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TRANSPORTATION OF MILK BY MOTOR TRUCK 
RESULTS OF A SURVEY OF MILK TRANSPORTATION FOR EIGHT LARGE CITIES 

BY HENRY R. TRUMBOWER, ECONOMIST, U. S. BUREAU OF PUBLIC ROADS! 

Delivery of milk by motor truck has greatly increased in volume in recent years. 

N THE early days milk was transported but short 
distances from thefarms where it was produced to 
the consumers living in towns and cities. The area 

in which a city’s milk supply was produced, known as 
its milk shed, was Cee restricted as the horse and 
wagon was the customary means of bringing the milk 
into the city. Railroad shipments of milk did not 
begin until about 1838 when Boston began to be sup- 
plied by this new means of transportation.? These rail- 
road shipments began in almost all cases by the carry- 
ing of a few cans of milk on the front platform of a 
baggage car. 

e increase in the population of the larger cities 
was such that the farming territory from which the 
milk could be hauled by horse and wagon was no 

- longer capable of furnishing all of the supply demanded 
by these large centers of population. Milk was still 
brought in over the country roads from near-by farms, 
but the larger portion of the supply came by rail from 
more distant production areas. After the advent of 
electric interurban railroads these were used in many 
cases to bring in milk which had formerly been hauled 
by the steam railroads or milk which had been taken 
to the city by wagon. 

HIGHWAY TRANSPORTATION NOW THE MOST IMPORTANT AGENCY 
FOR MILK DELIVERY TO LARGE CITIES 

The use of the motor truck over improved highways 
has brought about a complete change in conditions. 
Except for the largest cities of the country the motor 
truck has now become the important agency in trans- 
porting milk from the producers to the city distributors 
and retailers. In order to determine to what extent 
the motor truck is used in bringing milk into the cities 
over the highways a survey and investigation of the 
transportation of milk by motor truck has been made 
covering this situation in a number of representative 
cities. The cities selected are Baltimore, Philadelphia, 

1 The field work on which this report is based was performed by E. L. Browne, 
Agricultural Economist, U. 8S. Bureau of Public Roads. 

? Parker, H. N., City Milk Supply, 1917. 

106027—24}——1 

Direct movement from producer to city distributor is one of the principal 
advantages of this method of transportation 

Cincinnati, Detroit, Milwaukee, St. Paul, Minneapolis, 
and Indianapolis. In all of these cities except Balti. 
more and Philadelphia, motor trucks transport approxi- 
mately 90 per cent of all the milk received. Philadel- 
phia, which is the largest of the cities surveyed, received 
only 20 per cent of its milk by motor truck. The pro- 
portion of Philadelphia’s total supply which is shipped 
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operate 

in by motor truck has been increasing in the last few 
years, but the percentage is low because the city, on 
account of its heavy demands, draws its supply from 
such a large area in which the shipping aavanies 
become too great for motor truck Panlthe® Milwau- 
kee and Cincinnati obtain almost their whole milk 
supply by motor truck. 
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SUMMARY OF PRACTICE IN MILK TRANSPORTATION 

For the eight cities studied a total of 633 motor 
trucks were engaged in the transportation of milk; 
65.6 per cent of these trucks operated within the 0-29 
mile zone; 27.6 per cent in the 30-49 mile zone; and 
the rest, 6.8 per cent, traveled routes 50 miles and over 
in length. <A large part of this movement is over com- 
paratively short distances. In a number of cities the 
use of the motor tiuck has tended to draw in the 
boundaries of the city’s milk shed and has stimulated 
the dairy industry in sections closer to the city because 
of the more convenient method of transportation. 

_ The motor trucks engaged in this business are for 
the most part of the smaller capacity type; the 1 to 2 
ton trucks constitute 57.1 per cent of the total number. 
The trucks over 4-ton capacity amount to only 7.3 
per cent. Detroit is the only city which shows a very 
large development in the use of the tank truck. This 
type of equipment is used only in connection with the 
transportation of milk from receiving or collecting 
plants in the country to the city dairies and is usually 
operated over fairly long routes. It is not adapted for 
use in connection with pick-up movements. 

There is a lack of uniformity in the rates charged by 
the motor trucks for this service. In each city there 
are independent tiuck operators charging different 
rates for hauling the same distance. When a rate 
comparison is attempted for the several cities even 
greater differentials are noted. In individual cases 
truck operators will charge higher rates where the 
whole route or a part of it is over poor or unimproved 
roads. This differential in most cases ranges between 
5 and 6 cents per 100 pounds. For distances from 30 
to 39 miles the motor truck rate ranges from 35 cents 
to 40 cents per 100 pounds, or the equivalent of about 
20 cents per ton-mile. For shorter distances the rate 
is higher. It is the uniform practice for the rate 
charged to include the return movement of empty 
cans. In very few cases has any attempt been made 
by motor truck operators to develop return loads of 
merchandise and other commodities destined for points 
in the country. 

The operation of the motor trucks engaged in this 
traffic is almost wholly in the hands of individuals 
owning one or two trucks who live in rural sections 
where the milk is produced. Very few of the city 

Le) 

dairy companies and city retailers have taken up the 
task of transporting milk from the country to the a 
Only in cases where they operate receiving stations do 
they perform any of this hauling themselves or engage 
motor-truck transportation concerns to do it for them 
by contract. 

Where railroad rates were compared with motor- 
truck rates it was usually found that the motor-truck 
rates were the same as the railroad rates or somewhat 
higher. Even though the truck rates are higher the 
tendency is to ship by motor trucks where the distances 
are not too great for trucks to operate. Use of the 
motor truck in shipping milk eliminates the city ter- 
minal transportation costs which have to be met where 
shipments are made by railroad. The milk producer 
is also saved the cost and time which is involved where 
he is required to take his milk to the rural railroad sta- 
tions if he can ship directly from his farm by motor 
truck. 

Cooperative transportation organizations have not 
been developed to any great extent in the areas sur- 
rounding cities studied in this investigation. The only 
motor trucks operated by farmers upon a cooperative 
basis were found in the Baltimore area where several 
organizations of this kind have entered this field and 
made a success of it. 

TRUCK TRANSPORTATION IN BALTIMORE AREA HAS INCREASED 
STEADILY SINCE 1915 

In 1915, according to the records of the health 
department, Baltimore received approximately 25 per 
cent of its milk supply by wagons and motor trucks 
operating over the highways from producing centers 
close by, and 75 per cent was received over the lines of 
several railroads. Prior to that time trucks had not 
entered the field. The amount of milk brought into 
Baltimore by these several means of transportation for 
He period 1912-1923 is shown in the following tabu- 
ation: 

Milk transportation into Baltimore by railroad, wagon, and motor 
truck for the years 1912-1923 

Railroad Wagon Motor truck 

e | Total 
Year Per Per Per 

Amount | cent | Amount | cent | Amount | cent for year 
for year of for year of for year of 

total | total total 

Gallons Gallons Gallons | Gallons 
1012 > eee ee 8, 862, 868 80 | 2, 190, 000 D0" eee as Se) ae 11, 052, 858 
1913 eer 9, 345, 860 81 | 2,190, 000 19. Vets oe = cert aie 11, 535, 860 
1914s Semen 9, 728, 718 84 | 1,825, 000 TGs |e ee: Se ee 11, 548, 718 
ae ARs oe tat Ee 9, 525, 707 76 | 2,190, 000 17 751, 990 | 7 | 12,467, 697 
OIG sees eee 9, 305, 778 73 | 1,825, 000 14 | 1,649,225 13] 12,780,003 
1OV (esa ee 8,990,850 | 72} 1,825, 000 14 | 1,748,847 14 | 12, 564, 697 
LOTS eee, 10, 146, 237 73 | 1,825, 000 14 | 1,747,370 13 | 13, 718, 607 
19019: 32 ee 10, 866, 692 70 | 1,825, 000 12 | 2,798, 540 18 | 15, 490, 232 
1920 ae 12, 002,655 | 65 | 1, 825, 000 10 | 4, 507, 612 25 | 18, 335, 267 
es eae 12, 219, 462 68k 28 a ee 3; Dia,aee 32 | 17,792, 787 - 
1922 RNP a 12, 055, 906 B45 25 eee ese 6, 736, 675 36 | 18, 792, 581 
1923 3o0o ere 10, 940, 107 55) leis os eee ea 8, 944, 285 45 | 19, 884, 392 

The amount of milk brought in by wagon was of 
necessity estimated; but the motor-truck and railroad 
shipments appear to be accurately reported. The 
amount of milk shipped by railroad increased steadily 
until a maximum was reached in 1921; since then there 
has been a noticeable decline. Consumption of milk 
in the city has increased each year, reaching a total 
of 19,884,392 gallons in 1923. Of this amount 45 per 
cent was transported by motor truck from near-by 
producing points and 55 per cent was shipped by 
railroad. Since 1920 the milk brought in by wagon has 

whe 
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Map of Baltimore milk shed showing routes and mileage zones. 

become a negligible quantity. In 1923 practically the 
same amount was shipped by railroad as in 1919 yet 
the consumption had increased by more than 4,000,000 
gallons. The burden of supplying the increased con- 
sumption has been taken up by the motor truck. The 
tendency is for the motor truck to bring in a larger and 
larger percentage of the city’s total milk supply. 

ZONES OF OPERATION AND KINDS OF TRUCKS USED 

At the close of 1923 there were 41 motor trucks 
engaged in the transportation of milk which brought 
in an average total of 23,720 gallons of milk a day. 
The distances over which these trucks operated ranged 
from 6 miles to 53 miles. In the following table are 
shown the number of trucks and also the mileage 
zones. 

| 

Number | Number 
Zone of trucks Per cent | Zone Brrriclcs Per cent 

Miles | Miles 
Sth oS Sa ii it DAtra O 4006 i>. ie ee 15 36. 6 
UES os ee 4 OES MOU 00 ase = 2 ee 1 2.4 
LSS oe ae 13 SAL 
aa 7 17.1 | Totalseseee e | 41 100. 0 

It is noteworthy that only five trucks, or about 12 
per cent, come from points less than 20 miles away. 
Approximately 85 per cent of the trucks come from 
points 20 to 49 miles distant; only one truck has its 
point of origin over 50 miles distant. A study of the 
character of the agricultural land tributary to the 
Baltimore market indicates that the farm lands be- 
yond the 20-mile zone lend themselves more readily 
to the dairy industry and the production of milk. 
This seems to account, at least partially, for the con- 
centration of the industry in these more or less distant 
zones. 

The motor trucks engaged in this kind of trans- 
portation are of varying capacities, ranging from 1 
ton to 5 tons. There are one or two trucks of three- 
fourth-ton capacity used as feeder trucks in eee 
milk in from side roads to the main highways where 
the milk is picked up by the larger trucks which run 
all the way into the city. A complete classification of 
trucks as to their capacities is shown in the follow- 
ing table, 

[era] VLD Pec 
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Classification by capacity of trucks operating in Baltimore area 

aa | 

Capacity Number | Per cent Capacity Number | Per cent 

= a 2 a 1 a ea 

Tons | | Tons 
ih te se See es 3 | 7.3 || 34 ey | 2.4 
Lge ees 5 Oy ee Sana See 4 9.8 
Oe ee oe 5 | LQROn45 yee LUA AE 8 | 19.6 
Dee. See 3 7.3 | —_—|______— 
Soe eee. eee | 12 | 29, 2 | AMON ne Sas 4] 100. 0 

|| 

The largest number of trucks of any one capacity is 
found in the 3-ton class; 12 trucks compose this class 
or 29.2 per cent of the total number. Approximately 
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two-thirds of all the trucks are of 3-ton capacity and 
less. Heavy trucks of 4 and 5 ton capacity are not 
used as extensively in this type of hauling as trucks of 
lighter weight and capacity. 

It is of interest to ascertain to what extent the 
trucks of large and of small capacities are used in the 
several mileage zones. In making this comparison the 
trucks are grouped into three classes; trucks from 1 to 
14 ton capacity, 2 to 34 ton capacity, and 4 to 5 ton 
capacity. 

Motor trucks of different capacities in various mileage zones— 
Baltimore 

1 to 14 ton 2 to 34 ton 4 to 5 ton 

Mileage zone ——~— 

| Number | Per cent | Number | Per cent Number | Per cent 

ee et ee ee —|————|— % 

(20 eee eae eee 1 | 100). Se ssa Bet oes Ce ene ee ee 
10-19_ 2 | BOA 3 Re aes ere ee 2 50 
0520 0 Se eres 8, 523.8 8 61.6 2 15.3 
80-50 ee 2 | 28. 6 5 | Cl Ae 5 cee Mea er 
40-40) aoe eae es ee, & cae 2 8 53.3 7 46. 7 
050 2s Se dee Seabee eee sea Ion oe a oie ee | ee 1 100. 0 

Tt is the tendency to use trucks of large capacity for 
the longer hauls. Of the trucks of 4 to 5 ton capacity, 
eight are used in the zones of 40 miles and over, while 
only four are used in the zones up to 80 miles. The 
trucks of 2 to 34 ton capacity, of which there are the 
largest number, operate in the 20-50 mile zone. The 
trucks of smaller capacity are used only within the 
40-mile zone. The trucks of larger capacity can ordi- 
narily be operated over a greater distance more econom- 
ically because there are certain items of expense, chief 
of which is labor, which are approximately the same 
regardless of the distance and the capacity of the truck. 

COVERED TRUCKS USED TO MEET HEALTH DEPARTMENT RULES 

Of the 41 trucks operating in the Baltimore area, 
39 are equipped with solid tires; one truck is fully 
equipped with pneumatic tires and one has pneumatic 
tires on the front wheels. The types of bodies used 
on the milk trucks have largely changed from the open 
stake body to the van or enclosed type, principally on 
account of the requirements of the city health depart- 
ment. The rules of the health department provide 
that the milk cans shall not be exposed to the sun or 
dust in transit or while the milk is standing on the 
platforms awaiting the arrival of the truck. While a 
complete covering of the cans in transit with a heavy 
canvas meets the requirements, nevertheless a majority 
of the trucks are of the inclosed type. Out of the 41 
motor trucks engaged in this kind of hauling, 30 are 
of the van type, 8 have open bodies, and 3 are tank 
trucks. The fact that a considerable number of the 
trucks engaged in the transportation of milk are also 
used in the return load movement is another reason 
for the preponderance of the van type of truck. Where 
various kinds of merchandise make up the return load, 
a truck with an inclosed body has advantages over a 
truck with an open or a stake body. 

