add to the confusion. This was the usual con- 
dition under which the road engineer had to work 
and if it happened to be night on a road you had 
never seen the task became almost hopeless and 
about all that could be done was to fill shell holes 
by the “touch system,” for, of course, no lights were 
allowed. 

During such times and under such conditions as 
those just described road work resolved itself into a 
question not of building or repairing but simply one 
of keeping the roads open in any manner possible 
so that the continuous stream of ambulances, 

ammunition and supply trucks, artillery, motor- 
cycles and automobiles could pass on uninterruptedly. 
To this end many expedients were resorted to for 
obtaining material and repairing the roads. 



YAWNING MINE HOLES TO BE FILLED. 

The French roads are justly famous. The pre- 
vailing type is the water-bound macadam, and in 
normal times these are kept in a wonderful state of 
repair by the most painstaking methods of main- 
tenance done under the patrol system. This does 
not apply in a measure to conditions at the front, 
for there it was not possible to give the roads such 
attention, and the constant heavy traffic played 
havoc with them. Through ‘no-man’s land’ the 
roads have been practically obliterated by constant 
shell fire and mines, and it was there that the engi- 
neers had their hardest work. It was, of course, 

quite necessary that the roads across this stretch be 
opened up at once. 

Almost without exception the main roads across 
“no-man’s land”? had been mined by the Germans, 
and upon their retreat the mines were set off, blowing 
the road off the map and leaving gaping holes 30 to 
50 feet deep and with a diameter of about 100 feet. 
In such a case the only thing to do was to construct 
an entirely new road around the crater until things 
had quieted down a bit, and then go back and either 
fill the hole or bridge it.. Then, upon getting back 
to the old road, the chief trouble would be with shell 
holes in the road. These varied all the way from 
2 feet to 20 feet deep and a diameter of 3 to 30 feet. 
This called for quick filling methods, with any hard 
material at hand, and right here was where one of 
the greatest difficulties arose: that of getting proper 
materials for filing these numerous holes. If one 
were lucky enough to have a few trucks bringing up 
rock from the rear, things would run along smoothly 
enough, but this was more often the exception than 
the rule. 

GERMAN SHELLS FURNISH MATERIAL. 

The houses in the French villages are almost 
without exception built of stone with a rather dry 
mortar. These houses were, for the most part, shot 

to pieces, so that the stones were available for use 
in filling these holes along the roads, and the engineers 
did not hesitate to use this material wherever 
possible. 

The Germans were not sparing with the use of 
concrete on their trenches, dugouts, and “pill- 
boxes.” These were in many cases torn up to obtain 
material for road work. When this was resorted to 
there was nothing left but the steel-rod reinforce- 
ment. 

There are, in many sections of the Argonne Forest 
and the adjoining country to the east, a substratum 

of clay with rocks ranging in size from a man’s fist 
to his head. In sections where the shelling had been 
heavy, large quantities of these rocks would be blown 
out of the ground and others left loosened up in the 
holes. These were used when nothing else could be 

99 
oo et 

had. It was no uncommon sight to see men in the 
fields along the roads collecting these rocks in sand 
bags, sacks, boxes, and on sheets of corrugated iron, 
for filling the holes in the roads. Other sources of 
materials were stone fences along the roads, roofing’ 
tile, sand bags filled with earth, etc. 

There was one thing that could be found on the 
front without fail during active operations, and that 
was rain. Some of the roads through the Forest of 
Argonne and surrounding country that were of minor 
importance suddenly became of great importance 
during a drive, and had to be opened up. These 
‘were given the same kind of attention as the other 
roads except in cases where the soil was a very 
sticky clay, in which case it usually was necessary 
to corduroy. The same scouting around for suitable 
material would occur again, but usually it was 
found. A company of pioneer engineers has con- 
structed in half a day 75 to 100 yards of corduroy 
road in addition to scouting around for the material. 

WORKED 96 HOURS AT A STRETCH. 

In passing, it might be stated that it was very 
disheartening to finish up a section of road and then 
have to go back and do the work all over again as a 
result of new shell holes. The work had to go on 
day and night. In some cases it could be done only 
at night, for where the enemy had direct obser- 
vations, large bodies of men working on a road were 
almost certain to draw fire. i 

This also was one place where the eight-hour law 
was not strictly enforced. Working day and night 
for 72 to 96 hours was not an uncommon occurrence, 

and at the end of such a stretch, the ground or a hard 
board felt pretty good in leu of a bed. 

All big offensives slowed down after a few days of 
hard fighting and a lull in operations ensued. This 
gave the engineers an opportunity to secure some 
much-needed rest and to do some road work of a 
little more permanent nature than the rough work 
just described. Things got on a more normal basis 
and then the engineers opened up and operated 
quarries or brought up materials from the rear. 
There are several of these quarries in the Argonne 
country with a good quality of limestone which was 
used quite extensively on the roads in that section. 
There is also in this section a poor quality of soft- 
clay rock which outcrops on the hillsides. This was 
used considerably to fill holes and as a temporary 
measure did very well. Under constant heavy 
traffic and wet conditions it would break down and 
turn to mud in two or three days and it would have 
to be shoveled out and replaced. 

HOW THEY BLEW UP BRIDGES. 

The Germans are a very ingenious people, at least 
so far as the art of war is concerned, and they never 
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overlooked anything that hindered the enemy in his 
advance. To this end the roads were mined and 
bridges destroyed. One rather novel method of 
destroying the small bridges consisted in making a 
girdle of from 12 to 15 hand grenades around each 
pile, under the bridge, putting a cap in one of them 
and connecting them up to a battery. Upon firing, 
the pile would be cut off and down came the bridge. 
The hand grenades used for this purpose were those 
with the handle for throwing, called by the American 
doughboys “potato mashers.”” This is cited merely 
to show one instance of where the Boche used his 

head. 
In order to handle the endless stream of traffic at 

the front, the plan of one-way traffic now in vogue in 
some of the cities was adopted and proved quite suc- 
cessful. The routes of travel would, of course, have 

to be worked out hurriedly and many a poor truck 
driver has had to drive all over the world to get to 
his destination of a few kilometers, as he would have 

to follow the route of travel on the one-way roads 
and that was not always in the direction he wanted 

to go. 

ie 

Unless a man was on staff or some special duty 
which carried him to different parts of the front, the 
knowledge he gained was confined solely to the im- 
mediate vicinity in which he was working. This is 

true to a remarkable extent. It is surprising what 
little one knew of what was going on around him 
during active operations. His vision was quite re- 
stricted, and limited only to the immediate part of 
the front in which he happened to be. As to what 
was going on in other parts of the line he was utterly 
oblivious and knew nil. Those in the rear, in the 

5S. O.S., and in the States knew far more concerning 
the general operations. This makes it rather difhi- 
cult to generalize, and what has been written is con- 
fined to the Forest of Argonne section. 

LACK OF TRANSPORTATION. 

The Americans in the big Argonne-Meuse offensive 
of September 26 to Noveniber 11, 1918, fought under 

many great disadvantages. Many of the men had 
never before been in a battle and things were bound 
to be confused at times. However, one of the great- 

est disadvantages was lack of transportation. 
tied up certain phases of work very materially at 
times. A company of pioneer engineers is supposed 
to have two motorcycle side cars, four bicycles, and 
the usual quota of wagons, water carts, rolling 
kitchens, ete., with 41 head of horses and mules. 
Companies that had 10 horses to pull their equip- 
ment were lucky and motor transportation or 
bicycles were unknown. But in spite of all obstacles 
and set-backs the Americans had the fighting spirit 
and the determination to drive the Germans back, 
and they did it. 

This. 

GOOD ROADS IN TEXAS. 

Highway building in Texas is at its highest tide 
since impetus was given to it by State and Federal 
aid. It is estimated by the State highway engineers 
that more than $20,000,000 worth of roads are now 

under construction. Bond issues in counties and 
subdivisions of counties are of weekly occurrence 
and the agitation for good roads is so general that 
enthusiasts believe that all the State highways in 
Texas will soon be built and maintained in a high 
state of usefulness. 

Representative C. O. Laney, the author of the 
$75,000,000 road bond amendment which the people 
will vote on next November, estimates that $200,000,- 

000 will be available for road construction in the State 
during the next 5 years if road bonds contemplated 
are issued. Counties in the State have already 
voted or now have pending road bonds amounting 
to $23,670,000, the State will receive Federal aid 
money amounting to about $9,000,000 this year 
with approximately $20,000,000 allotted for the 
next three years. The voting of the $75,000,000 
will greatly stimulate the further issuance of county 
bonds during the five-year period. 

SAVE A CENT A MILE. 

The commissioner of highways of Milwaukee 
County, Wis., estimates from statistics he has com- 

piled that the improved roads of that county save 
$2,500 a day to the people who use them. The sta- 
tistics are based on a census of the traffic taken 
periodically during the last four years. This census 
is made by selecting 52 points scattered throughout 
the county, and making seven counts at each point, 
one for every day of the week. The count is not 
made on consecutive days, but at various periods 
from April to November, so as to arrive at average 
conditions. This census is taken to determine the 
durability of certain types of pavement, according 
to the amount of traffic per square yard. It shows 
that about 25,000 vehicles of all kinds travel the 
highways each day. ‘Traffic on the road has in- 
creased about 42. per cent a year during the four 
years in which the survey has been made. 

ILLINOIS BOND ISSUE VALID. 

The Supreme Court of [linois has decided, in a 
test suit, that the $60,000,000 road bond issue ap- 
proved by the voters last November is valid. The 
suit was a friendly one, brought that a decision from 
the court might be secured which would remove all 
doubt as to the validity of the bonds, so there 
would be nothing in the way of carrying out the 
program of road building authorized by the vote. 
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BONDING NEW CEMENT-MORTAR 
AND CONCRETE TO°OERDEINGFESIS 

By W. E. ROSENGARTEN, U. S. Highway Engineer, Bureau of Public Roads. 

and repair work to join fresh concrete to old or 
to concrete which has partially set. In order 

to obtain definite data on the relative value of various 
methods of increasing the bond an extensive series 
of tests was planned and carried out in the Engi- 
neering Research Laboratory of the Bureau of Public 
Roads. This series included: 

I. Tests on the bond strength in tension of a 1:2 
mortar in the form of the standard tension briquette. 

Il. Tests on the bond strength in cross bending of 
a 1:3:14 concrete in 4 by 4 by 14 inch prisms 
bonded to concrete slabs. 

Ill. Tests on the bond strength in shear of a 
1:3:14 concrete in specimens in the form of 8-inch 

diameter cylindrical disks, 2 inches high. 
IV. Tests on the permeability or water-tightness 

of the joints formed by various bonding methods. 
The same specimens were used in this series as in the 
shear tests. 

If: FREQUENTLY is necessary in construction 

CONCLUSIONS DRAWN FROM TESTS. 

As a result of these tests the following conclusions 
may be drawn: 

Tension.—It may be safely stated that the ability 
of fresh mortar to adhere to older material decreases 
rapidly as the old sets up. Where the older material 
has set for 24 hours before adding the fresh, the 
bonding strength is but 44 per cent of that of mono- 
lithic construction. Further ageing of the old mor- 
tar causes a slight decrease in the bonding ability, 
which at 7 days is 39 per cent of the original, and at 
28 days has reduced to 35.5 per cent. 

The bond of new concrete to old can, however, be 
increased by various methods, which include treat- 
ment of the old surface, the use of a bonding medium, 
and care in handling the new concrete. 

The old surface can be treated to increase the bond 

either by roughing with a steel tool or by a treat- 
ment of dilute hydrochloric acid (1:10 concentrated 
acid and water). The acid acts on the cement 

particles, dissolving them and leaving the clean 
surfaces of the aggregate. The remaining salts 
should be washed off thoroughly. Roughing the 
surface increases the strength of bond 20 per cent, 
and the acid treatment increases it 13 per cent, except 
in the case of the tests where the old concrete has 
aged 7 days, in which case there appears an un- 

explainable detriment to the bond due to the acid 

treatment. Combining both roughening and then 
treating with acid gives but a slightly greater bond- 
ing ability than either by itself. 

The application of a thin layer of cement butter as 
a bonding medium has a decided effect in increasing 
the adhesive strength. An additional 25 per cent 
in strength is developed by the addition of the 
cement-butter layer. If the cement-butter layer is 
allowed to stand one hour prior to adding the fresh 
mortar, an additional 3 per cent may be added to the 
strength. The use of a proprietary compound mixed 
in with the neat cement butter appears to be of little 
additional value. 

P= 42.9 /bs. 
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METHOD USED BY MESNAGER. 

The hard tamping of the new mortar against the 
old, thus forcing it into the pores, has a tendency to 
increase the strength of bond about 8 per cent. 

The broken surface showed a greater bond than 
either the plain molded or natural surface, as might 
have been expected. The roughing of the two latter 
characters of surface had the effect of placing them 
on a par with the broken surfaces. 

The ability to bond to the molded and natural 
surfaces appeared about equal. A tendency, how- 
ever, 1s noted in the case of the surface molded against 
forms toward a decrease in the strength as the age 
of old concrete increases, while the natural surface 

appears to remain fairly constant after the concrete 
has aged 24 hours. 



The effect on the bond of wetting the old mortar 
surface is hard to determine from the results of these 
tests. It is at present the usual practice to wet the 
old work throughly before attempting to bond fresh 
mortar to it. In about half the above tests this 
appears to have a detrimental effect, decreasing the 
bond strength about 10 per cent, while the other half 
shows it to have increased the bond strength 5 per 
cent. 

The use of a bituminous bonding material is of 
little value. 

The use of sodium silicate appears to have an 
effect on the bonding strength. 

Cross-bending.—The use of the hydrochloric acid 
wash on the concrete specimens appears to give a 
shghtly greater bond than does the mechanical 
roughing of the surface. In the case of the mortar 
briquettes the opposite was the case. 

The old concrete surface wetted develops a bond of 
only a little over one-fifth the strength of the mono- 
lithic concrete, roughing the surface or giving it a 
hydrochloric acid treatment increases the strengta 
one-sixth and the application of a cement-butter 
layer adds an additional one-fifth. 

The results of this series of tests show the wetting 
of the concrete to be beneficial. The suggested 
theory that the cement particles are drawn into the 
old dry concrete by capillary action, thus increasing 
the bond, does not appear to be borne out by the 
tests. This may be due possibly to the fact that in 
Test I1—G, H, and I, page 33—the cement butter 
had insufficient water, and in Tests II—J, K, and 
L—where the cement milk was used, there was an 

excess of water. 
The ability of the fresh concrete to adhere to the 

old decreased rapidly during the early stages of 
setting of the old concrete, from 100 per cent to 
about 30 per cent in the first 24 hours. After the 
old concrete has taken its final set the decrease with 
the age is very slight. 

In general, it appears that (a) by careful treatment 
new concrete can be made to adhere to old with a 
strength equal to 60 per cent of monolithic concrete. 
If a greater bond than this is desired it will be neces- 
sary to resort to dowels drilled into the old concrete. 

(b) If no special treatment is given the old con- 

crete other than cleaning off foreign substances 
before adding the fresh concrete, a bond of but 20 
per cent of the monolithic concrete is developed. 

(c) The surface of the old concrete can be rough- 
ened or treated with a 1:10 dilute solution of hydro- 
chloric acid which will increase the bond by 20 per 
cent of the strength of the monolithic concrete. 

(<2) A bonding medium of a thin layer of neat 
cement butter spread over the surface of the old con- 
crete will increase the bond 20 per cent of the 
strength of the monolithic concrete. 
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(e) Tamping the fresh concrete hard against the 
old concrete, forcing the cement into the pores, in- 
creases the bond 5 per cent of the strength of the 
monolithic concrete. 

It must be remembered that the above conclu- 
sions refer to a rich concrete—namely, 1:2/3:1-1/3, 

and that for leaner mixes the percentages very likely 
would be increased. 

Shear.—The shearing strength of a joint is greatly 
increased by a treatment of the surface of the old 
concrete, and although it may slightly increase the 
cost of the work, the added effect would certainly 
seem desirable. 

Permeability.—TVhe results of this series show that 
there is no danger of leakage at a joint made in con- 
crete of a mixture as rich as 1 :2/3:1—1/3, under pres- 

sures up to 40 pounds per square inch; when the 
surface of the old concrete has been treated. 

FORMER TESTS NOT NUMEROUS. 

-Engineering literature indicates that tests on 
bond were not very numerous. A brief synopsis 
of several series of tests on bonding new concrete 
to old, of which records have been found, are in- 
cluded here in order that they may be compared 
with the results of this investigation. 

Since tests on bond strength have not been stand- 
ardized the results will be comparative rather than 
absolute. The strengths of bonded specimens are 
therefore compared with the strength of mono- 
lithic specimens in order to obtain a measure of the 
degree of perfect bond attained by various methods. 
The strength of the monolithic specimens is con- 
sidered the limit which may be reached by the 
various methods of bonding. 

TESTS BY M. MESNAGER. 

A record of an interesting series of bond tests by 
M. Mesnager, a Frenchman, was published in 1907. 
He used specimens of 1:2:4 concrete. The old con- 
crete portion of the specimens was cast in a hori- 
zontal position and cured under a damp cloth. 
After 7 days and 30 days the second half of the 
specimen was cast on the end of the first half, which 
was stood in a vertical position, the concrete being 
well rammed. The connecting surface was left 
plain just as it came from the forms, with no addi- 
tional scoring or marking. This surface, on one- 
half of the specimens, was well wetted before adding 
the new concrete, while on the remainder the surface 
was washed with cement grout. 

The completed specimens were stored under wet 
cloths for 28 days and then tested as a cantilever by 
the method indicated in figure 1. The specimen 
was firmly set 51 inches into a fixed grip. The 
lower arm and bucket balanced by the counter- 
weight were clamped on the upper end of the speci- 
men and the load applied by pouring mercury into 
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the bucket. Nearly all the specimens first broke 
some distance above the joint. The loading device 
was reattached to the remaining portion and again 
tested until failure occurred at the joint. The 
tension in the outer fiber was figured from the fol- 

lowing formula. 

T=tension in outer fiber; 

P=weight of mercury; 
P'=weight of lever arm, bucket and counter- 

balance = 42.9 pounds; 
/=lever arm of P about the specimen; 
b=side of section of the specimen = 2? inches; 

b 
pala Dry i, BOL Uo Ley 

el abi dela eb b? 

12 

The results of the tests made are shown in the 

following tables: 

AGE OF OLD CONCRETE,7 DAYS. 

“cc i ‘Saree 

tension 
Speci Mele: . P”’— | in outer 
¢ z reaking | fiber, % 
xe Aas load in | pounds BEE 

: a pounds. per 
Ss square 

| inch. 

Plain joint. .... 1 a | 3.5 24 | Broke Zinch above joint.! 
b 3.5 24 | Broke at joint. 

2 a 1252 97 Do. 
3 a 8.7 67 Do. 

Average. 2}252-..-- |-----+-- [t= fete ee 87 

Grouted joint. . rsa a 23.4 191 | Broke 8 inches above 
joint. 

b 24.3 198 | Broke 4 inches above 
joint. 

c 25.6 209 | Broke at joint. 
5 a 21.9 178 | Broke 14 inches above 

joint. 
| b 21.6 175 | Broke at joint. 

| 6 | a 24.8 202 | Broke 17 inches above 
joint. 

b 24.6 200 | Broke at joint. 

AVOLALO: Ac 02 ee Hy emem eal 7. = Sew 193 

AGE OF OLD CONCRETE, 30 DAYS. 

Plain joint..... 7 a 24.5 199 | Broke 73 inches above 

b 24.9 202 Broker inches above 

c 21.2 171 | Broke at joint. 
8 a 13.9 111 | Broke 103 inches above 

b 19.1 151 | bloke at joint. 
9 a eer 142 Do. 

A VOTAE Gia oii ae ojala = sala) roe eiaalen's 163 

Grouted joint .. 10 a PAWNS | 174 | Broke 11} inches above 

b 24.6 200 Broke “ok inches above 

¢ 29.0 234 Broke 23 inches above 

d 19.7 159 | Boke at joint. 
11 a 555 91 | Broke 8} inches above 

b 26.5 216 Broke’ 43 inches above 

ec 31.6 259 Broke’ 2 inches above 

9M 36.7 302 | Broke at joint. 
12 | a 24.3 198 | Broke 10 inches above 

b 27.8 227 Eieke oh inches above 

ec 26.6 217 Broke 23 inches above 

d 27.8 227 Svea joint. 