The health department’s order also requires covered 
loading peu in the country where the trucks 
receive the milk from the farmers. These platforms 
are built at convenient intervals along the highway 
covered by the truck routes. Where it is possible one 
platform is built to accommodate several producers, 
thereby eliminating the too-frequent stopping of the 
tiuck. ‘Tiucks were at first loaded from the rear by 
backing up to the loading platforms and dropping down 

the end gate. This method was satisfactory where 
there was sufficient space to back the truck around, but 
difficulties were encountered on narrow highways. 
Recently the idea of a side gate or a side door in the 
truck body has been developed and is rapidly gaining 
favor with motor-truck operators because of the greater 
ease and saving of time in loading, and also because of 
the greater ease in unloading in the narrow streets and 
alleys adjoining the city milk plants. The use of side 
gates also facilitates the handling of the empty cans in 
connection with a return load of merchandise; the 
empty cans can be distributed more easily along the 
route without disturbing or rearranging the return load 
of freight. The empty cans are piled on their sides the 
full height of the truck at one end of the body, leaving 
the maximum amount of room for freight. Some of the 
trucks have the side gates on the right side only; others 
have them on both sides. Icing of milk hauled by 
motor trucks in the summer months has never been 
practiced to any great extent, although a 14-ton truck 
iced during the entire summer of 1923 brought very 
gratifying results. The bacteria count was grea 
reduced and practically no sour milk had to be returned. 

At the present time only three tank trucks are oper- 
ated regularly in the Baltimore territory. These are 
used by two large city dairies in hauling milk from sey- 
eral of their receiving stations in the country to their 
city plants. 
are mounted on 3-ton and 5-ton chasses. The use of 
this class of equipment is limited to the transporting of 
milk from country receiving stations to city plants. In 
the Baltimore area most of the milk shipped by motor 
truck is sent directly from the producer to the cit 
distributor, which accounts for the fact that the tan 
truck is not used to a greater extent. 

FOUR CLASSES OF Nae Sapte Pages SAN ASE IN MILK TRANSPORTA- 

The owners and operators of trucks engaged in the 
transportation of milk can be divided into four classes. 
First, those individuals and companies which oper- 
ate their trucks as common carriers under permits 
secured from the public service commission; second, 
milk producers organized as cooperative associations 
for the purpose of transporting and marketing their 
milk; third, individuals who buy milk from producers 
and transport it and sell it to city dealers; fourth, retail 
dealers and dairies who collect milk directly or through 
receiving stations from producers and distribute it 
through their own organizations. This classification is 
shown in the following table both as to the number of 
owners and operators comprising each group and the 
number of trucks in operation. 

Number of operators in each class of ownership and number of 
trucks operated in each class, Baltimore area 

Group Operators Trucks 

Number | Per cent | Number | Per cent 
Public;service 2953: a-06 ee ee, eee 11 48. 0 2 48.7 
Oooperatives 2254253 eae eee if 30, 5 13 31.8 
Individuals’ 22 3 22 case oie Se 1 4.2 3 7.3 
Dairidsy 228 222 ies 5h Dk eee 4 17.3 5 12, 2 

Totals! so 2 See eee 23 100, 0 41 100. 0 

That 23 operators own the 41 trucks which are 
engaged in this kind of business shows that there is 
little, if any, concentration of ownership. The largest 
number of trucks operated by one concern is five, 
which are all listed as common-carrier trucks. Approxi- 

a ee 

Glass-lined tanks of 1,000-gallon capacity — 



mately half of the trucks are operated under permits 
issued by the public service commission, which restricts 
them to definite routes and schedules and makes the 
owners file their rates and charges, which are subject 
to public regulation. There are seven cooperative 
organizations operating 13 milk trucks. Under the 
laws of the State these trucks have been exempt from 
the provisions of the public service regulation statute, 
but recently this has been amended so that even 
cooperative associations will have to obtain permits 
and will have to pay the license fees which are exacted 
from these types of carriers. Only four dairies are 
engaged in hauling or bringing in milk which they use 
in their plants. It is rather significant that the retail 
dealers take little part in the business of transporting 
milk to their plants. This is largely accounted for by 
the fact that the movement of milk from receiving 
stations is limited in quantity. 
A number of cooperative associations have been in 

existence for some time. One of them dates back to 
1917, when it was organized for the purpose of hauling 
milk by motor truck to Baltimore. The rates charged 
the stockholders are usually the same that commercial- 
truck operators charge for similar service. Some of the 
associations, which were organized with sufficient 
capital, are able to pay dividends to their stockholders in 
addition to setting aside sufficient funds to replace worn 
out and retired equipment. Other associations were 
organized with small amounts of capital and secured 
the money for the purchase of the original equipment 
largely through loans. These associations use the bal- 
ance of their earnings over and above operating expenses 
to pay off their indebtedness and to add to their equip- 
ment. There is one cooperative association which now 
possesses rolling stock valued at about $20,000, most 
of which was purchased with surplus earnings. 

COMPARISON OF MOTOR-TRUCK AND RAILROAD RATES IN BALTI- 
MORE AREA 

The rates charged for transporting milk conform 
fairly closely to the rates charged by the railroads. 
As a matter of fact the rail rates were the basis for 
making charges for truck hauling when the motor 
truck first entered this business. No case was found 
where the truck rate was less than the railroad rate, 
a great many cases were found where the railroad rate 
and the truck rate were the same for like distances, 
and in some instances it was found that the truck 
rates exceeded the rail rates. The railroad rates are 
proportional to the length of the haul to a greater 
degree than the truck rates. The railroad tariffs fre- 
quently name a different iate for each shipping point 
along a certain line, while the truck rates are largely of 
the “‘blanket” type. The blanket rate is also fre- 
quently found in railroad rates as is seen in the table 
below in which comparisons of railroad and motor- 
truck rates are made for like mileage zones. The rail- 
road rates are taken from the milk tariffs of the Western 
Maryland Railroad which carries approximately 57 
per cent of the railroad shipments and 29 per cent of 
the total milk shipments into Baltimore. This rail- 
road serves the territory lying to the north and north- 
west of Baltimore. The truck rates are typical rates 
from points in the several mileage zones in that same 

- general territory. 
According to the table the railroad rate is “blank- 

eted”’ from 20 to 50 miles at 3 cents. In this zone the 
truck rates vary from 3 cents to 4.5 cents per gallon. 

In the 15-19 mile zone the railroad rate is 2.5 cents, 
whereas the truck rate is 3 to 3.5 cents. In this zone 
the trucks are serving milk shippers who are not 
closely situated to railroads and are not readily served 
by them. 

Comparative railroad and motor-truck rates for like mileage zones, 
Baltimore area 

| 
Distance| Rate per gallon 

| to Balti- ; 
more Railroad Truck 

Cents 

Railroad shipping point | Truck shipping point 

@ilyndongeeersss snes Ne Se ees ces Ala ee, ee 15-19 | 2.8 |. 

We Eleretord Seen ees ere fee ete gee ale pe 3 
IRS VROS il Oe ema ns Meee teers cecilia eee ay ee 3 
BOlEAS aeene Soest oe eee oo ee ee [ee ee 3. 
Rutledge sie a eee ee See pec eee aE ee i 

| 4 
4 

BAlLaDSCOZ a aeaes sas aes pete Sec ae ee ee DA ee eo cOR eee opi lam es 
| 3.0 

PAN ok dle big eeeeee oF eal ee eS Sees Dee 3.0 
Parktontc tots tae. st 8 = | 4.0 

VECSUINUINS (erm earner. eee oe ees (God We Pte 3) Ollie meee 2 
Westminster ss me eee 
Glenwood a-==eeese = eee eee hesind, ©, eee ha nae 
ldiaabocaydiea =. Se i ee 

3 

3 
| a 

IMIOUnTPAUY yam ee ae ee Gaia a Het Re, a 3.0 
i 3 

4 

Belfast Church_._______- eeete 1 eee 3,0 
Wanlinetone ss 22 ses yeaeee ee SS aia oe ae Bub 
| Fountain Mills_.......-_- aoe 3 oe at ie 4.0 
Sie Vill Gis ean ne eae so ie tea av ce 4.0 

WiTiOUEBTI1d Sez ere reieey WiLes eo pone ca ene ee 

1 Oct. 1 tomMian, 31. 

While certain truck rates shown in the table appear 
to be out of line with other truck rates in the same 
zone, an investigation has revealed that some of these 
truck routes follow rather poor roads which are at times 
difficult to travel, thus accounting for the higher rates. 
In two instances the rates for the winter months are 
higher than the rates for the summer solely because of 
bad road conditions. This shows in a very substantial 
way the value of improved roads to the farmer. 
Practically a truck load of milk is collected along 5 
miles of unimproved highway where for a six months’ 
period 3.5 cents is charged for transporting milk and 
for the rest of the year only 3 cents. The farmers and 
milk producers are required to pay $5 a day additional 
transportation charges on 1,000 gallons of milk because 
of the inferior type of highway. This amounts to $900 
for the six months’ period. ea on this actual out- 
lay, the farmers could afford to make road improve- 
ments to the extent of $3,600 a mile if no other traffic 
were benefited at all besides this one truck load of 
milk. 

The milk tariffs of the Baltimore & Ohio Railroad 
are fixed according to distance to a much greater 
degree than the Western Maryland. The following is 
taken from its tariff: 

Baltimore & Ohio Railroad milk rates to Baltimore 

| Rate per 

Fron Distance | 10-gallon 
| can 

| Miles | Cents 
Wi0ddstockieeae eas = sense ie ee a i ee” cee | 21.7 27.0 
Ferry (On Saee aoe eee eee oe ee ee a ee 25.2 | 28.0 
EMH AY) Sones A a ble aan Ok RUNS nae Sek Ne ey ope a 30.1 | 29. 5 
Waterville: sete ses ce Ske ie eee ee eee oie sa 36.6 | 30. 0 
Bartholow:42 ae ee eer es) Seer, ee Set ee Lat mass 43.1 31.0 
MONT OVS serene te ee eee ot ee wee eee ee 46.7 32.5 
TjATS Allee ere ee he a Re ie Re ee oe Sa ee ae 50. 2 34.0 



ADVANTAGES OFFERED BY MOTOR-TRUCK TRANSPORTATION 

In comparing motor-truck rates with railroad rates 
one must not lose sight of the fact that the motor- 
truck rates include pick-up service in Ae, cases 
and in all cases delivery service at the city milk plant. 
When shipping by railroad farmers have to haul their 
milk varying distances from the farm to the station 
and the dairy or city milk dealer is obliged to haul the 
milk shipped by railroad from the city terminal to his 
manufacturing or distributing plant. The dealers in 
Baltimore estimate that it costs them from 0.5 cent 
to 1 cent per gallon for this terminal hauling which is 
entirely eliminated where the milk is brought directly 
to the plant from the points of production in the coun- 
try. These costs naturally vary for different dealers, 
depending largely upon the distances they are re- 
moved from.the railroad terminals. In Baltimore not 
one of the dairies is located directly on a railroad side- 
track, so that in each case trucking, either by horses 
or by motor truck, is necessary to get the milk from the 
railroad car or platform to the plant. 

The saving in time and expense to producers who 
ship by motor truck is shown by the following sample 
data which were secured from questionnaires filled out 
by milk producers shipping by truck and milk pro- 
ducers shipping by railroad. Forty-eight replies from 
each class of shippers were tabulated. Of the 48 
shippers by truck, 23, or approximately 50 per cent, 
were located on truck routes and did not have to do 
any hauling. The remaining 25 hauled their milk to 
convenient points on truck routes a total of 22.438 
miles, or each one hauled his milk an average of 0.86 
mile. If these same 48 shippers who shipped by motor 
truck had all taken their milk to the nearest railroad 
stations they would have had to haul a total distance of 
117.25 miles. The actual saving to all of these shippers 
was 94.82 miles or an average of 1.98 miles for each 
shipper. 

The 48 shippers who shipped their milk by railroad 
hauled it a total distance of 61.45 miles or an average of 
1.28 miles each. The average hauling on the part of 
the 48 shippers who shipped by truck was 0.47 mile 
each. The average saving in hauling distance which 
the truck shippers enjoyed over the same number of 
railroad shippers was 0.81 mile each. 

It should be noted that this analysis shows also that 
the milk producers who are most lkely to ship by 
truck are those who are more distantly removed from 
their respective railroad stations. Shippers who made 
use of the motor truck were on an average 2.44 miles 
removed from the railroad, whereas those who shipped 
by railroad were on the average 1.28 miles distant. 
To those shippers who are the greatest distance from 
the railroads and who live on or near roads which are 
adapted to truck routes the motor trucks bring the 
greatest benefits. Through the use of motor trucks 
operating over improved highways the dairy industry 
is promoted and developed in regions which hitherto 
were too far removed from railroads to be developed 
practically as producing areas for fluid milk destined 
for the city market. 

PERSONAL SERVICE OF TRUCK OPERATORS A VALUABLE CONSID- 
ERATION 

One of the reasons given by milk producers for 
preferring to ship by motor truck rather than by rail- 
road is the personal service which truck operators are 
able to give in looking after the interests of the shipper. 

It has been claimed that the percentage of cans lost 
in truck shipment is less than in railroad shipment on 
account of the direct daily return of cans. The 48 
motor-truck shippers and 48 railroad shippers were 
asked for data with reference to these claims. The 
results of their answers are shown in the following 
tabulation: 

Number of cans used and lost by railroad shippers and by motor 
truck shippers 

Average Total Total 
number | number | number | Per cent 

Shippers of cans | of cans of cans | of cans 
shipped | used by | lost dur- lost 
daily shippers | ing year 

AS EUCKS SH DDOLS ar re eee eee ee eee 225 | 517 19 3.6 
4Sirailroad: Shippers aaese. aise eee 211 | 661 83 | 1255 

The railroad shipper must have a larger number of 
cans in use to ship approximately the same quantity 
of milk on account of the irregular return of empty 
milk cans by the railroad. <A more significant fact is 
that the shipper by railroad suffers an annual loss of 
12.5 per cent of his supply of cans, whereas the truck 
shipper loses only 3.6 per cent. The truck driver serves 
to a certain extent as the shipper’s representative from 
the time the milk cans leave the farmer’s gate or load- 
ing platform until the empty cans are returned later 
in the day. Responsibility 1s centered in one person 
for taking care of the shipper’s property and the hand- 
ling of the cans is limited to the one or more persons 
in charge of the truck. Shipments by railroad are 
handled more often and by a greater number of indi- 
viduals who are employees of the railroad and the city 
dealers. Obviously the chances for losses are multi- 
plied. | 

In order to give an idea of the time consumed in 
shipping milk by motor truck and the operations in- 
volved, there is presented below a day’s log showing 
the operation of a representative motor truck engaged 
in the transportation of milk. The one-way distance 
covered is 27.5 miles. The truck after delivering its 
load of milk proceeded to a central freight depot for 
its return load. 

Detailed log of a milk truck 

“ ? : Elapsed 
Time Miles Operation iiaa 

6:30=(. SORE = eee 8.00) Picking up milks seco es 1 hour. 
7.00-9.10 a.m. 2 22. EZ OF RUNSCO CILY Call viene eee ee 1 hour, 40 

minutes. 
F109 2208 Te eee ae cae ee Unloading milks 2 ec. ee ee re ee 12 minutes. 
0:22-9 40 saan ee ee ol er eed Loading empty canst sos. = se 18 minutes. 
94010 aril pee eee 2°5-|) Run to treight depot. saasaeemeeees 20 minutes. 
1O2LT30 “aa ieee: ee oe ee ee Central freight depot, idle_._________ 1 hour, 30 

minutes. 
1130-12: a ee eee Loading freight ee. so a. ae 30 minutes. 
1.212730" pn eet eee ees Driver and helper at lunch_________- 30 minutes. 
12:30=2:30) p/n ee aoe 19.5 | Return run to first shipper________-- 2 hours. 
2:30-3:30) ps Mews 8.0 | Unloading cans and freight__________ 1 hour. 