Average.. iets eee sR RK: 219 

1 Disregard No. 1 as faulty joint. 2 Disregard test 1l-a. 

The general conclusions drawn were that a grouted 
joint is an aid and that hard tamping adds appre- 
ciably to the bonding strength, since the new con- 
crete was tamped with much greater force in the case 
of the 30-day specimens than it was with those in 
which the old concrete had aged but 7 days. 

TESTS BY R. B. PERRY. 

Following these tests Raymond B. Perry carried 
on a similar series of tests as a thesis for a .civil en- 
gineer’s degree at the Case School of Applied Science, 
which were published in 1908. The specimens were 
of the same dimensions as those made by M. Mesna- 
ger, but were of 1:2 mortar, as it was considered that 
a more uniform set of specimens could be obtained 
and that in practice the treated surface usually is 
one in which a mortar has flushed to the surface. 
The mortar was put in the forms wet and only 
tamped sufficiently to get out the air. The old 
halves of the specimens were all allowed to cure for 
14 days, being kept moist. A new half was then 
bonded to an old half and kept moistened for an 
additional 21 days before testing. The load was 
applied in this case by pouring sand instead of mer- 
cury into the bucket. All of the cemented specimens 
broke at the joint. <A set of full-length specimens 
was cast and tested after 21 days. These all broke 
at the center. 

Various methods of increasing the bond were em- 
ployed and the results in each case equated to the 
proportional strength of the monolithic specimens. 
The results of the tests, as reported, are given in the 

following tables: 

“ee 7; 22 

tension 
Speci- ; in outer (b) Aver-| Percent | Per cent 
Peal Method of treating fiber, |(a) Aver} age of 3 | of (a) to| of (b) to 
No joint. pounds age. nearest full full 

; per tests. |strength.|strength. 
square 
inch 

Al |) < 158 
A2 |]Ends roughened with 123 
A3 cold chisel—euts 4 to 87 124 125 49 49 
A4 + inch deep.....2....-< 124 
Ad 128 
Bl 119 
R2 |i}End smooth but cov- 131 
B3 ered with a cement 207 133 125 53 49 

paste $inch..........- 

End moistened only. 
All broke in handling. 

End roughened asin A, 
and covered with ce- 
ment paste as in B.... 225 

227 
End cleaned and solu- 

Eh ee of Ransomitens eee 
ney plied, then washed a 5 = 
ze off. Thin cement a 191 228 6 90 

grout rubbed in and } 
inch cement paste. . -. 

End cut with groove 
on neutral axis % inch 
wide, % inch deep, 
groovestraight angles 
CO CLOSS arm eee ee 

146 

173 
133 
120 
128 
110 
255 
230 
249 
271 
257 

133 127 53 50 

Full length prism, 27} 
inches, tested after 21 
5 fay ee ees SO a ee ee 

bo or bo bo = 100 100 

whelvleje) orwnNe 

eS SSS ee ——S——— 

279 
211 
237 237 229 94 90 

_———_ —— eae eee _————_—S_ 

er 

a a, 

— i eo 



The conclusions drawn from the above tests were— 
1. The bond existing at a smooth joint is very 

slight. 
2. About one-half the strength of concrete is 

developed in a joint bonded by— 
(a) Roughing the surface; 
(b) Applying layer of cement paste; 
(c) By cutting a bonding groove. 
3. When the joint is both roughened and a cement 

paste applied, 90 per cent of full strength is developed. 
4. A solution like ‘‘Ransomite” takes the place 

of roughing. 

TESTS BY E. P. GOODRICH. 

Another series of tests on bonding new concrete 
to old was reported a year later by E. P. Goodrich. 
The test specimens in this case were the standard 
cement briquettes. One set of specimens was 
molded and broken after 24 hours, the halves being 
used as the old portion to which the fresh mortar 
was bonded. Another set of briquettes was molded 
with a thin strip inserted at the small one-inch cross 
section. The resulting smooth surface was roughened 
with a sharp steel tool to imitate the roughing done 
in practice with the pickaxe or blunt chisel. A1:2 
(by weight) cement mortar was used. All the 

specimens were cured in air to approximate more 
nearly actual working conditions. The new mortar 
was added to the old half specimens after they had 
aged for 24 hours and 7 days. All specimens were 
broken at the end of 30 days from time of binding. 
The results of the tests are shown in the table below: 

Smooth surface 
Broken surface. roughened, 

Treatment of old surface before add- 
ing fresh mortar. 

24hours.| 7 days. | 24 hours. | 7 days. 

161 $ 285 2 ete 
11126 | 313/314 2 0 | ‘Hho 
92 343 0, | 

Soaked 10 minutes in water.......... 

6 
Grouted, dipped end in creamy | 38 
cement. 31 

HCl, treated with 1:10 solution HCl 6 
and washed clean. 

“Bondsit’”? powder, 5 pounds to 10/| 30 152 79 172 
gallons water used as HCl above (a 60)-45 105}117 54>67 26+104 
sulphuric acid). 4 95 68 114 

VOLO Cteee easta sewers cece tees 147 207 122 | 69 

Whole briquettes—363, 384, 309, 438, 415, 304, 427. 
Average, 377. 
1 H—Denotes break in handling. 

The conclusions drawn by Mr. Goodrich were: 
(a) Since best results were obtained from the 

natural fracture, it points to a purely mechanical 
bond or one with little cementitious action. 

(b) Practically no bond is developed on the sur- 

face molded against the form and which had dried 
for 7 days. 

29 

(c) Thorough soaking of work is essential. In 
the 7-day smooth surface, grouted bond, water 

was absorbed so rapidly from the grout as to render 
it an actual detriment. However, in 24 hours and 

7 days, rough surface, soaked, would lead one to 
suppose there is a possibility of using too much 
water. This was thought possible in the laboratory 
but not in practice. The use of dry cement sprinkled 
over the old surface dampened is of questionable 
value. 

(qd) A coat of grout is advantageous, after first 
having soaked the old concrete thoroughly. 

(e) The acid treatment when the old concrete has 

aged but 24 hours 1s of little value. 
(f) The acid treatment is advantageous on sur- 

faces molded against forms and having dried for 
seven days. 

(g) The acid treatment gives more consistent 

results than other methods. 
(h) It is difficult to explain why the rough sur- 

face; 7-day specimens were stronger than the 
24-hour specimens, unless small particles were 
loosened and still clung to the damp surface and 
were brushed off the dry 7-day surface. 

TESTS BY J. L. MINER. 

J. L. Miner carried out a series of tests at the 
Lafayette College for the purpose of determining 
the comparative strength of different joints in bond- 
ing new concrete to old. The first half of beams 
were allowed to set for 48 hours before adding the 
remaining half. All beams were broken at the end 
of two months. Three kinds of aggregate and 
mixes were used. 

Miz No. 1.—Clean, sharp bank sand } inch to 
dust, and crushed dolomitic limestone passing 14- 
inch and retained on }-inch screen, in the propor- 
tion of 1:2:3, using 8 per cent of water and mixed 
by hand. 

Miz No. 2.—Crushed dolomitic limestone screen- 
ings under 4 inch, and crushed dolomitic limestone 

passing 14-inch and retained on }-inch screen, in 
the proportion of 1:12:34, usmg 10 per cent of 
water. 

Miz No. 3.—Clean, sharp bank sand, }-inch to 

dust, and gravel from pit along the Delaware River 
above Easton, all passing 24-inch and retained on 
;)-inch screen, in the proportion of 1:1:4, using 73 
per cent of water. 

The concrete was well rammed with a 3-inch 

round iron bar with a nut on the end. The loadings 
were in increments of 200 pounds, and the deflec- 
tions noted each time. The breaking load was re- 
corded and the modulus of rupture figured. The 
beams were tested on a 5-foot span with the load 



applied at two points, one 12 inches each side of the 
center. 
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The results of the tests are given in the following 

table: 

Mix No. 1. Mix No. 2. Mix No. 3. 

Kind of joint. 

Pounds. | Average.| Pounds. | Average.| Pounds. | Average. 

ie ‘ 

3” 100 1 e0 | 1,75 3 700 3, 200 BAW Solid Reape (Seen e eee oe Rls ne ah care eee oer 3,100 3,275 950 

| oi 3, 400 ’ 1, 850 ; 3,000 : 
5 

SOLIO 

1, 400 
Bl Dovetail sxcvsae.tatcs sth oo sve. Soh eee hee ee eee 1) 900 1, 700 { 1380 |} 1,850 |----2--2-feseeeeeeee 

1,800 , 
DOVETAIL 

CGC). Vertical roughened 2.25: ee cee see cece cee eee eee ee { 1 ae \ 9003)|'212555% a) ae So eba a8 aaare er sa eee neers 
? 

VERTICAL ROUGHENED 

Verticalreinforced, two 3-inch rods 18 inches long with 2,900 | 
D nuts on either end, 13 inches from bottom, 2 inches |}.........|.......---|-.+---e---|---------- 3, 100 3, 233 

fromisidescere cn Saee sob. ease sae cee cee meettchlee tts stars 3, 700 

VERTICAL REINFORCED 

2,150 1,850 
Hs) Scari (length of beam) Si. cae ene. <a seeeeee eeeee 2,300 2,300 1,900 1, 838 4s-ceee face | Se eee eee 

2,450 1, 750 
SCARF 

: 2,150 ei [Sees Fe ne) F | Scarf washed with oxalic acid (4 length of beam).......]..........].........- { 2’ 250 \ 2, 200 ay 3, 433 
Hu d 

SCARF-OXALIC ACID WASHED 

3, 200 
G | Scarf washed with cement (4 length of beam), 222-52.-) 225522. S2e)foe a ee ee 2, te 3, 200 

3 
SCARF - CEMENT WASHEO 

De), Bete tstseentone capa (Newb. 
STEP 

The conclusions drawn from the tests were that 
the reinforced was the strongest end the scarf joint 
next strongest. Scrubbing the old surface with 
oxalic acid helped to increase strength slightly. 

TEST OF H. ST. G. ROBINSON, 

A paper by H. St. G. Robinson, Institute of Civil 
Engineers in London, tells of a series of tests on the 
adhesion of new concrete to old. Prisms of concrete 
were tested as cantilevers. Six specimens of each 
kind of joint were tested. All were cast at the same 
time and the artificial joint made 7 days later, and 
the set tested 28 days after their manufacture. 