T Otal sees. eee 56.0: 2 eee ae eens oe Sak eee 9 hours. 

The truck for which these data were obtained was a 
4-ton truck of the van or inclosed-body type and car- 
ried a load of 120 cans of milk containing 1,200 gallons. 
The truck was away from its terminal garage a total of 
nine hours; six hours, or 66 per cent of the total time, were 
consumed by actual truck movement in picking up the 
load of milk from farmers along the route and in making 
the run to the city dairy plant, to the freight depot, 
and back again to the point of departure. ik picking 
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up the milk 18 stops were made and that many ship- 
ers served. It should be observed that for only three 
ours, or 33 per cent of the operating time, the truck 

was not in motion and a part of this time was taken 
up in unloading the milk and getting back the empty 
cans and in obtaining a return load of freight. 

The records of the dairy plants in Baltimore show 
that the motor trucks engaged in this business of trans- 
porting milk from the country to the city operate with 
a great degree of regularity. Snow removal on the 
Maryland highways is well taken care of, so that the 
main highways are seldom if ever closed on, account 
of snow. Records are not available for all of the motor 
trucks as to regularity of operation. It was found, 
however, that for 24 trucks not a single trip had been 
missed in the years 1922 and 1923. This does not 
mean that each one of these individual trucks was 
operated daily. Emergency trucks may have been 
used at times, but no trip was missed on account of 
unfavorable weather conditions, and continuous and 
regular service was afforded to the shippers and to the 
public. : 

Flexibility of operating schedules is an advantage 
which motor-truck operators claim for their method of 
transportation. The time of departure in the morning 
is usually an hour later in the winter than in the 
summer months, which is a great convenience to the 
shippers. The earlier operation in the summer months 
makes it possible for the milk to be brought to the 
city before the heat of the day sets in. 

REVENUE AND OPERATING COSTS AT BALTIMORE 

Little data can be found relative to the revenues 
and expenses of individual operators, a condition which 
prevails quite generally in all kinds of motor trucking. 
From, one of the city dairies information was obtained 
for 21 trucks, covering the yearly receipts, miles oper- 
ated, loads carried, and truck capacities. This is given 
in the following table: 

Revenues and operating data for 21 motor trucks, 1923 

Average Average 
number | Average | yearly 

Num- | gallons yearly | revenues 
Truck capacity ber of | hauled | mileage from 

trucks | per trip per milk 
per truck per 

truck truck 

| Gallons Miles 
“OR 2 os ee ee ee ees 7 387 16, 425 $5, 17 
RNS ee a Ain ea a Slee 6 450 | 25, 246 5, 946 
OPENS >... et SE ee ee 5 620 23, 600 6, 716 
DPLOTISe = ks aaeete oe eR sea 0 5 830 | 24, 820 8, 869 
AY IGVERA oo os etl AGNES 2 6 Sl a ae 1 575 | 20,075 6, 296 
(ROP TRE ae 9s tS eS ee ene 2 913 18, 980 9, 991 

PASC OLAY Cea eee Sars Rd wd eee at ak 625 23, 070 7, 154 

The average revenue received from the transporta- 
tion of milk amounted to $7,154 per truck, or an aver- 
age of 3.1 cents per gallon. The receipts of the 5-ton 
trucks were the largest, on account of the larger loads 
carried. In the case of the two 5-ton trucks the 
average yearly mileage per truck was less than in the 
case of most of the other trucks of smaller capacity. 
This furnishes the basis for computing the average 
receipts per ton-mile. The weight of the average Icad 
of 625 gallons, including cans, is 3.53 tons. The 
weight of the average load of returned cans is 0.6 tons. 
The number of ton-miles of both the milk and the 
empty cans is 47,639. In arriving at this figure it is 
assumed that the loads are carried for the whole 

distance, which is not exactly the case, inasmuch as 
the full load is not obtained at the very beginning of 
the trip. Without making any adjustment for this, 
we arrive at the average receipts per ton-mile of 15 
cents. 

For one of these trucks it was possible to obtain com- 
plete data covering operating expenses and revenues. 
This information is for a 5-ton, solid-tire truck operat- 
ing on a milk route 22 miles one way over an improved 
highway. The total receipts were $10,014.40, con- 
sisting of $8,485 from the transportation of milk and 

- $1,529.40 derived from return loads of freight and 
merchandise. The total operating expenses were 
$7,636.75, leaving $2,377.65 as the year’s profit. It 
should be noted that fully 65 per cent of these profits 
were derived from return-load earnings. It appears 
therefore, highly desirable that this part of the business 
be developed to the fullest extent in order to have this 
type of transportation yield the maximum returns. 

The year’s operating expenses are fully segregated 
and analyzed in the following statement. 

Cost analysis of year’s operation of a 5-ton motor truck 

Item 
1. Total investment (chassis, body, freight) _____ $5, 884. 00 
2. Tire cost, 36’’ by. 6’’ and 40’ by 6” solid___-_ 304. 50 

3. Investment less tire cost (amount to be de- 
DLECIA TCH Reema e ee eek TERT ye eee es Ce 5, 579. 50 

OVERHEAD COSTS 

4. Interest on total investment per year (6 per 
Centon itemnel) =. eee! eee waste ee eee $353. 04 

Oi AX es ees am eee eee Ce i ke 147. 10 
GET Cens Cian ee epee re eT eee ee 1, 026. 48 
(ee lisuran Ce aera SOR or ee toe Ne eee 588. 40 
ph Gong keh = 3 et Saad ee Re es Sees 240. 00 
Om ray —-rollrcosis ee SE a el AeA OS, Se 2, 616. 00 

10. SRO tA MO Ver NCS: Ceres a Ses es 4, 971. 02 

RUNNING COSTS PER MILE 

(DRM DL yiimect ato oes 4: nS ee eee eee $0. 0732 
ie od nia eye he oe eee Se ees . 0200 
13) SOL Sie ee Re Ate ee epee Cee, ie es eee wage on . 0035 
TAS lel? ee ee eens be ee  B eg eae Se . 0400 
iD e Repainc a ndumalnbenan Ce ses aman eee . 03802 

16 AGUA rier COS <= a Be ee . 1669 

PAY-ROLL COSTS 

(ee Dri veTsuwagesrD Cle wee ke amen ee $27. 00 
1S DrivertsOveruime sa a sa phe LE Sag aN ne ah nM 
19° Helper’s wages per week. = 2-2-—__= ==. 19. 00 
PADS opeVBh ae AVISIKONM joreie yyidele= 2 ee Se Se 4. 3075 

DLR CCV ED Eyal O teeta eee ee ae eet ok Pes 50. 3075 
22. Yearly pay roll, item 24 by item 21_________- 2, 616. 00 

DO ge) diy S10 Dera CCE Deby Col mem ee ere ee 363 
2Am@ Weeks: Opéra Cle sa Acs he Se Se 52 
2 eeLotalloverneadscOsts peu Gaye = aaa eee $13. 70 
Zoe Niilesropersved: pend aye eee ee ee ee 44 
DieeNiles Opera leds pete yen l= a= aes = ee 15, 972 
28. Total overhead cost per mile_--_------ $0. 311 

29. Total overhead costs per mile_______.------- $0. 311 
SAO: Aondsllsohananeaeerooyict joker anlkee 22 Be ee . 1669 

31. Motalkcosteneninll Gee ese sss ees . 4779 

TOTAL COSTS 

SL OVA OVER CACtCOSUS ame ene ene an, ae ee $4, 971. 02 
33. Total running costs, item 16 by item 27_____- 2, 665. 73 

34. lotal:costsese2 ae eee oe cee 7, 636. 75 



DAILY OPERATION OF MILK TRUCKS FAVORABLE TO LOW COSTS 

The milk trucks make a good showing when sub- 
jected to a cost analysis because of the daily operation 
throughout the year which tends to spread the fixed 
charges over a relatively large mileage. Next to the 
pay-roll costs the license fee in this case is the largest 
item of overhead costs amounting to $1,026.48. This 
particular truck is licensed as a common carrier and is 
obliged to pay fees which exceed the license fees which 
the ordinary truck has to pay. 

According to the law in effect up to this time motor 
trucks operated as common carriers on designated 
routes and schedules are divided into three classes. 
Class X includes all those trucks weighing 3 tons 
and less including carrying capacity which are charged 
one-fifth cent per ton multiplied by the number of miles 
the truck is operated in a year over the public highways 
of the State. Class Y includes those trucks in the 
3 to 6 ton class which are charged two-fifths cent per 
ton-mile. Class Z includes those trucks in the 7 to 10 
ton class which are charged three-fifths cent per ton- 
mile. The truck covered by this cost analysis was in 
the Z class and paid a license fee of three-fifths cent 
per ton-mile. The same kind of truck operated not as 
a common carrier would have had to pay only $150 a 

Return loads collected at a central depot have proven profitable to truck operators 
in the Baltimore area. 
other sections 

year without any restrictions as to mileage or distance. 
This large differential in license fees tends to limit the 
number of motor trucks engaged in the transportation 
as common carriers and probably accounts for the 
rather large number of trucks cooperatively owned 
which are in this service because cooperatively owned 
trucks have been exempted from the provisions of the 
Pune service laws relating to motor trucking. The 
egislature in its last session amended the law so as to 
include cooperatively owned trucks in the definition 
of common-carrier trucks. This change will take 
effect next year. It should be noted in this connection 
that this truck, the operating costs of which have just 
been analyzed, paid over 10 per cent of its gross earnings 
in taxes and license fees. 

One of the cooperative associations published a 
report of its financial operations for the year which is 
summarized as follows: 

Such business has not been developed extensively in 

Revenue from milk transportation______._______- $15, 032. 91 
Revenue from other ireivhi >i. 2 eee eee ee 6, 069. 70 

Total. t — fee ace ae an Se ee eee 21, 102. 61 
Operating expenses, taxes, and depreciation_____- 18, 597. 37 

2, 505. 24 

This organization operated two trucks. Attention 
should again be called to the large revenues which were 
derived from freight hauled back into the country from 
the city. Had it not been for these earnings the asso- 
ciation could not have shown any net revenues at the 
end of the year. The importance of obtaining return 
loads is recognized by most of the motor-truck opera- 
tors. The revenue derived from the return load is 
regarded as just that much additional income which 
involves little or no additional costs. 

In order to secure return loads a number of motor- 
truck concerns are maintaining jointly a central freight 
depot in the central part of the city’s business section. 
Any freight or rie RCE RPAISS which is to be shipped to 
points and individuals along the different milk routes is 
concentrated at this depot. After the truck has 
unloaded its load of milk at the city dairy it swings 
around to the central depot to ascertain what freight 
is on hand for country points along its route. 

CENTRAL{DEPOT SOLVES RETURN LOAD PROBLEM 

The central-depot idea appears to be a great success 
according to all the truck operators who make use of 
it. It does away with the hit-and-miss system of col- 
iecting merchandise all over the city from many busi- 
ness and manufacturing concerns. Such concerns 
maintain a city-delivery system of their own and can 
just as conveniently make deliveries at the central 
depot where the merchandise in turn is picked up by 
the milk trucks which are about to proceed on their 
return journey. 

The larger trucks are generally operated by two men; 
one acting as the driver and the other as the helper. 
In the following table is shown the number of trucks 
operated by one man and by two according to truck 
capacity: 

Number of men employed in operating trucks of various capacities 

| 
| Num- | Num- | Total | Num- | Num- | Total 
pet of pet a st Ae of ber Me num- 

: F rucks | trucks er oO : rucks | trucks | ber of Truck capacity employ-lemploy-- men — Truck capacity employ-lemploy-| men 

ing 1 ing 2 em- | ing1 | ing2 em- 
man men | ployed | man men: | ployed 

ae ae 2 ote, 
| 

Tons | Tons 
SEES 5 ANOS StS eee eS ea a ye 1 2 
[hee PEN Fi | oa tie a Bl cd ch a Oe an che |S 4 8 
Ad aoe ae SE tae Jf es ee SDS Sas tee eee 2 6 14 
| eee ae ae ae 2 1 4 | f | 
Oidetye eee ee 2 10 22 | Motaless. 19 22 63 

On the 3-ton trucks and trucks of larger capacities 
it is the practice to employ two men. In the above 
tabulation there are two 5-ton trucks in operation with 
only one man. Both of these are tank trucks which 
do not need the extra man. 

The average hauling rate of approximately 8 cents 
per gallon is in the last analysis only a small part of 
what the city consumer pays for his milk. In Decem- 
ber, 1923, the retail price of milk in Baltimore was 14 
cents per quart, or 56 cents per gallon, delivered to his 
house in bottles. Of this amount the producer received 
28 cents, the producer’s association 1 cent as a broker- 
age charge, the city dealer 24 cents and the motor- 
truck operator 3 cents. The dealer’s margin consists 
of 42.8 per cent of the retail price, the milk-truck 
operator receives 5.4 per cent, the producer’s associa- 
tion 1.8 per cent and the farmer who produces the 
aT 50 per cent of what the consumer pays for his 
milk. 

— 



MILK SUPPLY TRANSPORTED BY MOTOR TRUCK INCREASING 
ANNUALLY IN PHILADELPHIA 

Although the largest part of the milk received in 
Philadelphia is shipped by railroad the amount which 
is brought in by motor truck has shown a considerable 
‘increase in the last few years. Up to 1921 steam rail- 
roads and the electric railroads carried approximately 
95 per cent of the city’s total milk su abe In 1921 
the amount brought in by motor truek showed sub- 
stantial gains. The 1923 records show that a little 
over 20 per cent of the city’s milk supply was received 
by motor truck. The detailed shipments are given in 
the following table: 

Amount of milk shipped by rail and motor truck, Philadelphia area 

1921 1922 1923 

Per Per Per 
Amount ean! Amount | cent | Amount ent 

yy 

Gallons | Gallons | | Gallons 
Steam railroad__.______._ 53, 159, 943 | 88.2 | 53,856,060 | 84.0 | 55,273,056 | 78.5 
Electric railroad______-_- 1, 382, 517 QZ NL ASO Oaths 2 1.0.4 922, 501 1.3 
DAOLOMmiruck . 2-22-2226 l= 5, 778, 285 9.6 | 9,015,026 | 14.1 | 14,162,289 | 20.2 

Ot Al pee oe te 60, 320, 745 | 100.0 | 64,061,997 | 100.0 | 70,357, 846 | 100.0 

During this period there was a substantial increase 
in the amount of milk received. The motor truck 
took care of the greatest part of this increased supply 
although the steam railroads showed an increase in the 
amount which they handled. On the other hand the 
amount shipped over the electric interurban lines 
showed a Aline off. In 1923 the motor trucks trans- 
ported into the city slightly over 20 per cent of the 
total supply whereas less than 10 per cent was brought 
in by that means in 1921. The steam railroads’ share 
of this traffic was 78.5 per cent in 1923 compared with 
88.2 per cent in 1921. The investigation showed that 
the motor trucks took care of that part of the city’s 
milk supply which was taken away from the electric 
interurban lines. The large volume of milk consumed 
in Philadelphia requires a milk shed extensive in area. 
A part of this area is so distant from the city that motor 
trucks can not successfully compete with the railroads 
for the business. Shipments are made by producers 
in New York, Pennsylvania, Maryland, Delaware, and 
New Jersey. The same situation prevails here as in 
other large cities such as New Fork and Boston. 
Although large quantities of milk are produced within 
a radius of 50 or 60 miles, all of this production does 
not find its way to the Philadelphia market because a 
large number of cities and populous communities derive 
their supplies of milk from ae same territory. 