Considering the solid prism as 100 per cent effi- 
cient, the various methods of bond showed the fol- 
lowing degrees of efficiency: 

Per cent. 

(ay Hace wetted only: . 4255. bo Ueen Seem isa ence tee 38.3 

(by Face roughened and wetted. 7... .ceeeeeen tees mee 56. 2 

(c) *Face’‘roughened and grouted...... 22. 2 ek 85.5 

(d) Face treated with acid, cleaned, and new concrete 

appliodsssees tas tow USccck TL. B. ooe, beeis eee 82.0 

PRESENT SERIES OF TESTS. 

In the light of the foregoing, the present series of 
tests was planned and carried out in the concrete 
research laboratory of the Bureau of Public Roads, 
to determine the value of various methods of bonding 
new concrete to old. 

SERIES I—TENSION. 

The simplest and most direct means of testing the 
bond of new concrete to old was by use of the 
standard tensile cement test, specimens having a 
1 inch square section at the plane of bonding. A 
1:2 mortar of Portland cement and sand was used 
in order to develop sufficient strength to cause the 
specimens to break at the joint and not in the mass 
itself. In actual practice three general types of 
surfaces of old concrete to which new concrete is to 
be joined may be encountered. They are, first, a 
broken surface, second, a molded surface, as against 
a wood form, and, third, a natural surface, as a 
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TABLE No. 5, 
Series I. Bonding new cement mortar to old. 

(Tension tests, standard 1:2 mortar briquettes, age of bonded joint, 28 days.] 

Bonding method. Broken surface, age of old Molded surface, age of old Natural surface, age of old 
half of specimen. half of specimen, half of specimen. 

Surface Medium, 1 day. 7 days. | 28days.| 1 day. 7 days. | 28days. | 1 day. 7 days. | 28 days. 

UN TA Tide eg fe net SIS oe 24 BGA SRE REE BA SS Se eee ee ee 1H 247 238 278 182 1H 19) 167 207 
1H 4154 274234 ana sto 1984192 1684174 17 }181 173}208 218}227 
154 281 321 345 213 180 ‘ 283 257 

BY WOES naSenn AR aS CO BeOS] GiOb SE Celeb ESC ARES arc SSeS Ieee mee 218 248 144 230 184 113 164 226 186 
2520 220 21210 227 {20 1814199 nisi iso} ane 222 '243 issi02 
293 295 257 250 231 121 252 282 201 

MSOB KOU Stee Bae Ss Sharh ac oe accu cht. Sas cheese nb Sab bees Lt, 274 221 204 225 184 106 197 204 143 
abso 22 218}233 257 7250 194/194 vss 014199 2s 20 ishisn 
333 249 278 279 203 128 294 221 

BY MME WOU Stes soc. xe taciece ys-inch layer cement butter.............. 402 399 382 290 237 155 230 317 193 
sa ssa 3767396 | 3457315 a2 isis 291 +283 aslo asi {250 
473 542 429 309 263 161 829 423 292 

IBVONAV. Obs fe fee clea tact e es yinch layer cement butter tamped hard.| 352 423 430 401 326 163 316 302 259 
457-434 milsoo 4 aa 460 | 4327424 3350 170 370 7356 sails aa 

| 493 551 438 358 210 384 353 330 
ERE TLOUP MED OC an CWO baste eeedtn teeta ina eee geese asset (aie ee Le vow Ble So 261 217 257 236 207 

285 $276 234}241 2841-277 21a 23520 
284 274 290 301 247 

(oA Sars tee SOE UES eee e-inchilayer coment butterie..c acne a| sete eset eel c os necee a cilnee csi cence 438 403 895 286 404 367 
4457-451 4807455 | 417/427 | 391/424 129420 399 7398 
471 483 471 495 429 427 

Er eee LOM ns oe cee Sprinkledidry.cuments eesceee aes ee eee 402 363 296 322 OW ese eset oh 330 266 | 302 
. 3997411 4347410 4017371 3645359 3467310 347 7344 3355315 326 7338 

432 437 415 392 346 354 344 | 386 
T |, HC] washed s.3. 28. 7;-inch layer cement butter.............- 398 214 398 394 174 333 351 385 | 318 

4507448 | 230/226.| 4267437 4287-415 2107202 | 350/351 401 7391 3867386 | 345/379 
497 233 486 443 221 370 421 386 479 

Kae WObr: orc ote teeeceae +s-inch layer 1:20 by weight proprietary | 423 380 358 372 331 198 222 252 | 204 
compound and cement butter. 4507459 | 4537434 | 4217407 | 401/391 | 3527346 | 336/298 | 2887289 | 307/310 | 240/239 

505 467 443 401 350 359 858 374 | 273 
Hb [lB liar, ERC RS BR gee ce DhinslayvernptumUene sess tee eee eee 82 66 82 87 OS lne oon c Mele asoce aes 71 74 

84? 84 777 81 90? 89 93> 89 687 74 80; 79 74¢ 77 
86 100 95 99 87 86 83 

IMERINW ID base cc acme scien sic ess +,-inch layer cement butter stand 1 hour.| 417 430 378 396 talow | anc coho 163 255 188 215 
4237422 | 4667478 | 4427430 | 3997409 171/171 2887-286 | 2167286 | 3987356 
426 538 472 431 180 314 264 454 

INDIR OGos= aoe eae ccionics cle Soaked with 10 per cent solution of | 216 219 psf] limi pa Be Bae 208 107 145), Bele towns sates 141 
sodium silicate. 219-224 | 217/227 257 7255 219209 133 7130 177/199 1557174 

237 246 269 262 150 274 226) 
PAP Diy acedece on eee ae Soaked with 10 per cent solution of |-.......-.. UNO al ee ok ane oe Sea] PP cae 1H. LEE Vie ls sag seeonla et estate 

sodium silicate. 203 7197 1327141 | 242-258 
223 151 274 

Oth We tesa: -s-.250-62.2% HIM AYO DligLINOU tae coe ah eee ae isiclee cies sete ose lac citee tee > Clie, > dexeecaee asl es abe see eee eae Sep ASIN asia ile 5h tees 
92) 92 
95 

pe Cl washe diesetes cers er aes 5. 2 ae otek ers eee eet dee deeed DAO WREANI < tebe ott. ors, e cieee AD ae [Sees tases sl seas sacle 246) |S aw lease aol ses 125 
266 7264 251 +25 267 264 1667174 
278 281 280 232 

1H. break in handling. 

TABLE No. 2. 

Series I. Bonding new concrete to old. 

Tension tests on standard 1:2 mortar briquettes, 

Per cent of perfect bond. 

[Based on average strength of whole briquette = 570 at 28 days.] 

Bonding method. Broken surface. Molded surface. Natural surface. 

Age of old mortar at time of bonding. 

Surface. Medium. — 

1 day. 7 days. | 28 days. | 1 day. 7 days. | 28 days. | 1 day. 7 days. | 28 days. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. Per cent. 
FAMILY eae Weta ette aps cs | Sa ciiemie aclsivin's este © ol apes «amidase sapeiae eas e3 27.0 41.0 50.5 54.4 33.7 30.5 31.7 36.5 | 39.8 
B 44.9 47.4 37.9 41.4 34.9 20.3 35.5 42.6 | 33.7 
C 53.3 40.9 40.9 43.8 34.0 19.8 34.9 46.0 | 32.6 
D +s inch layer cement butter..........-.-. 75.8 83.5 69.5 50.3 44.5 2755 49.7 62.0 | 44.9 
E +; inch layer cement tamped hard 76.2 88.2 80.7 74.4 59.6 31.6 62.5 57.0 50.0 
Be LUO TO ONG AIG RIC tan seta crates ache tote ade a alt miner ois erate an siete wie NG td mee eee Stel tara dh encore labetac eataa alae wie te wies 48.4 42.3 48.6 46.1 40.2 
G d ulee dnohylaver cement putter iets os 6 tee Sa enen eee ee Perna | Oe Seki A 79.2 79.8 75.0 74.4 73.7 | 69.8 
igi do Sprinkled dry icenlent son. ceceemine ee 72.1 71.9 65.1 63.0 54s AW wc tee 39 60.4 55.3 59.3 
TiH@l washeds . sa... oe IMCD! JAVOL << 35< ses dsceen tee sb oose | 78.6 39.7 76.7 72.8 35.4 61.6 68.6 67.7 66.5 
KeWote see ee ee ek z;inch layer 1:20 by weight cement 80.5 76.1 (hs 68.6 60.6 52.3 50.7 54.4 } 41.9 

butter. 
LOD b 2 BY pe athe gocher Thin layer bitumen No. 12032.........-.. 14.7 14.2 15.6 15.6 13:02 eet Peewee. 13.9 13.5 
ML aWetl = oe sce tea abr. +; inch cement butter, stand 1 hour...-. 74.0 83.8 75.4 iT lesidic (Pate eee 30.0 50.1 39.1 63.4 
IN: [Jace Gol ee Ae oe 5 | Soaked with 10 per cent solution of 39.3 39.8 Age, \SPe3s keds 40.2 22.8 B49) | see eed 30.5 
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smooth glossy upper surface where old concrete 
work has ended. 

The age of the old concrete also has an effect on 
the extent of the bond developed and therefore fresh 
mortar was bonded to half briquettes which had 
aged 1 day, 7 days, and and 28 days. 

The broken surface was obtained by molding 
briquettes in the ordinary manner and breaking 
them just prior to bonding. The halves were used 
separately, to which the fresh mortar was bonded. 
The molded surface was formed by placing thin 
wet wood partitions across the 1-inch section of the 
molds. Upon removing the specimens from the 
molds they parted into halves, presenting a flat 
surface similar to that formed by the ordinary 
wooden form boards. The natural surface was 
obtained by standing the briquette molds on end 
and closing in the sides of the molds, up to the 
1-inch cross section, with pieces of plate glass. The 
mortar was then tamped into the lower half ofthe 
mold and allowed to set up under damp cloths. 
When the original half specimens had cured the 

first 24 hours in damp air and the remainder of the 
time under water, the surface was treated by the 
various methods and then placed in one end of the 
briquette molds and fresh mortar added, tamping 
in the usual manner, except when otherwise noted. 
The bonded specimens were stored for 24 hours in 
damp air and 27 days under water. The water in 
the storage tank was changed occasionally. All 
specimens were tested when the age of the bond 
was 28 days. 

BONDING METHODS. 

The treatment of the old surface to form the 
bonding joint was as follows: 

Method “ A.’’—The half specimens were allowed 
to dry in the air of the laboratory for 24 hours, 
except in the case of the 24-hour tests, which were 
stored in the damp closet overnight and allowed to 
dry in the laboratory air about 4 hours before 
adding the fresh mortar. 

Method ‘“‘B.’’—The half specimen was removed 
from the water-storage tank, excess water mopped 
off and fresh mortar added. 

Method ‘C.’—Similar to ‘“B,”’ except excess 
water was allowed to stand on bonding surface. 

Method ‘“‘D.’—The half specimen was treated 
as in ‘‘B”’ and then a 44-inch layer of cement butter 
(cement and water mixed to plastic consistency) 

was spread over the surface of the joint prior to 
adding the fresh mortar. 

Method ‘‘ E.”—Similar to ‘‘D” except -that the 
fresh mortar was tamped hard into the remaining 
half of the mold with the end of a knife handle. 

Method ‘‘ F’—¥or this set the molded and natural 
surfaces of the old half specimens were entirely 
roughened by nicking with the corner of a cold 
chisel, brushed off clean, and the fresh mortar added. 
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Method ‘‘G.’—Similar to ‘‘F,” except that a 
js-inch layer of cement butter was spread before 
adding fresh mortar. 

Method ‘‘H.’’—Similar to ‘‘F,”’ except that a 
thin layer of dry cement was sprinkled over the sur- 
face prior to adding the fresh mortar. 

Method ‘‘I.””—The surface of the old half was 
treated with a dilute solution of hydrochloric acid 
(1 part concentrated HCl to 10 parts water). This 
was allowed to set for several minutes, the surface 
then thoroughly washed and a 75-inch layer of cement 
butter added before molding the remaining half of 
the specimen. 

Method ‘‘ K.”’—The old half specimen was given a 
ys-inch Jayer of a proprietary compound, made by 
mixing the compound, a powder, and cement in the 
proportion of 1:26, with water. The remaining half 
of specimen was then molded as in the previous cases. 

Screw yack 
To apply load 

| §, Qynamomerer 
~ Yo record load 
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FIG. 2 
METHOD OF MAKING BENDING TESTS. 

Method ‘‘L.”’—The old surface was dried as in 
‘“A” and a thin layer of hot bitumen spread over 
the joint. The fresh mortar was then applied. 

Method ‘‘ M.”-—The set was treated similarly to 
‘‘Method D,” except that after spreading the 
zs-inch cement-butter layer, it was allowed to stand 
one hour before adding the new mortar. 

Method ‘‘ N.”’—The old surface was given a thor- 
ough soaking with a 10 per cent solution of sodium 
silicate. 

Method ‘‘P.’’—Similar to “‘N,”’ except that the old 
half was first allowed. to dry as in ‘‘A.” 

Method ‘‘Q.”’—Similar to ‘‘L.” except that the old 
half was not dried, but used as it came from the water- 
storage tanks. 

Method ‘‘R.”’—The old surface was treated with a 
~ dilute HCl solution, as described under ‘‘Method I,” 
and the fresh mortar added. No cement cream was 

used in this case. 

Tables Nos. 1 and 2 on the foregoing page give the 
results of the tests of this series. 
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SERIES BENDING. 

Realizing that the results obtained from mortar 
tension specimens with but a 1-inch-square breaking 
area have their limitations when applied to concrete 
construction, a series of tests were made on col- 
umns of concrete 4 by 4 by 14 inches bonded to a 
concrete slab. The wood forms were removed from 
the columns after 48 hours. The specimens were 
kept under a damp cloth for two weeks and in the 
laboratory air for two weeks. All were tested when 
the age of the bond was 28 days. 
A 1:2/3:1-1/3 mix of Portland cement, sand passing 

a 4-inch screen, and gravel retained on a 4-inch and 
passing a 43-inch screen were used. The slabs were 
cast on edge and the surface upon which the col- 
umns were set was formed by the sides of wood 
molds. The roughened surfaces were formed by en- 
tirely chipping off the old surface with a cold chisel 
intl the clean stone surfaces were exposed. The 
hydrochloric-acid treatment was similar to that 
mentioned on the series of tests on the tensile bri- 
quettes. The cement butter, made by mixing 
cement and water to a plastic consistency, was 
Aa over the surface of the old concrete to a 
thickness of approximately $ inch. 

METHOD OF MAKING SHEAR TEST AT JOINT 

The results of the small tensile briquette tests 
seemed to indicate that there might be a possible 
advantage in having the old concrete dry before add- 
ing the fresh concrete, a rational explanation being 
that the fine particles of cement are drawn into the 
pores of the old concrete with the water by capillary 
action, thus knitting together the old and new. In 
the tests G, H, and I of Series II, the effectiveness of 
the $-inch layer of cement cream was impaired by 
the rapid withdrawal of the moisture into dry con- 
crete. In order to overcome this and at the same 
time secure the possible advantage of the capillary 
action in assisting the bond tests, J, K, and L were 
made, using a wash of cement milk (equal parts by 
weight of cement and water) on the dry surface of 
the old concrete, followed by the ¢-inch layer of 
cement butter. In order to obtain the effect of the 
age of the old concrete in its early stages of setting 
on the bond, the series of tests ‘‘M,” below, were 
made. The first column was cast simultaneously 
with the slab. The next five were cast on the slab 
at later intervals, as shown in the table. 

The tests were made in bending by pulling over 
the columns, as indicated in figure 2. The load was 
applied by the slow uniform turning of a screw jack, 
and was measured by means of a Chatillon dynamo- 
meter, having a maximum hand to indicate the 
breaking load. 

The strength of a monolithic column of concrete, 
under a bending test similar to the above was ob- 
tained by casting a column 4 by 4 inches by 4 feet 
long. The column was held firmly between metal 
jaws and allowed to project 14 inches. The bending 
test then was made with a 12-inch lever arm similar 
to the other tests. The results of these tests are 
given in the following table: 

SERIES II—BONDING NEW CONCRETE TO OLD. 

Bending tests on 1: 2/3: 1-1/8 concrete. 

(4 by 4inch column bonded to slab and tested on 12inch leverarm; age of bonded 
joint, 28 days.) 

| | My 
Bonding method. eee pia 

| : | streng 
Poe ede ts Bie ee eA OO! Old Cons | 1s s.. Shof'mono- 

crete. =e | | lithic 
eer: ach|Aver-| speci- 

Surface. Medium. test. | age. | men. 

5 f ] 4 250 ce 

A |{Roughened | f-inchlayercement | Approximate 2 |} 59. | 300 | 57.7 
and wet. butter. months. ons | el ae 

170 | 
BulWieteteactocntscaes Gomes ee Boh OME J 275 I 227 | 43.6 

| 935 | > | 
| 380 | 

C | HCl washed.!..... Ghee S) Jas es oer exes CLOPPEE sitee:< | 315 } 323 | 62.1 
; | | 2975 

180 |} 
D | Roughened |..... COD SRR ee as dour ae 175 | 202 38.8 

| 250 | 

BEE VVC Dette eres seicicte Koes Cee emer do i 22.1 
| 

F | HCl washed.}..... On Rees 2a: ee. do 40.4 

G Niece cae \....do NEE - tay e | aoe do | 45.7 

EP AnD Ry wee veal ae OMe ea raat do 8 f 33.6 
Pg | | 

HCl washed | Aue 
i and dry. \...do atobasisre eye aise sia ate tracn dite eH 46.5 

Cement milk and t- 
ij (Ravshe ue? inchlayercement |....do 40.0 

\ y- | butter, | 05 

eM Dice Sa Rok eee (Globes Be em ae Sn i do 26.5 

Cl washed | L eet \. do Went Py: Lede 33.1 

MepMonolithiets|2.. 0.0. <0). s eas (hough IN YH PAGO |Beeccl §100-0 
MSR Wiet ace ae aalt a taeee ore ote oa es 13 hours 80.5 
Meee o> (BV se pal Arca ptt aeeh Bel Se ea 23 hours 81.5 
I ee GVO is! Sal See po toe Sasa See Sy OUTS sn geoe = | ba 37.0 
Maite: CEG ied le ae etn AP me oe Ay houUnseeseee oe é I 67.4 
ME cee 6 Oe SS SA aCe mee ee 24 hours 30. 4 
INE Cowes eee 2+-inchcement butter) -...do 28.3 
O | HCl washed.|..... dG Saas a aor ee do | 55.5 

480 | | 
SP CCUM CH ase a MONOUGHI Ce nose sean laemeeeeereme aan « | 585 H 520 | 100.0 

|| 495 

1 H indicates a break while removing the forms from the specimen, 

SERIES TI—SHEAR. 

In practice a joint between old and new concrete 
may be called upon frequently to withstand a shear- 
ing stress. In order to learn the resistance to this 
character of stress by various methods of bonding, 
specimens were made and tested for shear. The 
materials and mix were the same as used in Series II 
on bending. Concrete rings 2 inches high, having 
an outside diameter of 8 inches and an inner diam- 
eter of approximately 5 inches, were molded; gal- 
vanized iron rings were used for the inner and outer 
forms, making a smooth surface. When these had 
aged 1 day in damp air and 6 days in water, the 
inner surface of the ring was treated by the various 
methods and the center hole filled with concrete. 
The completed specimens then were stored 1 day in 
damp air, 3 days under water, and 10 days in air. 



A total of eight specimens was made. The treat- 
ment of the inner surface of the ring just prior to 
adding the fresh concrete in the center was as 
follows: Nos. 1 and 2 were untreated except for 
thorough wetting. No. 3, the inner surfaces were 
treated with dilute hydrochloric acid and washed. 
Nos. 4 and 5 were spread with a one-sixteenth inch 
layer of cement paste; the surface of Nos. 6 and 7 was 
first roughened with the corner of a cold chisel until 
50 per cent of it was covered with nicks one-sixteenth 
inch deep, and then washed clean. Specimen No. 8 
was a solid disk 8 inches in diameter and 2 inches 
high. ; 

The specimens were tested by supporting on a 
metal ring having 6-inch diameter hole. A 5-inch 
diameter bearing block was placed upon the speci- 
men and the load applied as indicated in the accom- 

APPARATUS FOR PERMEABILITY TEST 

~\————— WATER PRESSURE 
= 7, 40 CESaren es 

panying sketch. The results of the tests are given 
in the following table: 

TESTS ON SHEARING STRENGTH. 