LARGE-CAPACITY TRUCKS NUMEROUS 

The number of motor trucks delivering milk in the 
city of Philadelphia and the distances over which they 
operate are given in the following table: 

Number of trucks operating in various mileage zones, Phila- 
delphia area 

Number | por cent | Number Mileage zones “of trucks ! Mileage zones | of trucks | Per cent 

| | | | 
| i 

i: Oe a 0) ON 60-69see= ea - teed 3 6 
ISN) ee 7 TS | yy) ee eee eee 2 4 
ee eS 8) ATEN S080! sae ee ee ae | 1 2 

1) oso Me re 8 | 17 | 
a 14 | 30 di he 
is ae 4 | 9 

| 

106027—24+——_2 

It is to be noted that of 47 trucks engaged in this busi- 
ness over 50 per cent operate over routes 40 miles and 
over in length. Thirty per cent of the trucks operate 
in the 40-49 mile zone. <A truck starting at Church- 
ville, Md., 81 miles distant, travels the greatest dis- 
tance. This truck, at the time the survey was made, 
had been operating only a short time. It leaves 
Churchville at 9 a. m. and picks up its load of milk and 
arrives at the city dairy at about 4.30 p. m. and does 
not get back to its point of origin until about mid- 
night. It is not believed that this operation can con- 
tinue any length of time; at least, difficulties will be 
encountered in the summer months when heavy icing will 
berequired. The long hours may also make two sets of 
drivers necessary. The two trucks which operate in 
the 70-79 mile zone leave the city in the morning and 
go out to receiving stations for their loads, and get 
back late in the afternoon. 

The capacity of the motor trucks engaged in these 
operations is shown in the table below. 

Classification of trucks by capacity, Philadelphia area 

| 
z i 

Capacity in tons | Number} Fer cent || Capacity in tons | Number | Per cent 
| 

ONES ea ae 2. SA Beh et ae 29 | 62 
9 Bose la Fie Wty 11 | a ie ae pee a | 1 | 2 

ar ea eh + 1 a7 | 100 

Trucks of small capacity are lacking. Only two 
trucks of the 2-ton type are found. The 5-ton truck 
predominates, 62 per cent of the total number belong- 
ing to this class. In the following table it is shown 
that the trucks of larger capacity operate in the longer 
mileage zones: 

Number and capacity of trucks operating in various mileage 
zones, Philadelphia area 

Mileage zone | 2-ton | 3-ton | 34-ton | 5-ton | 74-ton | Total 
| | 

eK AUR MERE bn ek all a ee ee | asters le Gee Set i Oe ae 
SC eee Bee Se core Na 2 Gl (ata | Agee es 7 
DO 20 Ree acc, 5 oe ee 2 4 | 8 ate 8 
30239 See ae ee eae oe Sal see oe Bibles te 8 
M40 sl co Sen aa 8 ty eee toa 16: 14 
BV a ed pee nF al Se Se te 5a ee | 3 | 1 4 
60-695 eae Eee ee ee ee eeenee Us Boe ua we oe Oya ees aor 3 
OFT 2a a Sa ie hE Be a ir ee ce ee ee Nee te eee Nt SE | NM yates Se 2 
80-89 She ee. eee eee Del ee fale sete Sante [ieee is 1 

Total. dose eee | 2 11 4 | 29 1 47 

RECEIVING STATIONS MAKE LARGE TRUCKS PRACTICABLE 

The trucks of 34-ton capacity and less do not 
operate over routes more than 50 miles in length. 
Over half of the 5-ton trucks operate from points 
more than 40 miles distant. The fact that a large 
part of the milk transported by motor truck into 
Philadelphia is milk which is collected at receiving 
stations and then hauled by truck directly to the 
city plants accounts partially for the larger trucks 
used and also for the greater distances. These re- 
ceiving stations are operated by the dairies. To 
them the farmers bring their milk by motor truck or 
by wagon just as they haul it to the railroad stations 
or creameries. There are, however, a few receiving 
stations operated by dairy companies which collect 
the milk from the producers. The milk collected at 
these receiving stations comes from within a radius 
of 10 miles of the station. In the Philadelphia milk 
shed 15 receiving stations and 3 bottling stations are 
operated, from which the milk is transported by motor 
truck to the city distributing plants, 
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Out of the 47 trucks delivering milk to the city 26 
haul directly from receiving stations and_ bottling 
plants and 21 pick up their loads from the producers. 
The average amount of milk transported from the 
receiving stations is 25,140 gallons per day. This is 
an average load of 967 gallons per truck. The 21 
trucks engaged in hauling milk directly from the 
producer to the city plants transport 13,580 gallons 
per day or an average load of 647 gallons per truck. 
The milk transported from the receiving stations is 
all hauled by trucking concerns which have contracts 
with the dairies or by the dairy companies themselves. 
The large number of trucks of large capacity in this 
territory is to a great extent explained by the fact that 
such a large portion of the milk is transported from 
these receiving stations where full loads are available 
and where the carrying of large loads appears to be 
the most economical way of doing it. 

CLASSIFICATION OF MILK TRUCKS ACCORDING TO OWNERSHIP 

In the Philadelphia territory no cooperative asso- 
ciations are found engaged in hauling milk for groups 
of producers, nor was any development of the return 
load found. Those engaged in the transportation of 
milk by motor truck may be divided into three classes: 
First, the dairy companies which own their trucks and 
use them in hauling milk from the country receiving 
stations which they operate to their city plants; 
second, individuals or companies which enter into 
contracts to haul milk from the receiving stations to 
to the city plants (only one of these hauling contractors 
does any pick-up business); third, individuals who 
operate trucks from the country to the city plants and 
pick up the milk from producers who live along the | 

The individual haulers | routes over which they operate. 
all live and have their points of origin in the country. 
The hauling contractors and dairies go out into the 
country and bring in their supply of milk. In the fol- 
lowing table is shown the number of those engaged in 
hauling milk divided into the above-mentioned classes 
and also the number and capacity of trucks operated 
by them. 

Classification by capacity of truck operated by different classes of 
owners 

Number of trucks operated 

Class = ; 

2-ton | 3-ton | 3$-ton | 5-ton | 74-ton | Total 

: f i: >. a ; 
Dairy companies ese ese | ane (ae om gs 4 ae es ees 11 
Hauling contractorse 2. eee. sl eeneee | 2 See Serena | A A eee 19 1 20 
Individuals_______- nF Ee ae AE 2 | idee es Bll eset 16 

| a eee 4 29 1 47 

The dairy companies operated 11 trucks, or 23 per 
cent of the coal number; the hauling contractors 
operated 20 trucks, or 43 per cent; and the individuals 
operated 16 trucks, or 34 per cent. It is significant 
that the trucks operated by the contractors are all 
5-ton trucks with the exception of one which is of 
74-ton capacity. 

IMPROVED ROADS MADE POSSIBLE A CONSIDERABLE SAVING IN 
MILK TRANSPORTATION 

One of the largest dairies in Philadelphia, which has 
an average daily run of 22,000 gallons, receives all but 
300 gallons by motor truck. Up to four years ago all 
this milk was shipped in by railroad. The superinten- 
dent of this plant stated that in 1920 when they first 
began to haul milk by motor truck the roads were in 

very bad shape, which tended to hinder this kind of 
operation. Since the roads have been improved more 
trucks have been added, so that almost all the shipments 
are by motor truck. This dairy now owns 12 glass- 
lined tanks which it furnishes to hauling contractors 
who mount them upon chasses owned by them. The 
dairy agrees to keep the tanks painted, but the truck- 
man. takes all responsibility in the operation of the 
truck. The dairy pays the contractor a flat rate of 
30 cents per 100 pounds or approximately 2.6 cents 
per gallon for the transportation of milk in these tank 
trucks operated from the various receiving stations. 
The nearest one is 47 miles and the most distant one 
is 60 miles away. The dairy estimated that the savings 
resulting from this method of transportation compared 
with rail shipments from the same points and the haul- 
ing from city railroad terminal to the dairy amounted 
to 5 cents per 100 pounds. On a daily run of 22,000 
gallons this means a daily saving of slightly over $90. 

The average rate paid to individuals operating milk 
trucks from the country and to contractors for trans- 
porting milk in 10-gallon cans is approximately 35 
cents per 100 pounds. ‘This rate covers distances from 
15 to 60 miles. A 35 cents per 100 pounds rate is 
about the same as a rate of 3 cents per gallon. The 
one truck which operates in the 80-89-mile zone 
receives 6 cents per gallon. 

Delivering milk to a receiving station where it is cooled and run into a tank truck 
for transportation to the city 

ALMOST ENTIRE CINCINNATI SUPPLY NOW DELIVERED BY MOTOR 
TRUCK 

The year 1914 marked the beginning of the trans- 
portation of milk by motor truck to the Cincinnati 
market. By 1918 nearly 50 per cent of the daily 
shipments were by motor ade and the wagon ship- 
ments had practically ceased. The rest of the ial, 
came in by railroad. In 1923 the year’s shipments by 
motor truck were 12,430,000 gallons out of a total of 
12,868,000 gallons received, or 97 per cent. In spite 
of the adverse road conditions and a decidedly hilly 
territory surrounding the city the motor truck ship- 
ments of milk increased in this 10-year period. 
Between the years 1915 and 1921 there was an increase 
of 36 per cent in the city’s consumption of milk. 
It was mainly through the opening up of new producing 
territory through the use of the truck that the Cin- 
cinnati dealers and distributors were able to take care 
of the rapidly increasing consumption. 

At the present time there is no “pick-up” milk 
brought in by the railroads; the only milk shipped by 
railroad is that brought from a receiving station at 

——— ee 
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Pierceville, Ind., ahaul of 45 miles. Itis predicted that 
the end of 1924 will see a complete motorization of 
Cincinnati’s milk delivery when a new road will be 
completed leading from Pierceville to the Ohio State 
line joining a hard-surfaced road which will make it 
possible to ship the milk accumulated at the Pierce- 
ville station by truck to its destination. The extent 
to which Cincinnati receives its supply of milk by 
motor truck is significant when one takes into consid- 
eration the fact that there are four railroad lines 
running south from Cincinnati into Kentucky and nine 
steam railroad lines and seven traction lines radiating 
to the north, east, and west into Ohio and Indiana. 
The milk supply comes from approximately 3,200 
producers; 60 per cent originates in Ohio, 30 per cent 
in Kentucky, and 10 per cent in Indiana. The area 
circumscribed by a radius of 30 miles supplies 80 per 
cent of the total amount of milk consumed and the 
remaining 20 per cent comes from the 30 to 60 mile zone. 

LIGHT TRUCKS AND SHORT ROUTES NUMEROUS IN CINCINNATI 
AREA 

The number of trucks operating in this area and 
the mileage zones in which they operate are shown in 
the following table. 

Number and per cent of trucks in the various mileage zones, Cin- 
cinnatt area 

Mileage zone Pes Per cent Mileage zone Aes Per cent 

(Vth ge Se ee 0 Oni 40-49 saa e Nee e 15 17 
ROSLOL Miro eee 32 BL TeX U9)! eae page eee 3 
0-20 sete nas Se 15 16 
BUR sO seen low es 25 90 100 

The fact that over a third of the trucks operate over 
routes of 20 miles and less is rather Sa when 
compared with the situation in some of the other 
cities where data of this kind have been obtained. 

The table below shows the number of trucks used 
in this territory classified according to capacity. 

Number of trucks by capacities, Cincinnati area 

Capacity in tons ey ales Per cent | Capacity in tons Pen ehet Per cent 

i ae ee 16 SAE Ss ces ae eee 2 3 
Pema oe es ate 32 35 | OF seco 2a eee 12 13 

eee Seer ST ese 18 2 = 

7 ee aneeeias 10 | 11 |] Total...----- 90 100 

It is to be noted that over 50 per cent of the trucks 
are of 1-ton and 14-ton capacities and that 34-ton 
trucks are the largest operating in the territory. Small 
trucks are favored because the routes are not long and 
because the roads over which they have to operate 
contain a great many steep grades. All of the trucks 
are operated by one man to each truck. 

The extent to which the trucks of smaller capacity 
are confined to the shorter routes is shown in the tabula- 
tion below. 

Number of trucks operating in the various mileage zones by 
capacities 

Mileage zone 1-ton | 14-ton | 2-ton | 2k-ton | 3-ton | 3}-ton | Total 

aes eee Lee ae Seat eee SS eae ae 
iS, Se a a eee ee 11 14 3 | Ch eeeeenes 1 32 
20 ee ee ees a 5 3 | 1 1 3 15 
ae 1 8 6 2 1 i 25 
MO AQ beetee Stet Ree! | 1 5 5 | 7 ilies Pls a eae 15 
ibis” oS aaes Sek ieee | PW a Di) eee eee ee 1 3 

OCA = eo ese ee | 16 32 18 | 10 2 12 90 

While there are 48 trucks of 1-ton and 14-ton capa- 
city, 25 of these are operated in the 10-19 mile zone. 

Only four of the twelve 3}-ton trucks are in the 10-29 
mile zone; the rest are operated over longer routes. 
_ The type of body used very generally in this section 
is the or es rack body which can be used for both 
milk and stock hauling. Those trucks which are used 
exclusively for hauling milk are for the most part 
equipped with stake bodies. Livestock, particularly 
calves and hogs, are often transported along with a 
load of milk. The health department requires that 
where livestock is carried on the same truck with milk a 
light board partition of sufficient height be placed to 
separate entirely the livestock from the (Gadi of milk. 

RETURN-LOAD BUSINESS NOT DEVELOPED 

The glass-lined tank truck has never been tried. 
Most of the trucks are owned by individuals who live 
in the country and operate but one truck. The return- 
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Map of Cincinnati milk shed showing routes and mileage zones 

load movement is not developed to any extent largely 
because no one has taken the initiative to organize and 
put in a central freight depot. One truck operator 
stated that he had tried to secure return loads but had 
to give it up because he found himself spending too 
much time driving from place to place in the city to 
gather his load. He felt that it paid him better to 
hurry home after delivering his load of milk and take 
a load of livestock back to the city in the afternoon. 
Such double trips could, of course, be made only where 
the route was of short distance. Several operators on 
routes from Kentucky have made arrangements to 
take back groceries and dry goods from wholesalers to 
country stores along their route. They felt they could 
give this kind of a return service because not much 
time was required of them to collect the return load 
but they refused to go into the general parcel and ex- 
press business. 

The number of operators and number of trucks 
operated by them is shown in the following table. 