Age of joint, 14 days. 

| Unit 
Speci- | Aes shear, Percent 
ates TM, : oi ota pounds | strength 
a Treatment of bonding surface. | load per Sheol 

: | square disk. 
inch. 

Nt eae lf. 8,500 268 2 Plain Wetssc..sa:c et caretoas sta eee ae { 9, 600 305 29 

3: ELC] Swashediaceutees a4 S.onee seer eee | 15,770 495 51 

4 }Plain, z;-inch layer cement butter..... { 19° Ae me | 59 

6 5 22, 570 706 7 \pRoughened, wet....+-2.--.--0--sc4c3e4- 4 937830 749 \ 74 

8 | Solid disk: spice Sele ak eee | 83,440 979 100 

It will be seen from the above table that the shear- 
ing strength of the 1:23? 13 concrete used in these 
tests is close to 1,000 pounds per square inch. Fresh 
concrete bonded to an old smooth surface develops 
but 29 per cent of total shearing strength. The 
treatment of the surface against which fresh con- 
crete is to be placed increased the shearing strength 
of the jomt considerably. The hydrochloric-acid 
treated surface developed 51 per cent of the shear- 
ing strength of the solid disk, the coating of cement 
cream 59 per cent, and the roughened surface 74 
per cent. It is possible that a still greater strength 
could have been attained had the latter two treat- 
ments been combined. 

The results of these tests should be conservative, 
as in all cases the outer ring cracked at the time the 
center plug of concrete pushed out. 
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SERIES IV—PERMEABILITY. 

In connection with the above tests it was desired 
to obtain the watertightness of the joints formed by 
the various methods of bonding. <A series of tests 
was run using the shear specimens after the bonded 
joints had aged one day in damp air, three days 
under water, and three days in the air of the labo- 
ratory. The concrete disks were clamped in an 
apparatus shown in the accompanying sketch and a 
water pressure applied to the under side of the 
specimen. A water pressure of 40 ert per 
square inch was applied with the result shown in 
the following table: 

Age of joint, seven days. 

Water pressure of 
40 peru per 

6 square inch. 
peor en Treatment of bonding surface. q 

Applied. | Leakage. 

Hours. | Grams. 

1 \piainwwet. File. @ bl. e at). senee eee eee 1 7.5 
3.) FICI washed ©. 2.243. 28 Sees eeteeace pees 2 5 0 

Plain, ~-inch layer cement butter-........-..-- 2 . 

. Roughened) wetzs-sseecesccesseee ee eee Es sy 

Both specimens 1 and 2, in which the joint was 
untreated except for wetting just previous to adding 
the fresh concrete, showed alent leakage. Specimen 
No. 1 showed leakage at 2 points, apparently from 
small air holes in the rmg. The amount of leakage 
was not weighed, but was slightly in excess of speci- 
men No. 2, which appeared to leak at but one place 
along the joint. Naas of the other specimens 
showed any sign of leakage. The solid disk, speci- 
men No. 8, used in the shear test was not tested for 
permeability, as the results of the other specimens 
indicated the watertightness of the class of concrete 
used. 

VIRGINIA ROAD BUILDING. 

According to State Highway Commissioner George 
P. Coleman, of Virginia, road projects to cost $3,105,- 
929 are either under contract or being surveyed in that 
State. This budget includes road maintenance and 
reconstruction as well as new highway construction 
and the work of convicts, and it is more than double 
any previous annual total for roads in the history of 
Virginia. It has been financed by Federal, State, 
county, and private funds, and is exclusive of what 
counties May spend on roads not embraced in the 
State or county systems. 

In addition to the amount to be expended as out- 
lined, there will be $1,600,000 Federal-aid money 

available this year, which the State has no fund to 

meet. The extent to which individual counties can 
raise funds to meet the requirements under the 
Federal law has not yet been ascertained. 



THE COMMERCIAL SIZES OF 
CRUSHED STONE, AGGREGATES 

A Survey of the Present Practice in the States of Ohio, Kentucky, 
Tennessee, North Carolina, and Georgia 

By F. H. JACKSON, Assistant Testing Engineer, and C. W. MITMAN, formerly Aid in Mineral Technology. 

HE survey of crushing plant practice inaugu- 
rated by the Bureau of Public Roads early in 
1917, for the purpose of securing data to be 

used in the development of a system of standard 
sizes and uniform nomenclature of crushed stone 
products, was continued during the past summer in 
the States of Ohio, Kentucky, Tennessee, North 
Carolina, and Georgia. 

The information secured in the New England and 
Middle Atlantic States during the 1917 survey was 
published in the June, 1918, number of Pustrc 
Roaps, together with a set of proposed tentative 
standard sizes based upon an analysis of the data 
obtained. In the present report the information 
obtained has been arranged in the same manner as 
in the article referred to. The deductions made will 
therefore be comparable. 

PLANTS VISITED. 

Of the 65. stone crushing plants inspected in the 
last field season, 34 are located in the western half 

of the State of Ohio and extend from the edge of 
Lake Erie southward to the Ohio River. Although 
stone-crushing plants can be found in almost 
every county in the western half of Ohio, there 
are certain centers in which activities are more 
or less concentrated. These are in the counties of 
Erie, Sandusky, Lucas, Hancock, Putnam, Allen, 

Franklin, Clark, Montgomery, and Hamilton. At 
least two plants were visited in each one of these 
centers, while in Lucas, Hardin, Montgomery, and 
Allen counties three plants were visited. The rock 
quarried throughout the State is a dolomitic lime- 
stone, occurring in perfectly horizontal beds varying 
in thickness from 3 inches to 5 and 6 feet and lying 
within 6 inches to 2 feet of the surface. 

Six plants were visited in Kentucky, four of which 
are located in the vicinity of Louisville and two in 
the western part of the State. All of the plants 
crush limestone of the same character as that found 
in Ohio. 

Five plants were visited in Tennessee. Four of 
thesé are located within a radius of 20 miles of 
Nashville and one located near Chattanooga. The 
rock crushed is a limestone of good quality when it 
can be obtained free from bands of shale or ‘‘rotten 
rock” as it 1s called locally. 

Six plants were visited in Georgia, all located 
within a 50-mile zone of Atlanta. Three of these 
crushed granite as a by-product to the stone-block 
industry. Two crushed a bastard limestone and one 
a granitic gneiss rock. All the plants visited have 
a small output and (with the exception of one of the 
plants crushing limestone), make crushed stone 
almost an incidental industry. 

Seven crushing plants were visited in North 
Carolina, distributed north and south of an imaginary 
liné extending from Asheville to Raleigh. All the 
plants crush granite rock, two making the crushing 
industry incidental to the stone block and monu- 
mental stone industry. 

PROCEDURE. 

As pointed out in the article in Pusriic Roapvs 
referred to above, the most important element in the 
equipment of a crushing plant, in so far as quality 
of grading is concerned, is the screen. Screening 
methods therefore were given first consideration in 

the study of each plant. The data collected included 
the length over all, diameter, pitch, and speed of 
revolution of each screen, the number of screens in 
operation, and the length and diameter of each sec- 
tion of screen. If gravity or pulsating screens were 
used, their dimension, pitch, and size of holes in 

each compartment was obtained; the nominal 
diameter (or dimensions, if square holes) of each 
section of the screen at the time of inspection was 
recorded, together with the total length of each 
section having the same size holes. In addition, 
information was obtained pertaining to crushing and 
elevating machinery such as would: present a com- 
plete flow sheet of operations. 

The general condition and operation of the plant 
as a Bala was noted and recorded. A record was 
made of each commercial size of crushed stone pro- 
duced, including the name under which each size is 
sold, and the limits in size within which each grade 
is supposed to le. 

Finally, a sample of each commercial grade, avail- 
able at the time of inspection, was obtained, and a 
mechanical analysis of each sample was made on the 
spot. Samples of grades smaller than one-fourth 
inch were mailed to Washington for mechanical 
analysis. The size of sample used in making each 
analysis was based upon the maximum size stone 
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present as recommended by the First Conference of 
State Testing Engineers and Chemists and given in 
United States Department of Agriculture Bulletin 
No. 555. 

TABLE I. 

Diameter of | Approximate 
maximum weight of 
size stone. |sample to use. 

| 

Inches, Pounds, 
0.5 10 
1.0 10 
1.5 10 
2.0 20 
255 40 
3.0 70 
3.5 100 

SCREENING METHODS IN USE. 

All the plants visited are equipped with revolving 
screens, but a few in Ohio have in addition pulsating 
screens installed in various stages of the operation. 
Revolving screens, in the majority of cases, are used 

to obtain the larger sized products, while the smaller 
grades are obtained with the pulsating screens. The 
cost of maintenance of pulsating screens is high and 
as far as could be determined the only reason for 
installing them was that, for a limited space, a 
larger screening area could be obtained as compared 
with the revolving screen. 

In its simplest form the pulsating screen consists 
of two or three rectangular frames constructed of 
wood and hung one beneath the other, each frame 
having a perforated metal or woven-wire screen 
attached to the under side. The three frames are 
in turn hung in a frame work and rocked to and fro 
by means of eccentrics. If a three-tier screen is 
used the upper has the largest perforations and the 
lowest the finest. All grades discharge from the 
screen opposite to the feeding end. These screens 
may be set either in a horizontal position or may be 
inclined, combining, in the latter case, the principles 
of the gravity screen and pulsating screen. 

GENERAL RESULTS OBTAINED. 

In discussing the results obtained during the last 
field season the same general order will be followed 
as in the original report. The tables included have 
therefore been arranged in the same form, and give 
relatively the same information as the corresponding 
tables in the first report. 

In Table IT the results of the mechanical analyses 
of the crushed stone products of the plants visited 
are given, together with those factors in screen 
design and operation which might presumably 
influence the actual sizes of the products. An 
analysis of these results leads, in general, to the 
same conclusions as were noted last year. Thus, 
variations in pitch and speed of revolving screens, 
contrary to the general idea, appear to affect the 
grading very little. Likewise, it may be noted that, 
except in a very general way, the dimensions of the 
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screens themselves have little influence on the sizes 
of the products. This, of course, does not mean that, 
in any individual case, the diameter, pitch, or speed 
of the screen does not influence the grading of the 
material produced. It does seem to indicate, how- 
ever, that there are other influences at work which 

overshadow the effect of these variables. 
As has been previously pointed out, the rate of 

feeding the stone into the screen, which, of course, 
varies continually during the screening operation and 
therefore can not be recorded, probably influences 
the grading to a marked degree. 