Number of truck operators by classes and number of trucks operated 
by each, Cincinnati area 

Operators Trucks 
Class | ‘ Pgeagte SORES Ae? 

' | Number | Per cent | Number | Per cent 
- $$$ |—-—_—— 

Endividtialg.<epetaas eee es oe | 64) 98.5 | 78 | 87 
BL) ATI GS Se eat ee ee 1 | 1.5 | 12 13 

65 | 100.0 | 90 | 100 
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According to this statement the 90 trucks pup eeec 
in this traffic were owned by 65 operators. Only a few 
of the individuals owned and operated more than one 
truck. Only one dairy company which operated 12 
trucks was directly engaged in the transportation of 
milk. All the milk hauled by its trucks was obtained 
from 9 receiving stations most of which were beyond 
the 30-mile limit. 

RATES CHARGED IN CINCINNATI AREA 

An examination of the map of the Cincinnati milk 
shed and the information collected in making this 
survey indicates that the recent extension of the milk 
shed has been largely into Indiana and Kentucky. 
The new milk routes which have been established tend 
to follow the new and improved roads. Road con- 
struction has made possible to many farmers a new 
industry with a market ready to absorb the output. 

While there are no definite uniform rates in effect 
for the transportation of milk by motor truck it is 
found that motor-truck operators grade their charges 
somewhat in accordance with the distances hauled. 
These rates may be stated as follows: 

| : 4 
| Rate in | APProxi- | Rate in | APPrOxt 

Mileage zone be ier rate in Mileage zone | ae rate in 
| bees cents per | P cents per 
pounds | allon | Pounds | gallon 

LO-10Ege yee eee 25 | Dig RA0-10 sae Soe eee | 40| 3.43.8 
20220. Pee ete S| 30 | 2D ROO 50 sees meek eee | 50 4.3 
pac: ew Wha | 35) ea0-0/4 | 

| 

These rates approximate 1 cent per 100 pounds per 
mile. Variations are found where poor and difficult 
roads are encountered. There is also a growing ten- 
dency among the truck men to add a differential of 
5 cents per 100 pounds during the winter months when 
their operating costs are higher and their loads smaller 
on account of the seasonal fluctuations in the produc- 
tion of milk. 

The Ohio Legislature passed an act in 1923 which 
requires all motor trucks engaged in the transportation 
of goods for others to register and obtain permits as 
common carriers. This change affects the operating 
expenses of all of those engaged in the business of trans- 
porting milk. The act provides that common-carrier 
motor trucks pay, in addition to the regular license fees, 
certain common-carrier fees and that the operators of 
such common-carrier trucks must take out cargo, 
liability, and property damage insurance. <A 2-ton 
truck, for example, with a 35-horsepower rating paid 
as regular license fees about $32 a year. Under this 
new law it will have to pay in addition $80 as a common- 
carrier fee and insurance premiums amounting to 
about $105. This legislation adds approximately 
$185 a year to the costs of operating this kind of a 
truck. It will be interesting to see what effect these 
increased costs will have upon the motor-truck rates 
and the number of trucks operated. 

MOTOR TRUCK HAS BEEN THE MEANS OF PROVIDING FOR GREATLY 
INCREASED CONSUMPTION IN DETROIT 

In 14 years, from 1910 to 1924, the population of 
Detroit grew from 465,766 to 1,250,000, an increase 
of 168 per cent. With the ever increasing demand for 
milk the Detroit distributors had to look for new pro- 
ducing areas. It is significant that the areas developed 
did not lie along the railroads and electric lines which 
had been furnishing the greater part of the city’s milk 
supply. The growth of Detroit has been coincident 
with motor-vehicle and highway development and 

these agencies not only furnished the means of trans- 
porting the new supply but also took over a considerable 
portion of the business handled by the older agencies. 

In the following table there is shown a comparison 
of the amount of milk transported by these different 
agencies during July, 1915, and during February, 1924. 

Milk transported by different agencies, July, 1915, and February, 
1924 

July, 1915 February, 1924 

Per Per 
Pounds | - cent Pounds cent 

Steam railroadss2s02 #2529 eee ne eee 5, 363, 415 41.8 775, 710 2.1 
‘Hlectric railroads s2- eee ee ee 5, 421, 810 42.3 3, 265, 290 9.1 
Motor trucks and wagons_--_-__-----__-_-- 2, 038, 130 15.9 | 31, 748, 690 88.8 

(Potalss Rt. 5 ase s ee eee ee 12, 828, 355 | 100.0 | 35, 784, 690 100. 0 

In 1924 when wagon shipments had ceased, 88.8 per 
cent of Detroit’s milk supply was shipped by motor 
truck whereas only 15.9 per cent came in over the 
highways in 1915 by motor truck and by wagon. 
Steam and electric railroad shipments shrank from 
84 per cent in 1915 to 11 per cent in 1924. 

MOVEMENT OF MILK TO CITY LARGELY FROM RECEIVING STATIONS 
WITH LARGE TRUCKS PREDOMINATING AND LONG HAULS 
FREQUENT 

With the constant increase in the mileage of im- 
proved roads the effective trucking radius has been 
correspondingly increased so that at present there are 
five trucks operating in the 70-79 mile zone. The 
numbers of motor trucks engaged in the transportation 
of milk according to mileage zones are shown in the 
table below. 

Number of trucks in the various mileage zones, Detroit area 

Number Number 
Mileage zone of Per cent | Mileage zone of Per cent 

trucks trucks 

O59 rer ee Sek Ps ne YS dy a a) ie 2 ee a 15 12. 
JO0-19). 2 s3 hirano ies 959 60=69s.-5 o_o 10 8, 
20-20 ae 32 26:2) We 70792 52 ee Se Be 5 4, 
30-302. es eens 26 21,3 ————_—_— 
40-49 he eee Te 22 18.0 122 100. 0 

Almost 65 per cent of the motor trucks bringing 
milk into the city operate over routes 30 miles and 
over in length. The large number of trucks in the 
higher mileage zones is a significant fact. Approxi- 
mately 25 per cent of the trucks go beyond the 50-mile ~ 
radius for their loads. 

The 122 motor trucks engaged in this milk traffic 
are classified as to capacity in the following table. 

Trucks classified by capacity, Detroit area 

~ | Number , Number 
Capacity in tons of Per cent Capacity in tons of Per cent 

trucks trucks 

5 a i ape SS 2 1.6 | ES. co ee 'y 4 3.3 
Lh See ee ae 4 3.3 | Sia eee 37 30. 5 
9: Fe, Boe ia a 12 GE eye ee ae ae eee oe 1 .8 
2: ee Ae 14 11.5 | 5 
Doe eee Se 27 22. 2 122 100. 0 
BEES Le See ate etek 21 17223 

Trucks of large capacity predominate in number and 
65 out of the 122 are tank trucks. Approximately 
75 per cent of the trucks have a capacity of 3 tons and 
over; 30.5 per cent are in the 5-ton class. The 74-ton 
truck is used in hauling crates of bottled milk from a 
farm 20 miles outside of the city over a hard-surfaced 
road. The run is made in a little over two hours. 

Only 12 of these trucks are engaged in pick-up 
business, hauling directly from the farm to the city 
dealer or dairy plant. The others are all operated 
between country receiving stations and city dairies. 
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The 12 trucks picking up milk along the road do not 
go beyond the 30-mile limit and are all of the smaller 
capacities. 

n the Detroit milk shed there are 120 receiving 
stations where the milk is collected from the producers, 
put through a cooling process in the summer months, 
and shipped to the city dairies either by tank trucks 
or by large can trucks. There are 110 trucks engaged 
in this kind of traffic, 65 of which are tank trucks. 
It is generally stated that there are more tank trucks 
engaged in the transportation of milk in the Detroit 
area than in any other section of the United States. 
The establishment of such a large number of receiving 
stations in this section and the transportation of cooled 
milk in cans and tank trucks was largely caused by 
the ruling of the city health department requiring the 
milk to arrive at a temperature not above 60° F. 
The enforcement of this rule hastened the establish- 
ment of receiving stations and also the bulk method 
of transportation. 

The majority of these receiving stations are owned 
and operated by the city dairy companies. A few are 
owned by farmers’ cooperative associations and by 
individuals. The typical receiving station consists of 
a small frame building equipped with a small boiler, 
can-washing machine, and cooler. The larger stations 
have additional equipment for separating, churns, 
cheese vats, condensing pans, and ice machines. The 
smaller stations use natural ice for cooling. The milk 
is hauled to the stations in small trucks and wagons 
by the farmers and by local individuals who may en- 
gage in that business. The price paid for this hauling 
usually averages from 15 cents to 20 cents per 100 
pounds depending on the roads and distances. 

TANK TRUCKS USED FOR LARGE VOLUME MOVEMENT PARTICULARLY 
FROM DISTANT STATIONS 

In cases where shipment to the city is made by tank 
truck the truck is run alongside the receiving station . ~ 
where it is filled either by gravity or by a small com- 
pressed air pump. ‘The tanks are filled to capacity 
to prevent churning en route. Where receiving stations 
are located near to one another the tank trailer has 
been found very useful. The tank truck and the tank 
trailer proceed to the first station where the trailer is 
left to be filled while the tank truck goes on to the 
station beyond to get its load. On the return trip 
the tank trailer is picked up by the tank truck and 
both are taken to the city dairy. 

Of the 65 tank trucks 35 are owned and operated 
by one concern which has a contract for this kind of 
hauling with one of the largest dairies in Detroit. 
The average daily hauling of these 35 tank trucks and 
the number of receiving stations they serve, and the 
various mileage zones are shown in the following 
statement. 

Average amount of milk hauled daily with 35 tank trucks, mileage 
zones and number of receiving stations, Detroit area 

| | 
Average | Average 

Num- Average Num- | Average 
Mileage | ber of | eer amount || Mileage ber of | erp | amount 
zones sta- | penis per | zones sta- | hauled | per 

| tions daily } station tions daily ! | station 

Pounds | Pounds | Pounds | Pounds 
IY Sl Oe en 5 | 17,433 3; 4877.1|\"50550- 22s 5 | 118,180 | 22, 636 
Bae set 6 | 38,861 674.77 NG60-69222 2 ee 1 18,934 | 18, 934 
As) iene 7 | 84,591 1208851 70-70.2-- a= 2| 41,480 20,740 
40-49____.___. 4 | 383,158 8, 289 | | 

1In some areas the gallon is the standard unit, while in others the pound or hun- 
dredweight is used. For purposes of comparison it may be remembered that 100 
pounds of milk represents 11.7 gallons. 

The average amount of milk hauled from these re- 
ceiving stations daily ranges from 3,487 pounds for the 
stations in the 10-19 mile zone to 22,636 pounds per 
station in the 50-59 mile zone. It is observed that the 
daily amount moved from stations increases with the 
distance to the stations, with one exception. 

Where trucks take over business formerly handled by 
railroads, the railroad rate is adopted as the trucking 
ee The following are samples of motor-truck rates 
in effect for various distances: 

Typical motor truck rates, Detroit area 

l l 

| Distance ueotess Distance | cae 
Station | in | oe ion Station in vers 00 

| miles Dee | miles | Per 100 
| pounds | pounds 

Washington_______- | 30.0 | ZalitPeters. + ese seo. et 38. 0 30 
Mem phismaess se | 53. 5 | 50 || New Boston _- 27.3 45 
Macomb: 2220.25 | 30.0 | Tae NY Glbzens oe ene 25:'5 45 
UTicate sa eee on | 21.0 | 24 Scolield==2e2. 32-6 = 34.0 45 

| | | 

The hauling from the last three stations is performed 
by one concern, which charges a flat rate of 45 cents. 
In genéral, the rates are graded in such a manner as to 
approximate a charge of 1 cent per 100 pounds per mile, 

Tank trucks are used principally for transporting milk from receiving stations to 
the city plant. A large fleet of such trucks is used in the Detroit area 

though there are obvious exceptions. The survey did 
not show that any differentials were made as between 
tank trucks and other types of trucks used in the trans- 
portation of milk. 

Practically every milk truck in the Detroit area em- 
ploys the services of a driver only, which is to be ex- 
pected where the entire load is secured at one point. 
Few trucks entering the city pick up milk along the 
road, and in no case is cooperative hauling done. ‘There 
has also been no development of the return-load feature, 
with the exception of small shipments of ice cream 
taken back from the city dairies to points in the country. 
The use of tank trucks naturally eliminates the oppor- 
tunity of developing city-to-country shipments of mer- 
chandise and other kinds of freight. 

CITY OF MILWAUKEE LOCATED IN HEAVY MILK PRODUCING 
SECTION 

The greater part of the milk supply of Milwaukee is 
received from the territory within 30 miles of the city. 
This takes in the whole of Milwaukee County, the 
northern part of Racine County, the eastern part of 
Waukesha County, and the southern parts of Washing- 
ton and Ozaukee Counties. Lake erie on the 
east prevents any milk coming from that direction. 
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This half-circular territory is probably the heaviest 
milk-producing section in close proximity to any large 
city in the United States. Along the outskirts of the 
city’s milk shed are found a string of condenseries and 
a number of receiving plants operated by Chicago milk 
distributors. 

As late as 1916 half of the milk consumed came to the 
city by wagon and the other half was Sure by rail- 
road. At the present time, as is shown by the table 
below, almost 90 per cent of the milk is transported 
into the city by motor truck and the wagon has been 
wholly displaced. 

Number and per cent of cans transported daily by rail and motor 
truck, Milwaukee area 

Number 
GE Per cent 

INMOtOMTrueK sss eee ee eee Job tacan oie See see ae 7, 352 87.5 
Blectric'railroad 222. -< = = eas See ee eee 1, 055 12.0 
Steam railroadiz. 2ecete noe ae ote ee ee ee ee eee 50 ai) 

8, 457 100. 0 

A type of body especially built for milk hauling. Note side opening, tight sides 
for protection against freezing, and canvas cover. Cans must be of uniform size 
for maximum load 

The containers are all 8-gallon cans. These were 
the average daily receipts in the month of February, 
1924, at a time when several of the outlying routes 
were closed to motor traffic so that the rail lines were 
at this time carrying slightly more than their normal 
share. It is noteworthy that the steam railroads 
which penetrate and serve this whole area carried only 
50 cans of milk a day. The electric railroad has been 
able to hold its milk shipments largely because it has 
worked out a coordination of its rail service with 
motor trucks which act as feeders. It has made an 
arrangement with an operator of two motor trucks 
which collect on an average of 300 cans each and deliver 
at the milk platforms on the interurban line where 
they are picked up by a special train and hauled into 
the city. 

That Milwaukee’s milk trucks operate in a territory 
ee distant from the city is shown in the following 
table: 

Number and per cent of trucks operating in various mileage zones, 
Milwaukee area 

. | Number 
Mileage zone panies Per cent 

0-0 2 PEN ee ee ee es a re ee eee § 4.0 
1OH10 set os Stet be A eee Bee ee ee ee Be Se ed 71 56. 8 
20-20 oa he ohn atte a suet Seka eee ste Benes s os Peet eee | 45 36. 0 

a an) pee ee Sy ieee s Ree ayes SAL eC hee Oi LOL a RT | 4 372 

(Potalts soe. a soe eee ee eee | 125 100. 0 

There are 125 motor trucks engaged in hauling milk 
directly to the city dairy plants; 76 trucks, or 60.8 per 
cent operate within the 0-19 mile zone; 45 trucks, or 36 
per cent, operate in the 20-29 mile zone; only 4 trucks, 
or 3.2 per cent, operated over routes between 30 and 
39 miles in length. 

In the following table the motor trucks are divided 
both as to capacity and to mileage zones. 

Number of trucks classified by capacity in the various mileage 
zones, Milwaukee area 

| 
Mileage zone | 1-ton | 13ton} 2-ton | 24 ton | 3-ton | 34ton | 5-ton | Total 

= = SRT) = i, Fs I 

O50 a eee ee 4 ) | RR At Ae nn, ee |S 2s Se eres met i Sa eee | 5 
10-19 eacesees 8 10 21 20 3 6 | 3 71 
20 = 20 hae hana ee ll 8 5 10 Bess ee 2 45 
30280 senna 2 dR ko eae tee oe trees ee | 1 4 

Total..__- 25 20 26 30 12 6 | 6| 125 
Per cent_.-.._.- 20. 0 16.0 20.8 24.0 9.6 4.8 | 4.8 100. 0 

Out of a total of 125 trucks only 6 or 4.8 per cent are 
of the 5-ton class. Over 56 per cent of the trucks are 
in the 1 to 2 ton class. On account of the small area 
over which they operate it can not be said that the 
small-capacity trucks are found only in the low-mileage 
zones and the larger trucks in the higher-mileage zones. 
The tabulation shows that one of the 5-ton trucks 
operates in the 30-39 mile zone and there are two 
1-ton trucks operating over the same length of route. 

Most of the trucks are equipped with bodies of light 
board construction to prevent the freezing of milk. 
Where the ordinary stake bodies are used there is much 
trouble on this account in winter. Bodies of sufficient 
height to allow plenty of room for double-decking a 
load of standard 8-gallon cans are used. All the cans 
being of the same size, the hauler is enabled to load his 
truck to maximum capacity. The bodies have side 
gates so that the trucks can readily load from milk 
platforms on both sides of the road. 

RECEIVING STATIONS NOT NECESSARY IN MILWAUKEE AREA 

The large volume of milk which can be gathered in 
the territory close to the city makes the establishment 
of receiving stations unnecessary. The rates of the 
small trucks delivering milk to receiving stations are 
practically as high as those charged for shipment to the 
city milk plants. An experiment was made with the 
operation of a tank truck from a receiving station 12 
miles from the city but the operation was finally dis- 
continued when the station haulers demanded nearly 
as much per 100 pounds as direct city haulers were 
getting f. 0. b. city plants. With the excellent system 
of hard-surfaced highways possessed by the Milwaukee 
milk shed it is doubtful whether receiving stations can 
be successfully operated within the present confines of 
the milk-producing territory. 

The milk trucks in this territory are owned mainly 
by individuals who live in the country at or near the 
point of origin of their respective routes and who farm 
a few acres after the daily milk hauling is completed. 
These farmer-truck operators, who compose about 90 
per cent of the tote: number, usually own but one 
truck, sometimes two. ‘There are no large fleet organi- 
zations such as operate in the Detroit milk shed. The 
trucks are usually operated by the owner and there is 
seldom a helper employed. ‘The owner and operator 
of the truck acts in the capacity of the farmer’s agent 
rather than the dealer’s. The hauling contract is made 
between the hauler and the producer and not between 
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the truck owner and the dealer. The dealer, however, 
deducts the hauling charges from each producer’s 
monthly milk check and remits these to the truck 
operator thus saving the hauler the trouble of collecting 
a number of small accounts. 
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eee OUTLINE OF MILWAUKEE MILK SHED 

Map of Milwaukee milk shed showing routes and mileage zones 

Twelve of the trucks engaged in milk traffic are 
owned and operated by one of the largest dairy com- 
panies. This company employs several of its smaller 
trucks as feeders to the larger trucks operating over 
longer routes. 

Milk hauling is an everyday business. The milk 
must move in the winter as well as in the summer, on 
stormy days as well as fair. Consequently steps have 
been taken to assure the regularity of truck movements 
despite heavy snowfalls. Milwaukee is fortunate in 
having practically all of its incoming main country 
highways constructed with a hard surface, and the 
efficient snow removal by the counties from which the 
milk comes has permitted trucks to reach the city in 
all kinds of weather. Snow removal in Wisconsin is 
left to the county authorities. Drift fences have been 
a big aid at several points and snow plows are placed 
in operation as soon as the snow commences to fall. 
These are kept operating without stopping until the 
snow ceases. During extremely heavy snow condi- 
tionsand when thefrostiscoming out of the ground the 
milk is brought by the producers over the dirt roads 
to the main hard-surfaced roads where the regular 
trucks pick it up from platforms. 

The return-load traffic has not been developed to 
any extent in the Milwaukee area. Most of those 
operating the milk trucks have a good paying load of 
milk and do not seem to care to develop this additional 
business. Because of the relatively short routes many 
f the trucks make two trips with milk and others 

haul produce to market in the afternoon after they 
have returned the empty milk cans from the morning 
trip. 

HIGH RATES CHARGED BY TRUCKS TRAVERSING BAD ROADS 

The rates charged for hauling vary for trucks cover- 
ing the same length of route. In order to give a com- 
plete picture of the rate schedules there are shown in 
the following tabulation the exact rates charged by 
each of the trucks and the length of the routes and also 
the average rates for each of these instances. 

Average 
eb ee rate, 

Miles | Rates in cents per 100 pounds charged by each truck cents 
per 100 
pounds 

| a UN (See 

TO Oe eee, See ee Bes Aes eee ee ees a Se Se Ee, 15 
Salhi 6; 20 aera Se et Sens SL ey es A eee ey On 19. 6 

LOHET5s1 5 ee esa Tat CDR a aden ye ey a 15 
11 | See PP ee RE ee apr Deen RE. See ya et OR Ee 18 
ORIENT i = Rives ae tee a oAetanella isIE eS SY 2 Wel ee ee See el 19 
LG H) 97-Aey Ua G8 BS GS a Se eA a NE A 8 ee. 9 el ea ie re ee ee 21.5 
fA iy 2), 25,45, 20; 20, 20) ) 0s, 2a vied TON TALI DOTLRE ea te ese 21 
15 | 23, 23, 22, 20, 23, 23 22,3 
16 | 23, 23, 23, 23, 23, 22, 23, 21, 23 22.6 
WE MADR OS chee diet dk  Ris eB ae Ey ae 23 
18 | 20, 25, 24, 25, 22, 23, 25 24 
1LOVWod Way aa eel | Sentero pian ener gent eo. 24 
20 | 27, 23, 20, 25, 23, 22 23.3 
SUMS G0 ee a ws trade a ee SPOR RE NP A oat ans PRE UR cS | 30 
22 | 23, 25, 30, 23, 25, 30, 23 25.5 
93 4|023203;105 eee nO Rn Laer MERIT OR ee | 23. 6 
DA 385-503. O1ROR aa od tise OR MN Ae slg OETA Sore te e's | 23 
MME LSE css she Ee, ey Co ey, Gea eee ft: AN chee RES DN | 30 
D6 ip 28 = tel ad aie ee eae See a DES GIN Ee LIES EO 5 28 
27:08 ;.06 Sex A ee cae ee I eee eR hay Re | 27 
23 80" 25) BO suet haeenen elem We Te ahs Re MP An hy at. 28, 3 
30 | 30, 30_- 30 

40 lO 20 30 

DISTANCE - MILES 
Diagram showing average rates per 100 pounds for hauling milk by truck for varying 

distances in Milwaukee area 

0 

The rates average from 15 cents per 100 pounds for 
a short haul of 7 miles to 40 cents for a 39-mile haul. 
For distances of 27 miles and over the rate approxi- 
mates 1 cent per 100 pounds per mile. For the shorter 
distances it is erie higher. Up to 10 miles the, 
rate is practically 2 cents per 100 pounds per mile and 
for distances above that it is in the neighborhood of 
14 cents. There are, however, glaring inconsistencies 
in some of the rates charged for specific distances. It 
is usually found that where there are higher rates than 
others for similar distances the trucks charging the 
higher rates collect their loads in sections which are 



not provided with hard-surfaced roads and then have 
some distance to go before they strike the main im- 
proved highway leading into the city. As an illustra- 
tion, there are two trucks operating a distance of 12 
miles; one charges 15 cents, starts at a point on a 
hard-surfaced road and continues over it until it reaches 
the city; the other truck, which charges 23 cents going 
the same distance, proceeds for about 4 miles before it 
reaches a concrete road. Similarly the two trucks 
which charge a rate of 15 cents for a distance of 14 
miles operate over a hard-surfaced road the entire 
route; the other trucks operating over a like distance 
charge higher rates and in most cases follow routes 
which are not confined solely to the higher types of 
roads. There are undoubtedly other reasons which 
may account for these differentials in charges for the 
same distances, but the condition of the highway 
appears to be the important factor and accounts for 
most of the variations. 

CHEAP TRANSPORTATION BENEFITS BOTH PRODUCER AND 
CONSUMER 

In the following table is shown a py one of net 
prices received at the farm in a number of milk markets 
of the country in 1923: 

Average milk prices, 1923 

Average || | Average 
net price || | net price 

: per 100 1: per 100 
City | pounds City | pounds 

at the | at the 
| farm farm 

Philadelphia eae see seas $2. 46 | Columbusse=) =) = ae $2. 08 
Cincinnalis ee eae 2.02 eat Pittsburg hise= atena. sees 2. 34 
Detroit. ss ee ae 25232 e@levelandsaes = ==. aes 2. 50 
St. Paul and Minneapolis____| Roa -- 
Chicago (estimated) _._______ 1.60 || Average =o 2. eee 2. 152 
LLOUISVILG: seen ek ee SG si Milwaukeet eos) ease | 2. 39 

The average retail selling price in these cities, ex- 
cluding Milwaukee, was 12.9 cents per quart; in Mil- 
waukee the average retail selling price for 1923 was 
10.41 cents per quart. This indicates that the pro- 
ducers in the Milwaukee shed received 11.5 per cent 
more than the producers supplying these other markets 
and the consumers paid only 81 per cent of what the 
consumers paid in these other cities. The higher price 
received by the producers is to a large extent accounted 
for by the production of such a large quantity of milk 
in an area close to the market, thereby reducing the 
amount which has to be paid out for transportation. 
The high-type roads in this area are factors in holding 
haulage charges down to a low level. Extensive use 
of motor trucks in the transportation of milk has 
eliminated the necessity of city hauling from railroad 
terminals to dairy plants. This was an expense which 
the distributors had to bear and its elimination is one 
of the factors which enables them to sell at a lower 
price than that charged in other cities. : 

PRACTICALLY ALL MILK NOW SHIPPED BY MOTOR TRUCK IN ST. PAUL 
AND MINNEAPOLIS 

From the standpoint of the transportation and mar- 
keting of milk St. Paul and Minneapolis, commonly 
called the Twin Cities, are generally considered as one 
market. The producers who supply these cities are 
organized and are known as the Twin City Milk Pro- 
ducers’ Association, composed of over 6,000 members. 
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The association controls about 80 per cent of all the 
milk produced and sold within the milk shed of these 
two cities which lies within a radius of 40 miles. On 
account of large quantities of surplus milk at various 
seasons of the year the association has found it necessary 
to operate 15 receiving stations which are equipped to 
manufacture one or several milk products, such as 
butter, cheese, casein, and condensed milk. During 
the late summer and the fall months, when the produc- 
tion of milk is lower than at any other time of the year, 
these stations may be shipping their entire supply into 
the Twin Cities to meet the demands of the distrib- 
utors. During March, 1924, the association handled 
23,186,496 pounds of milk. Only half of this was sold 
as fluid full to the city distributors, the rest being con- 
verted into milk products at these country stations. 
Consequently only 50 per cent of the milk bought by the 
association was nae to the Twin Cities, thereby 
saving that part of the hauling cost. 

Of the total amount of milk handled by the associa- 
tion only about 1 per cent is shipped by railroad; the 
remainder is hauled direct by motor truck to the plants 
of the city distributors or to the nearest receiving sta- 
tions of the association. There are now only four rail 
shipping points, located from 30 to 47 miles distant, 
and these are not on any of the State highways. 
There are still a small number of farmers who haul 
their milk directly by wagon or truck to city dealers or 
in some cases they do their own distributing from door 
to door. The milk brought in by this method is only 
a small portion of the consumption of these two large — 
cities. 

At the present there are 122 motor trucks engaged in 
hauling milk directly to the city dairies or to the two 
central plants maintained in the Twin Cities by the 
association. These plants are operated by the asso- 
ciation as pooling plants to which various city dealers 
come for the milk which they distribute. The number 
and per cent of trucks in the various mileage zones is 
shown in the following table. 

Number and per cent of trucks in various mileage zones, Twin 
Cities area 

Number : Per 
Mileage zones of trucks cent 

0 2 See och sae Cecice Sites oe Se ee Re ee 11 9.0 
10-19. S283} SS eeh a etek oe eee ees he ee ee 45 36.9 
2O=20 8 es 3 oe eee ee ee eee eee ree 54 | 44.2 
30-30: sic ae ee ets ak Cie ee ee eee 12 | 9.9 

Totalte Sek tee os Se oe ae ei 5 aT 122 100.0 

Practically 90 per cent of the trucks are operated 
within the 0-30-mile zone and the remaining 10 per 
cent are in the 30-39-mile zone. In addition to these 
trucks there are nearly 60 station haulers who gather 
milk within a radius of 10 to 15 miles from the various 
receiving stations. The milk produced within 25 
miles of the Twin Cities is usually taken directly to 
the city dairy plants or to the association’s two central 
plants. Milk produced in the territory beyond is 
diverted to the country receiving stations where it is 
cooled and reshipped to the Twin Cities or manu- 
factured into milk products. There are only two tank 
trucks operating in this territory. These are used by 
one of the distributors in transporting his supply of 
milk from country receiving stations to his city plant. 

eee 
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The classification of the motor trucks engaged in 
the milk traffic by capacity is set forth in the Plows 
tabulation. 

Number and per cent of trucks by capacity, Twin Cities area 

| 
4a | Number ere Number 

Capacity in tons | Rite | Per cent || Capacity in tons Bie Per cent 

| = el ee | | | 
io | 76 | COSINE? seme BE oe eel | 5 4.1 
yee een. ee | 12 | SRE sy ee are ae 4 3.2 
ee 20 | 16.4 | 
oA ee | 5 4.1 | | 122 100. 0 

The large number of trucks of 1-ton capacity is 
striking; 62.3 per cent of the total number are in this 
group. Almost 90 per cent of the trucks are of 1 to 2 
ton capacity. Practically all of the trucks are fully 
equipped with pneumatic tires. 
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TRUCK RATES HIGHER THAN FOR OTHER AREAS 

The average rates charged for hauling milk by motor 
truck are set forth in the table following. 