OHIO REQUIREMENTS STANDARD. 

In Ohio, practically all the operators are producing 
stone nominally in accordance with the State require- 
ments for size. These requirements have been 
standard for some years, and, inasmuch as limestone 
is quarried throughout the State under practically 
the same conditions, it would seem that to produce 
these sizes revolving screens of the same diameter of 
perforations should be used in the various plants. 
As a matter of fact, Table I shows that this is far 
from true. For instance, of the 12 plants in the 
State producing the Ohio No. 1 standard size lime- 
stone (24-34 inches or 24-4 inches), or its equivalent, 

by means of revolving screens, one plant has 2-inch 
holes in its screen retaining the product, two plants 
have 21-inch holes, six have 24-inch holes, two have 
23-inch holes and one has 83-inch holes. Likewise, in 

the case of the No. 2 Ohio standard size (24-14 

inches), in the 11 plants producing this material the 
same relative variations in size of perforation may 
be noted. 
How these variations in plant installation affect 

the actual sizes of the product may be gathered from 
the tabulated mechanical analyses and will be dis- 
cussed later. Suffice to say that even in a State 
where standard sizes for broken stone used in road 
construction have been in use for a number of years, 
revolving screens with 13 different sizes of holes are 
used to produce three grades of stone. 

SCREENING EFFICIENCY GREATER. 

For the purpose of making comparisons between 
the nominal and actual sizes of product, Table III 
was prepared. This table is exactly the same in 
form as Table IV in last year’s report. The inter- 
pretation of the results obtained therefore may be 
made in a similar manner. 

It is interesting to note that the average efficiency 
of screening operations is somewhat greater among 
the plants visited this year than among those in New 
England and the Middle Atlantic States. As 
recorded in the original report, 34 per cent of all the 
plants visited in 1917 produced the ordinary com- 
mercial sizes with less than 5 per cent variations 
from the nominal size of perforations in their retain- 
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1-M.|..... (6 Ce actos 14-inch stone....... 1s 14 5 | 42inches| 5 | 42inches| 2 BNE See ciel (h fel) dedotel factual eee [ears 
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10-M..|..... dove Saal sae & dO Ssacn st Se ase 14 18 8| 48inches| 8 |...do..... 23 1 SSD A740 speeds ses A 
12-M.|..... done. ee ee One ese: 14 18 4| 36inches} 4 | 36inches| 24 | Peel eretea | eA 7e lp Sa (PL on ml ons 
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27S Ole GOs ee eae WOsMerwrecsace: 14 20 16 | 26inches! 12 | 48inches|] 14 alse ealews Nee sale e Ooi Tella as, 
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5-M.|..... domeee: INOgS cer estieen ese Bu 18 10 | 72inches| 10 | 72inches| 2 Teck Glon cel eae | Os] MOI eh eae oa 
D—Maies ace dongs. INOwAR eee a sece cs nce 14 18 LO eed Ores] 8 | 84inches| 14 a PST (eae ee il asst ead dee 
TM) 5 ec dOzeeen l-inch stone........ 2 18 3 | 36inches| 6 | 36inches 13 i eers seme lass ton oon ee cul am Olle eerste 
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12-M.}..... GOnsetaieeecc (Aa Bene oee 14 18 4 | 36inches| 6 | 2 se! et a 14 A a fete _|..--| 36 | 40} 24 Gravity screen. 

wide. 
13-M.|....- aKa) Aa | re Ose s sesee cies BOTN See stiaas 10 | 5 eet Git essdO.. sa: Ly Li ee eee eee al serene LOM ial 4ollece sth LUCIO sm shaker 
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1 Square. 2 Horizontal shaker. 
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TABLE II—Continued. 

KENTUCKY. 
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ayimeasiotis: es Mechanical analysis. 

‘Pitch S ing | $ thiol f, Sa eee PA | Pitch, creen passing | Screen retain- | 4 : A Per cent between— H 
TF Ty inches} Speed, roduct. ing product. | ‘7 : D oF 
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Feet. hte . " In. In. : 
35-M.| Limestone.| Coarse stone....-..-.- 1 S| See. Sollee Meets = = 36inches|...... 23.67 30) hee -= 
Bet I dal. cle on ee oe 1 15| 2 | 36inches| 12 |...do....| 24 | 1. | 21] 49/14] 13] 3 
STEM |e dossema | 21-inch stone.....-- ie owe te 15 D Pins <A steele Ot ers LO stare in Toe 145) 6 | 39 27/123 1 5 Say, 
40-M.|....- Goyecee Ballastentcocercceee 14 18 8 | 40inches| 20 |..-do...- 24 3. P| PRAY DES RENIN Sewell As} Epo 
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SoMa = 2 doves: PINGS eee seen 14 LOR LZ Bleed Oseeee 8 | 48inches 14 a]. weal We taF lbeadGGh. santos 3 
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50-M.| Limestone.| 14-inch stone...-.... 1 21 | 10 | 60inches 4 | 72inches 1? S|. Us eh fe Ga Le | bs u 
47-M .| Granite....| Saueegee......:..-- 14 15 4 | 48inches 3 | 60inches 4 % |. 2 | 11 | 68) 23 
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58-M..| Granite...., 24-inch stone....... 14 16 4 | 48inches 4 | 48inches 3 24 23 | 66 | 11 
58-M.|..... donee 2-inch stone........ 14 16 AG: Saconeess AGA Sd Olt sc 24 2 2/40] 50] 8 
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56-M..| Granite....|..... dota eee 14 16 8 | 40inches| (1) (t) 1 4]. 2| 8| 39) 45) 6 
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1 Gravity. 

ing screens. Table III shows that 37 per cent of the 
plants visited in 1918 produced stone within this 
limit of variation. Again, whereas approximately 
one-half of all the plants inspected in 1917 showed 
less than 10 per cent variation from the nominal 
sizes, 62 per cent of the operations studied in 1918 
were equally as efficient. This latter average is 
is raised considerably by reason of the very efficient 

grading observed in the States of North Carolina 
and Georgia. The average results for the State of 
Ohio are practically the same as were obtained 
during 1917. 

Reference to Table IT will show in a few instances 
samples which contained a certain amount of stone 
larger than the perforations of the plant screen 
through which the stone was supposed to pass. The 



reasons for these discrepancies are the same as 
brought out in the previous article, namely, faulty 
chute construction, overflowing bins, etc. 

SPECIFICATIONS PURELY THEORETICAL. 

As explained in last year’s report, the reason for 
analyzing the data obtained in this manner is to 
secure figures based on actual screening operations, 
which might be used in framing practical specifica- 
tions for stone sizes. The average specification cov- 
ering the size of crushed stone products is purely 
theoretical. It usually requires stone graded _be- 
tween certain fixed limits without any allowance for 
imperfect screening. It is the custom, therefore, of 

most operators to use screens with openings slightly 
larger than those specified, so as to obtain approx- 
imately the sizes desired. This custom results in 
the production of more or less indefinitely graded 
products, which sometimes do, but much more fre- 

quently do not, meet the letter of the specification. 
A study of the results given in Table I will show to 
what extent this is true. 

It was in order that operators might be able to 
use screens with perforations the sizes specified and 
still secure, with reasonable care, products which 

conform to definite specification requirements that 
the system of tolerances given in the June, 1918, 
number of PuBLtic Roaps was suggested. This sys- 
tem calls, in general, for products graded between 
certain fixed limits as determined by laboratory 
screens, but allows as much as 5 per cent to be 
retained on the larger screen, and as much as 15 per 
cent to pass the smaller screen. It also provides, in 
general, that not less than 25 per cent nor more than 
75 per cent shall be retained on a screen with perfor- 
ations of as nearly as possible an exact intermediate 
size. 

TOLERANCES SHOULD NOT BE REDUCED. 
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It was felt that for most types of construction in 
which broken stone is used, products meeting this 
specification would be satisfactory. They would, 
moreover, be literally meeting the specification and 
at the. same time would possess the advantage of 
being practical from the standpoint of the operator. 
This system of specifying has been used in New 
York State for a number of years. The only other 
scheme which has been proposed to care for the situ- 
ation is the one in use by the State of Pennsylvania. 
In the specifications of this State, revolving plant 
screens are used as the basis for determining the ° 
sizes required. The results of using this method, 
insofar as the actual grading of the products obtained 
is concerned, has been previously discussed. 

The information obtained during the 1918 survey 
would indicate that, from the standpoint of present 
efficiency in production, the tolerances suggested 
ast year may not be reduced without eliminating 

the products of a considerable proportion of the 
plants involved. Before considering a more rigid 
specification, it is therefore necessary to presuppose 
increased efficiency in operation. Whether the in- 
creased cost involved in increasing efficiency would 
be justified is a question. In the opinion of the 
writers it could only be justified in cases where 
exceptionally well-graded stone is required. 

UNIFORMITY IN NOMENCLATURE. 

Referring again to Table IT, it will be noted that, 
with the exception of the State of Ohio, there is 
practically no uniformity in the nomenclature used 
in designating crushed-stone products. The State 
of Ohio has, for some years, used a standard system 
of stone sizes, each size being designated by a num- 
ber. The majority of the crushing plants in Ohio 
which were visited use the State system of numbers 
in designating their product. This is about as far, 
however, as the uniformity extends, because even 

the operators who use the same nomenclature do 
not always use the same screens for obtaining nom- 
inally the same product, nor do the products them- 
selves have always the same grading. This latter 
point is brought out in Table IV, in which the actual 
sizes of crushed-stone products sold by plants 
using the State nomenclature are compared. 

That portion of the mechanical analysis included 
between the vertical lines in each subdivision gives 
the proportion of the total product which meets the 
State requirements for size. Some extremely wide 
variations from the State requirements are shown. 
The general tendency is to produce larger stone than 
that specified. This table shows that just 3 out of 
the 35 products indicated meet the State require- 
ments for size as called for by the number under 
which each is sold. In the writers’ opinion, this 
table furnishes about as convincing an argument 
against the practice of specifying definite limits for 
stone sizes as could be desired. 