Transportation rates charged by trucks, Twin Cities area 

| 

Average | Average 
ratein || ; rate in 

Distance in miles cents per || Distance in miles cents per 
100 100 

pounds pounds 

(Oo Se i rr DAO MN 20220 een coi te Bec, 2 Se 33. 0 
VERO eS ae 2S ORE O0 200 Wie see Mee en eee fy 37.5 

) | 

These rates are higher than those in several other 
milk sheds. Higher rates are partly due to road condi- 
tions but can not be entirely ascribed to this cause. 
The general use of pneumatic tires results in higher 
operating expenses. It is claimed by those engaged 
in this business that they are necessary in order to 
operate successfully over the snow-covered roads dur- 
ing the winter months. Many haulers quote a winter 
and a summer rate. Others maintain a uniform rate 
which they feel is high enough on the average to cover 
their added costs during the winter months. 

The milk trucks in this territory are owned and 
operated by individuals living in the country where 
their routes originate, 81 operate 1 truck each, 16 oper- 
ate 2 trucks, and 3 operate 3 trucks each. This indi- 
cates that there is no developed fleet operation. Sev- 
eral milk trucks are operated by country storekeepers 
who use their trucks in bringing back return loads of 
merchandise and the return load movement is con- 
fined to this class. 

Under a statute recently passed these milk trucks 
operating over regular routes and on fixed schedules 
are classed as common carrier vehicles and have to pay 
as a tax and license fee 10 per cent of the value of the 
truck. The “base price for taxation”’ is obtained from 
a statement filed by truck manufacturers, “less 10 per 
cent for the second year, less 20 per cent for the third,” 
and so on until the eighth year when it is 70 per cent 
for that year and for each subsequent year. The old 
rate was based on an assessment of 2} per cent of the 
value. 

MOTOR TRUCK HAS GROWN TO PRINCIPAL AGENCY FOR MILK TRANS- 
PORTATION IN INDIANAPOLIS 

Although Indianapolis is located in the heart of a 
rich agricultural district, the production of market 
milk in the counties tributary to the city has always 
been limited in quantity until recently. City distribu- 

tors in order to meet the demands of the market were 
forced to reach out distances of 40 to 50 miles which 
meant the establishment of receiving stations. The 
milk, after it was cooled, was shipped in cans from these 
stations to the city by steam a electric railroads. 
Highway transportation has caused a great change in 

the last five years, developing a producing area which is 
much closer to the city. Receiving stations are grad- 
ually being closed. One large dairy company has 
closed 8 out of 12 stations and expects to close 1 or 2 
more this year. The producing area or milk shed has 
in this case grown smaller rather than larger. For 
both the producer and the city distributor the use of 
the motor truck in hauling milk has greatly simplified 
operations. 

The average amount of milk transported into Indian- 
apolis daily Aeaite the month of March, 1924, is shown 
in the following statement: 

Amount of milk transported into Indianapolis, daily average, 
March, 1924 

| Amount | 
| of milk in| Per cent 
| pounds | 

a 

IMEOUOT: CYC kt fe soceebse soc ee ee ee en ee ee ree eee ee a | 224, 458 | 94 
Blectric: railroad Seeeee. se eee ee ee oe ae 14, 450 6 

Dy eee ee ee ee Oe ee Le ee eee eee | 238, 908 | 100 

A receiving station equipped to convert surplus milk into other products 

Five years ago the electric railroads carried 50 per 
cent of the milk supply, wagons 30 per cent, steam 
railroads 10 per cent, and motor trucks 10 per cent. 
At the present time no milk is received by steam 
railroad and the traction lines bring in only 6 per cent 
of the total supply. The traction lines lost this kind of 
traffic largely because the motor truck furnished a 
complete service from the point of production in the 
country to the city dairy plants. 

The number of trucks engaged in this service and the 
mileage zones are shown in the following statement: 

Number of motor trucks operating in the various. mileage zones 

Mileage zones | eal | Per cent. || Mileage zones | peas bed Per cent 

2k ecg Oy Ne | 4 | 7G oa (oe eae oe 17 19.8 
1Q=1 Ok Seen oon ee | 26 SOC 2) 60-4002 ss See aoeae on 10 11.5 
20220 leer ss een 29 33. 8 - 

Motel sees 86 100. 0 
II 
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This table shows that over a third of the trucks 
operate in the 0-19 mile zone and another third in 
the 20-29 mile zone. Two-thirds of the number of 
trucks engaged in this traffic operate in the area within 
30 miles of the city. 

In the following table is shown the number of trucks 
by capacities operating in the various mileage zones: 

Number of trucks by capacities in various mileage zones 

Mileage zones | 1-ton | 14-ton | 2-ton | 23-ton | 3-ton | Total 
) eee iz | 2 ak all as Hh PD We ate 

QO 2 Se er ee ee eae Arata Se oS le len oer acer | ee fer ae 4 
10-19: Sis oe ee eee it 10 4 1} |e eae 26 
20-20 Se aie oe eee ee tae ae 17 | 8 Ar | ieee she 3 9) ee eae 29 
30=39 228 Coe ase a te eases 14 | i PER ae a ee ee 17 
40-40 SS ti ae beak ee 7 | Dp |e eee eee 1 10 

Totaltnt -hale eee e eS 10 1 | 1 86 
Pericen t's ck ee ee ee 61.6 | a a OA) LD 1.2] 100.0 

The large number of small trucks operating in this 
territory 1s significant; 86 per cent are 1 to 14-ton 
capacity; 97 per cent are 2-ton or less. All the trucks 
are of the open-body type except one 3-ton truck 
which is of the closed-van -type and operates from a 
receiving station over a 48-mile route. 

In the following table are set forth the average 
rates charged by the trucks and by one of the electric 
lines. 

Rates charged per 100 pounds by trucks and by electric railroads, 
Indianapolis area 

| 

Electric - | Electric 
oe railroad | Sides? railroad 

Distance ee igs rates per | Distance io ager per 
| = 

pounds | pounds | pounds | pounds 
Pe Bee P 

Miles Cents Cents — Miles | Cents Cents 
jE Se eee ee 30 19) 84118035222 et eee 25.73 
LOLI} Seat ets eee 33 2182 Wine0-40E Re ean 48 26.46 
1530 See eas ee 36 22.:787\) 40745 ae eee 50 27.20 
20-2) oe ee 39 230521 |) 4000 Sess see nae 50 28. 67 
ZOU eae Ae See 42 | 24, 26 

The truck rates for the shorter distances average 
OOO higher than the rates charged in other 
territories for short hauls. For the longer distances 
the rates are slightly more than a cent per 100 pounds 
per mile which seems to be a normal scale in other 
cities. Although the truck rates are maintained on a 
higher level than the traction-line rates still shipments 
by motor truck have been increasing. 

Return loads are seldom carried by the milk trucks 
in this territory. The trucks are practically all owned 
by individuals living in the country who may be farm- 
ing ona small scale. The license fees paid are the same 
as are paid by other trucks not engaged in regular 
service. 

CHARLES M. UPHAM APPOINTED DIRECTOR OF ADVISORY BOARD 
ON HIGHWAY RESEARCH 

Gs M. UPHAM, State Highway Engineer of 
North Carolina, has been recently appointed 

director of the Advisory Board on Highway Research 
of the National Research Council, to succeed Dr. 

W.K. Hatt who resigned 
in order to resume. his 
work at Purdue Univer- 

sity. 
The present board in- 

tends to continue the 
excellent plans already 
effected and to extend its 
activities so that the re- 
sults of highway research 
may be practically ap- 
plied by the States and 
counties carrying on 
programs of highway 
construction and main- 
tenance and by others 

interested in highways. The organization has been 
extended so that each State highway department 
may have a ‘representative on the board who will 
serve as a point of contact between it and the State. 
It is also planned to have similar representation from 
universities engaged in highway research. 

Charles M. Upham 

Mr. Upham, the new director, has had extensive 
experience in highway work. He received his early 
training with the Massachusetts highway department 
and later became chief engineer of the Coleman du 
Pont Road in Delaware. Following this he was for 
four years chief engineer of the Delaware State High- 
way Department, when he was called to take charge 
of the extensive highway construction program in 
North Carolina. Mr. Upham holds a B. S. degree 
from Tufts College and an honorary C. E. degree from 
the University of North Carolina. He is an associate 
member of the American Society of Civil Engineers 
and holds active membership in many other technical 
societies. For the past two years he has been business 
director of the American Road Builders’ Association, 
and has been reelected several times to his present 
position as secretary of the American Association of 
State Highway Officials. . 

It is expected that Mr. Upham’s wide acquaintance 
and broad experience in the highway field will make his 
connection as director of the Advisory Board on High- 
way Research especially valuable to those agencies 
which can utilize the information being made available 
by this organization. 

The offices of the board are now located in the new 
and imposing building of the National Research Coun- 
cil at B and Twenty-first Streets, Washington, D. C. 
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will vary with the kind and conditions of subbases. 
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FRICTION TESTS OF mopar 2 ON VARIOUS SUB- 

BY A. T. GOLDBECK, CHIEF, DIVISION OF TESTS, UNITED STATES BUREAU OF PUBLIC ROADS 

Pa rational design of any structure, whether it be 
a bridge or a pavement, necessitates a knowledge 
of the stresses to which it will be subjected. In 

a framed structure, stress analysis is comparatively 
simple, and may be made with practical surety. When 
one attempts, however, to analyze a concrete road slab, 
a bewildering maze of uncertain forces is found. The 
uncertainty lies not so much in not knowing what forces 
exist as in an almost total lack of knowledge regarding 
their magnitude. We know that a concrete road slab 
is acted upon by forces which tend to slide it along its 
supporting base, which bend it, warp it, subject it to 

direct compression or tension, or to a combination of 
direct stresses and bending, forces of shear which tend 
to abrade its surface, and disrupting forces which 

_ weaken it locally. The series of tests discussed in this 
article was made to throw light on at least one of the 
forces acting on concrete roads, namely, the force of 
friction at the base. 

It has been shown by several investigators that con- 
crete elongates and shortens due to two principal 
phenomena; change in temperature and change in 
moisture content. A coefficient of 0.0000055 per de- 
gree Fahrenheit seems to accurately express the effect 
of temperature change. Tests' made on a number of 
large specimens of concrete demonstrate that moisture 
also plays an important part in influencing the length 
of concrete structures. Measurements made on new 
concrete after hardening and repeated at a later date 
indicate that drying out may cause a shrinkage of as 
much as 0.06 per cent while specimens kept in a moist 
condition may expand 0.01 per cent. Both old and new 
concrete if subjected to alternately wet and dry condi- 
tions must inevitably expand and contract. Carefully 
conducted field measurements ? made with a specially 
designed instrument corroborate laboratory measure- 
ments and show that concrete pavements are subjected 
to considerable motion over ane subbase. 

DETERMINATION OF FRICTIONAL RESISTANCE A STEP TOWARD 
RATIONAL DESIGN OF CONCRETE PAVEMENTS 

Heavy masses of concrete can not be slid over the 
ground without considerable frictional resistance which 

In 
order to study the effect of the movement of pavements 

on the internal stresses developed, let a hypothetical 
case be considered in which the pavement after being 
laid is subjected to a rise in temperature and in addi- 
tion, due to weather and subbase conditions, is not 
allowed to dry out. Such a pavement will necessarily 
expand and the ends of the slab will move away from the 
center. Friction will act to resist this movement and 
in this way becomes an external force producing almost 
direct compression in the concrete. Should the fric- 
tional resistance exceed the compressive strength of 
the concrete, a compression failure will result. 
Assume another case in which the temperature de- 

creases considerably after the laying of the pavement, 
and let the concrete dry out due to dry weather 

1 The Expansion and Contraction of Concrete while Hardening, by A. T. Gold- 
.* beck, 1911 Proceedings of American Society for Testing Materials. 

2 See United States Department of Agriculture Bulletin No. 532, The Expansion 
and Contraction of Cencrete and Concrete Roads. 

and a well-drained subbase. This concrete will shrink 
and the ends of the slab will approach its center. Fric- 
tion will act against the movement and tension will be 
produced in the concrete. Concrete is weak in tensile 
resistance and not much shrinkage is required to crack 
the pavement if the subbase is very rough. From 
these considerations it will be recognized that as a step 
toward the rational design of concrete pavements the 
determination of frictional resistance at the base is 
necessary, and the following investigation was made 
with this in view. 

DESCRIPTION OF SPECIMENS AND METHOD OF TESTS 

The bases of concrete roads have been of varying 
character. Loam, clay, old macadam, gravel, sand, 
and many other kinds of material support the concrete, 
and some offer more frictional resistance than others. 
In planning the series of tests, therefore, a number of 
different bases were used. Shallow ditches 6 inches 
‘deep, 3 feet wide, and 7 feet long were first dug in clay 
soil at the Arlington Experimental Station of the Bu- 
reau of Public Roads. Filling material forming the 
subbases was then deposited, tamped solidly, and 
smoothed or otherwise treated in readiness for placing 
the conerete. Upon the subbases slabs were cast 2 feet 
wide, 6 feet long, and 6 inches thick of 1:14:83 concrete, 
machine mixed, of medium-wet consistency. The vari- 
ous subbases prepared were as follows: 

A. Clay, smooth top surface. 
B. Clay with cobblestones partly rolled in surface. 
C. Broken stone, three-fourths inch to dust, flat top 

surface. 
D. Concrete base, top surface troweled smooth. 
E. Loam, smooth top surface. 
F. Sand, top surface smoothed and oiled with heavy 

flux oil. 
G. Clay, surface scored to make it uneven. 
H. Gravel, three-fourths inch to one-fourth inch, flat 

surface. : 
I. Broken stone, 3-inch 
J. Concrete base, troweled surface, oiled with heavy 

flux oil. 
K. Sand, surface smooth. 
L. Clay, oiled with heavy flux oil. 
The first set of tests was made when the specimens 

were one month old. <A frame made of a piece of one- 
half-inch round steel bent to surround the specimen was 
fastened to the pulling chain, which in turn was linked 
to aspring dynamometer. Force was applied by means 
of a light steel rail used as a long lever. Two men at 
the end of the lever were able to apply a constantly in- 
creasing force with great steadiness. The movements 
of the slab were read by means of a Berry strain gauge, 
and in this way the movements corresponding to the 
force applied as indicated by the dynamometer were 
obtained. 

The forces required to slide the specimens, together 
with their corresponding movements are shown in the 
diagram. Each specimen weighed approximately 870 
pounds. The ground during these tests was damp but 
very firm. It will be noted that movement takes place 
almost as soon as the load is applied in all cases except 
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that in which large broken stone was used in the base. 
Here there is great friction from the start until finally 
when a load of 1,000 pounds is reached slipping begins 
to take place. Great force was required to start the 
slab, after which no more was necessary than in some 
of the other bases. Apparently the coefficient of fric- 
tion is not constant but varies with the displacement. 
When the slab on the loam base had been slid 0.035 inch, 
the load was gradually released, and the return move- 
ment noted on the strain gauge. The subbase seemed 
to behave in a somewhat elastic manner as the slab ac- 
tually recovered considerable of its forward movement. 
This can be accounted for only by the pay springing 
back of the subbase toward its original position, carry- 
ing the slab along with it. The values of the frictional 
resistance offered at various displacements are given in 
Table 1. 