One point in connection with the standardization 
of stone sizes which has not been discussed is the 
effect of character of stone on the maximum size 
allowable in various types of construction. It is 
recognized, for instance, that the sizes should be 
somewhat larger in the case of limestone than where 
granite or trap is used. It may be necessary, there- 
fore, to modify the proposed system ot sizes to cover 
this point. 

GENERAL CONCLUSIONS AND SUGGESTIONS. 

As a result of the field investigations carried on 
during the past summer it is possible to indorse the 
eight conclusions summarized in the article appear- 
ing in the June, 1918, number of Pusiic Roaps. 
It is felt that the necessity for standardizing stone 
sizes has been demonstrated. It is recognized by 
both producer and consumer alike, and in the 



writer’s. opinion it should*be' possible very soon to 
reach some basis of understanding along the lines 
indicated which will result in the general adoption 
of a series of standard sizes to be used throughout 
the country. Numerous operators in the course of 
these investigations have stated that if a standard 
system of sizes were adopted they would be able to 
turn out a better grade of product than is now pos- 
sible. 

The ideal crushing and screening plant operation 
is one in which the crusher is always crushing stone, 
the elevator is always elevating stone, and the screen 
is always receiving and screening a fixed quantity 
of stone. It is of course practically impossible to 
keep the crusher operating continuously, so that 
there are always intermittent periods when the 
screen is running practically empty. At other pe- 
riods it is heavily loaded, and between the two ex- 
tremes the amount of stone in the screen is con- 
stantly fluctuating. This is undoubtedly one of the 
principal reasons for variations in the grading of 
the screened products. To remedy this condition, 
it might be found advantageous to install a hopper 
at the charging end of the screen from which stone 
could be fed at a definite rate into the screen. 
Knowing the rate of feed of stone from the nopper 
to the screen, the speed and pitch of the latter can 
be adjusted so as to insure the very best possible 
grading. The size of the hopper need not be larger 
than is necessary to secure a constant supply of 
stone from the screen, even should the crusher run 
idle for a few moments. ‘The elevator would of 
course discharge stone directly ito the hopper 
instead of into the screen. 

NEW JERSEY’S 1920 PROGRAM. 

State Highway Commissioner Thompson, of New 
Jersey, has submitted to the State commission a 
tentative construction plan for 1920. It proposes the 
building of 61 miles of State highways, at an esti- 
mated cost of $4,107,688, with $150,000 additional 
for rights of way. The construction work planned 
for the present season, including both the 1918 and 
the 1919 programs, amounts to 100 miles. Commis- 
sioner Thompson regards the estimates as conserva- 
tive, and that they probably exceed considerably 
the actual cost of construction, as they make no 
allowance for decreased cost of labor and materials. 

The commissioner estimated that on March 31 the 
net available assets at the command of the high- 
way department were $10,493,366, from which 
amounts, for administration, outstanding contracts, 
the estimated cost of the 1919 program, and other 
expenses, aggregates $5,894,263. This will leave 
$4,599,104 for the 1920 construction. 

FROM AUTOMOBILE LICENSES. 

The fees for automobile licenses will materially 
increase the road funds in Massachusetts this year. 
The commissioner in charge of licenses estimates 
that the year’s receipts will amount to about 
$2,500,000. All the fund above the expenses of the 
department will be available for highway work. 
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TABLE Ill. 

Efficiency of plant screening. 

Proportion of plants 
showing the following 
variations from nomi- 

N nal size. o 

Oeats here Approximate size of 
‘ ; Tanita product. 

as Less | Less | Less | ovr 
than | than | than 15 per 
5 per }10 per|15 per abe 
cent. | cent. | cent. ‘ 

OiO3 422 feseeeee 15 |p4 toi2h inches... -. 22.852 heed 68 74 26 
19 | 24 to 1} inches........... eri 42 63 37 
16% Leos inch Pees eee. s- 31 50 63 37 
22) ApeRb Osten Ch ee aise tee mea ee ae 50 68 73 27 

72 Average........... 33 57 68 32 

Georgia.......-.-. 3 | Sto ih inches a see eee 67 | 100] 100|...... 
AN ls tos inCh tence so. se eee 25 75 75 25 
Cag ME i oye Ps uate bh Seer ee SSSR 67 67 67 33 

13 AV CLAS Cneeea acme 54 77 77 23 

North Carolina... 7 | 2} to 14 inches. ........-. 43] 57 |. Oneal 
Zee toa inch gasssse eee 43 if! 100 0 
aly Suto) eonel ve SoBe see enon 25 | 100} 100 0 

18 TA ViOlae Cree seeeees 39 72 92 8 

103 General average...| 37 62 73 27 

TABLE IV. 

Mechanical analysis. 

Planiknoee oe Per cent between— Pat 

No. as— eoat are T cent 

over 3} 3 and |23and| 2 and |,, and |4and under 
inches.| 23 | 2 ee a ee 

inches.|inches.|inches.| ! 12¢2-) 4 inch.) inch. | inch, | Ch. 

SP aNS Mose 40 28 SA ee oie all Ac cain) Seta tec ORs ee ae eee | 
ie Ae al eee ee 52 36 LD dts cee see SA eee a ee 
LO gcc 18 82 tee Oeste eae ee ee ae ee 
LUE AAS eee 73 23 RS Cen See SA eS oe ae 
oe eae ih 34 30 30 GM jze Sete | Sega tatell Ore Shoes haters ce eee 
13 2 eee acces 36 40 2 SPS ELEN (iia Gee sere IP ey css 
UE et sci sora 82 13 Tae ree Ele eacreser esl Perea Nig ees sheet 
PAD ES. epee a re i 47 44 Dic shoe el SSR che cel seem Seat Otere le eee | eee 
ibe Oey ellen ore 87 1S) | cone salen eel) Son calle ttg |e ee ee 
23. i Peccleaue nese 75 Adi | semes el Soe. SE A NA SELF ee ee ee 

| 
Fp Se te Paes eel ees SSeS ee 38 56 Os Use. Sead | See eee 
UA ee ees eee ei eee 6 91 BD bowie a] ee acolo ae eee ee 
HOS al klce haleca eee 12 47 40 ALCS ESN Ss SR ee 
12s stefeletl gee cease ee ace eee 47 33 19 {Ree inca ee Sa 
LS as3 Dare sees il 60 29) Noss Le 2 ee ee eee 
13 aie dl eee oc eee eee 36 47 12 By I seresechellerepetormes| See 

37 DA Wee Sees cimotee laeioe eal eee 
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THE MAN WHO SAVES. 

He erects a bulwark against sickness or adversity. 
. He builds a bridge to the better job. 

He takes in hand a tool to grasp opportunity. 
He sets up a ladder to climb in the world. 
He gains control over money and things. 
He trains himself for growing responsibility. 
He Buys War Savings Stamps. 

AB bn | gis Ferrey, 



ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 
NOT E.—A pplication 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. he Department can not undertake to supply 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, under 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 Superintendent of Documents, 
who is not authorized to furnish publications free. In applying for these publications 
the name ‘of the series as well as the number of the publication should be given, as 
“Bureau of Public Roads Bulletin No. 32.” 

REPORTS 

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. 

OFFICE OF PUBLIC ROADS BULLETINS. 

*Bul. 28. The Decomposition of the Feldspars (1903) = 10e. 
32. Public Road Mileage Revenues and Expenditures in 

the United States in 1904. 1dc. 
Examination and classification of Rocks for Road 

Building, including Physical Properties of Rocks 
with Reference to Their Mineral Composition and 
Structure. (1911.) 1d5c. 

Highway Bridges and Culverts. (1912.) 5c. 
Data for Use in Designing Culverts and Short-span 

Bridges. (19138.) dc. 
Repair and Maintenance of Highways (1913). 

DEPARTMENT BULLETINS. 

*Dept. Bul. 53. Object-Lesson and Experimental Roads and 
Bridge Construction of the U. 8S. Office of 
Public Roads, 1912-13. 5c. 

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

136. Highway Bonds. 
220. Descriptive Catalogue of Road Models of Office 

of Public Roads. 
Oil Mixed Portland Cement Concrete. 
Portland Cement Concrete Pavements for Coun- 

try Roads. 
Progress Report of Experiments in Dust Pre- 

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

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

eS. 

*43. 
¥45 

*48, 1dc. 

105. 

230. 
249, 

257. 

*284. 

314. Methods for the Examination of Bituminous 
Road Materials. 

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

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

370. The Results of Physical Tests of Road-Build- 
ing Rock. 

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 

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

summary. 
393 Economic Surveys of County Highway Im- 

provement. 
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. 

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

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

*Department supply exhausted 

Dept. Bul. 660. Highway Cost Keeping. 
670. The Results of Physical Tests of Road-Building 

Rock in 1916 and 1917. . 
Typical Specifications for Bituminous Road 

Materials. 
704. Typical Specifications for Nonbituminous Road 

Materials. 
Drainage Methods and Foundations for County 

Roads. 

OFFICE OF PUBLIC ROADS CIRCULARS. 

691. 

724, 

Cir. 89. 

*90. 

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

Progress Report of Experiments in Dust Prevention, 
Road Preservation, and Road Construction 1908. 5c. 

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

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

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

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. 

*92. 

*94., 

*99.. 

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

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

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 
1917. 

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. 

72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Harth 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. 

77. Experimental Roads in the Vicinity of Wash- 
ington, D.C. 

FARMERS’ BULLETIN. 

F. B. 338. Macadam Roads. 
505. Benefits of Improved Roads. 
597. The Road Drag. 

YEARBOOK SEPARATES. 

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

727. Design of Public Roads. 
739. Federal Aid to Highways. 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH. 

5, No. 17, D-2. 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 
Concrete Roads. 

A New Fenetration Needle for Use in 
Testing Bituminous Materials. 

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. 
lic. 

Toughness of Bituminous Aggregates. 
Tests of a Large-Sized Reinforced-Con- 

crete Slab Subjected to LEccentrie 
Concentrated Loads. 

Vol. 

Vol. 

Vol. 

Vol. 

Vol. 

5, No. 19, D-3. 

5, No. 20, D4. 

5, No. 24, D-6. 

6, No. 6, D-8. 

*Vol. 10, No. 5, D-12. 

Vol. 10. No. 7, D-13. 
Vol. 11, No 10, D-15. 

*Department supply exhausted. 
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