FRICTIONAL RESISTANCE LOWERED BY WET SUBBASE 

The same specimens and a few more that had been 
completed in the meantime were again tested after a 
period of about a month and a half. During this inter- 
val the ground was frozen solid almost all of the time, 
but the day before the tests a thaw set in, and com- 
bined with rain served to make the ground exceedingly 
muddy. The bases of most of the specimens were 
thoroughly saturated with water which stood on the 
surface in small puddles. The results obtained under 
such conditions are shown in the diagram, and it will 
be noted that the frictional resistance is considerably 
lower than it was in the previous tests. The water 
acted as a lubricant and permitted the slabs to slip 
easily. The values of the frictional resistance offered 
at various displacements are given in Table 2. 

The results in the latter table, when compared with 
those given in the previous table, show very clearly 
that much depends upon the moisture condition of the 
subbase. A wet subbase permits the concrete to slide 
very much more easily than does a dry subbase. This 

TABLE 1.—Frictional resistance of concrete on 

apparently applies also to the specimens placed on 
broken stone and gravel bases, particularly when the 
movements are small. 

FORCE 

REQUIRED 

POUNDS 

2000 
TESTS MADE WITH SUB-BASES DAMP BUT FIRM 

‘600 

1200 

800 

400 

(e) 

1200 

800 

400 

ce) 

Movement of concrete slabs on various subbases due to application of horizonta 
forces. Horizontal divisions represent movements of two one--thousandths of an 
inch. All slabs were 2 feet wide, 6 inches thick, and weighed 870 pounds 

In order to try the effectiveness of a heavy oil coat- 
ing for decreasing the friction at the subbase, several 
specimens were made having sand, clay, and concrete 
subbases treated with a heavy flux oil. The oil was 
applied while hot and was spread over the surfaces 
with a broom in a layer of sufficient thickness to com- 
pletely cover the subbase. The concrete was deposited 
on these oiled bases immediately. So far as can be 
noticed, the oil is not effective in decreasing the friction 
in any of the bases, even when applied to the concrete 
base that had been carefully troweled smooth. It was 
impossible to slide the concrete specimen on the con- 
crete base, even when a load of 2,500 pounds was 
applied. No attempt was made to apply a greater 
load than this, because 2,500 pounds was the limit of 
the dynamometer. When the maximum load had 

(Continued on page 23) 

various subbases in damp but firm condition 

4 Move- Coeffi- Move- 4 | Coeffi- Move- Coeffi- 
ind of base ment Force cient ment Force | cient ment Force cient 

Inches Pounds Inches Pounds Inches Pounds 
Levels Clive. toes cae ee ees Set a aS 0.001 | 480 0. 55 0. 01 1, 1380 | toi} 0. 05 1, 800 2. 07 
LINSV CTL weCla yes eee ee eee bs ae See oe nats 0.001 | 500 0. 57 0. 01 1, 120 | 1, 29 0. 05 1, 800 2. 07 
Lam ert esis = See eater eae Bee eons ese eee 0.001 | 300 0. 34 0. O1 1, 030 | 1,18 0. 05 1, 800 2.07 
Level sands: 254 en eae eee ae een ee Se ee 0.001 | 600 0. 69 0. 01 1, 080 | 1, 24 0. 05 1, 200 1. 38 
Zinchveravel 3. tks goeee te eee ee Ce ee See 0. 001 450 0. 52 0. 01 960 1.10 0. 05 1, 100 1. 26 
g-inch. broken" SUOUC ase ee ean ee ee 0. 001 380 0. 44 0. 01 800 0. 92 0. 05 950 1.09 
3-inch) broken: stone 5 as he ee Se eee ae ee 0. 001 1, 060 1, 84 0. 01 1, 550 | 1,78 0. 05 - 1,900 2.18 

TABLE 2.—Frictional resistance of concrete on various subbases in thoroughly saturated condition with water and surrounding 
ground exceedingly soft 

v3 | Move- Coeffi- Move- | Coeffi- Move- Coeffi- Move- Coeffi- 
Kind of base | ment Force cient || ment Force cient ment Force cient ment Force cient 

| 

| 

Inches Pounds || Inches Pounds Inches Pounds Inches Pounds 
eveliclayecss=- oa Be ee ee 0. 001 120 0.14 || 0. 01 | 300 0. 35 0. 05 500 0. 58 1.5 950 1.09 
Wnevenrclaye:ssce2 oc estes esas ae eee 0. 001 200 0,23 | 0.01 | 460 0. 53 0. 05 620 0.71 = ‘|| 1.4 925 1. 06 
oams2 +. 0s Pao 5 Se eee ee Sena 0. 001 150 OnLT | 0.01 — 260 0.3 0. 05 410 0. 47 0. 75 925 1. 06 
evel sand 22002 26. ae ee eee | 0. 001 140 0.16 0.01 | 280 0. 32 0. 05 400 0. 46 0. 75 875 1. 00 
#-inch Pravelon_.cs-= sseenaaaasaceew aes} 0. 001 510 0, 58 0. O1 | 640 0. 73 0. 05 950 1.01 0.5 1, 050 1.2 
+ainch broken: stones. °t see tee eee ee | 0. 001 400 0.46 | 0.01 | 660 0.76 | 0. 05 940 1.08 2.0 1, 160 1. 33 
3-Ineh Proken Stone e+ ses. sete eee ae 0. 001 240 0. 28 0. OL 630 0.73 | 0. 05 900 1. 04 0. 875 1, 625 1, 87 
Oiled Clay =. 22 deka nese n ote een ae eee 0. 001 150 0. 17 0.01 | 410 0. 47 0. 05 850 0. 98 1,25 1, 425 1. 64 
Olay'‘and:cobble'stones! 22222. fe = 2 | 0. 001 140 Omen 0.01 | 410 0. 47 0. 05 710 0. 82 1.75 1, 260 1. 45 
Concrete has6 =. eee 0. 001 2, 500+ 2.9 | 0.00; 2,500+ 2.9 0. 00 2, 500+ 2.9 + 0. 00 2, 500+ 2.9) 4 
Sand soiled 2 Aas at ae etete ee eo 0. 001 180 0. 21 0.01 | 280 0. 32 0. 05 480 0. 55 0. 375 800 0. 92 
GoncreteyOned eas ee ree \ 0. 000 2, 500+ 2.9-++ | 0. 00 2, 500+ 2.9 + 0. 00 2, 500+ 2,90 0. 00 2, 500+ 2.9 + 

| | 



21 

THE BULKING OF MOIST SANDS 
EFFECT OF PHENOMENON ON STRENGTH AND YIELD OF CONCRETE 

By Arthur A. Levison, Highway Engineer, United States Bureau of Public}Roads 

! When dry sand is moistened by mixing with a mod- 
erate amount of water, the volume of the sand is in- 

creased out of all proportion to the amount of water 
added. Stated otherwise, dry sand weighs more per cu- 
bic foot than moist sand. While this bulking or swell- 
ing phenomenon was recognized and investigated more 
than 30 years ago, the direct effect of it on the measure- 
ment of fine aggregates for concrete has attracted atten- 
tion only recently. The Iowa State Highway Commis- 
sion, for example, experimented in 1923 with the weigh 
ing of aggregates for concrete road construction and, as 
a result of the experiment, has adopted the practice of 
weighing as standard procedure. One of the advan- 
tages claimed for the weighing method is that the effect 
of moisture on the volume of fine aggregates can be dis- 
regarded, the only correction necessary being that for 
the weight of contained water. The inundation of 
sands has also been advocated as a means of measuring 
accurately under almost constant conditions the amount 
of sand and water for each batch of concrete. 

POTOMAC RIVER CONCRETE SAND ALLEGHENEY RIVER CONCRETE SAND POTOMAC RIVER ASPHALT SAND 

Fic. 1—Volume of sand obtained by drying out 1 cubic foot of moist sand 

Experiments made recently by the United States 
Bureau of Public Roads show that the extent to which 
a given sand will bulk is dependent principally upon 
itssnature and gradation, the manipulation, and the 
amount of moisture present. In general, fine sands 
bulk more than coarse sands. Figure 1 shows the 
shrinkage of three widely different sands, the volume 
of which, measured in a condition of maximum bulking, 
was 1 cubic foot. It is apparent that volumetric meas- 
urements of concrete sands under certain moisture con- 
ditions will give approximately 20 per cent less of 
actual sand than the same volumes of the sand when 
measured in a dry condition. 

BULKING AMOUNTING TO MORE, THAN 25 PER CENT POSSIBLE WITH 
ORDINARY MOIST SAND 

The relation between increase in volume and per- 
centage of moisture is shown by the curves in Figure 2, 
from which it is evident that the rate of change of 
bulking is most rapid for moisture contents up to 3 or 4 
per cent. Sands used for concrete construction are 
almost never dry and 3 per cent of moisture constitutes 
a barely damp condition. Even with 6 per cent of 
moisture there is no visible evidence of free water. 
On a 20-mile concrete paving job in Iowa where the 
aggregates were weighed, moisture determinations made 
several times each day showed that the moisture con- 
tent of the sand ranged from 3 to 6 per cent with by 
far the majority of the determinations lying between 
4 and 5 per cent. If the conditions on the Iowa job 
are at. all representative, it will be apparent that for 
sands © and M, laboratory bulking factors of 22 and 
28 per cent, respectively, will be sufficiently accurate 

SAND F- 
POTOMAC 
RIVER 

PERCENTAGES 
RETAINED ON 
STANDARD 
DIEVES 

4 INCH 
NO.10 
NO. 20 
NO 30 
NO.40 
NO. 50 
NO 80 
NO.100 
NO. 200 

PASSING NO 200 

PER CENT 
INCREASE 
INVOLUME 

32 

24, 

I8 20 

PER CENT OF MOISTURE BY WEIGHT 

(BASED ON WEIGHT OF MOIST SAND) 
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Fic. 2.—Curves showing the bulking of three different sands due to various per- 
centages of moisture 

for moisture contents between 3 and 6 per cent. An- 
other interesting fact evidenced by the bulking curves 
is that it was possible with sands C and F to incorporate 
sufficient water to bring the sands back to an equivalent 
of the dry bulk. In the case of sand M this could not be 
done by the methods adopted. 

The arrangement of appa- 
ratus for the laboratory test is 
shown in Figure 3. A stand- 
ard slump cone was support- 
ed in an inverted position so 
that its bottom was 12 inches 
above the top of a one-half 
cubic foot metal container. 
A weighing scale, shovels, 
scoops, and an ovenorsome -< E 
convenient means of dryin Fic. 3.—Arrangement of apparatus 

small samples of wet ctl pee 
completed the necessary equipment. The first step 
in a test was to determine the weight of one- 
half cubic foot of the dry sand when poured through 
the slump cone into the container without tamping. 
About 2 cubic feet of dry sand was spread on a con- 

Vee gm 
ge ae 
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Fic. 4.—Steel bins and batchers used to determine field bulking of sand 

crete floor and, beginning with a small amount of 
water, successive increments were added so as to raise 
the moisture content of the sand by steps of approxi- 
mately 1 per cent. After each increment of water, 
the sand was thoroughly mixed and agitated with 
shovels until the moisture was uniformly distributed 
throughout the pile. When each increment of moisture 
has been thoroughly incorporated, a representative 
sample of moist sand was taken to be weighed and 
dried for determination of the percentage of moisture 
based on the weight of the moist sand, and two or 
more determinations of the weight per one-half cubic 
foot were made. This latter operation was performed 
after dropping the moist sand through the cone until 
the container overflowed, the excess being struck off 
with a straightedge. The entire process was repeated 
until the sand became saturated and water began to 
drain off the pile. The computation for bulking was 
made on a weight basis by deducting the weight of 
water from the weight of one-half cubic foot of moist 
sand and finding the difference between this weight 
and that of one-half cubic foot of the dry sand. Divid- 
ing this difference by the weight of dry sand in one- 
half cubic foot of moist sand, the percentage of bulking 
was obtained. 

LABORATORY TESTS CLOSELY CHECKED BY FIELD EXPERIMENTS 

The effect of moisture on the volume of sand having 
been determined in the laboratory, the question arose 
as to what amount of bulking actually took place in 
the field on a construction job. For the purpose of 
obtaining this information, experiments were conducted 
with a modern concrete proportioning plant con- 
sisting of steel bins and adjustable measuring batchers 
with the constant strike-off feature.' 

The measuring batcher was first calibrated for capa- 
city at various settings of the adjustable feature with 
dry sand, the capacities being based on the weights of 
dry sand contained in the batcher. Normal stock 
pile sand was then loaded into the bin and, with the 
batcher set for a known cubical capacity as determined 
by the calibration test, it was loaded with the moist 
sand and the contents were then dumped and weighed. 
Deducting the weight of the water, the resultant 
amount of dry sand in a known volume was found. 
From this the bulking of the sand under plant condi- 
tions was computed. Incidentally, it was also found 
possible to compute the required setting of the adjust- 

This work was made possible through the courtesy and cooperation of the Blaw- 
Knox Co. of Pittsburgh, Pa. 

able batcher which{would give a capacity of moist 
sand equivalent in weight to the original capacity 
in dry sand. The above-described work was done 
with Allegheny River sand, designated as M in Figure 
2, and the bulking under field conditions was found 
to be 3 per cent less than that in the laboratory. 
The normal condition of the stock pile sand was 5.5 
per cent moisture content. Owing to the fact that the 
experimental work was done during February and 
March and that the plant was out of doors it was not 
found practical to reduce the moisture content below 
this percentage. Field experiments were made with 
moisture contents greater than 5.5 per cent up to a 
maximum. of 9 per cent and for this range the amount of 
bulking did: not vary any more than is shown by the 
bulking curves in Figure 2. A photograph of the 
plant used in the field tests is shown in Figure 4. 

YIELD 
CUBIC INCHES 
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OMPRESSIVE 
~ STRENGTH 
LBS. SQIN. 

2600 

2400 

2200 

2000 

Fic. 5.—Results of tests on concrete cylinders, showing effect of bulking of sand due 
to moisture and gradation of coarse aggregates on yield and strength of concrete 

THE EFFECT OF BULKING ON YIELD AND STRENGTH OF CONCRETE 

It is well known that nearly all of our laboratory 
tests, investigations and research on concrete have 
been based on mixtures with dry sand, while in practice 
on construction a dry sand is seldom available. As- 
suming that a 1:2:4 mix is under consideration, the 
laboratory bases its findings on the true mix with dry 
materials whereas on the job it is quite probable that 
the mix approximates more nearly 1:1.6:4. As a 
result of this the field concrete will have a richer mortar 
than intended, but there may be a deficiency of mortar 
which will affect both the workability and density 
of the concrete. If the workability is impaired, the 
tendency is to use More mixing water and thus the 
greater richness of the mortar may be offset to some 
extent at least. It follows, therefore, that a deficiency 
of mortar may have a direct effect on the strength and 
yield of concrete. 

For the purpose of studying the effect on yield and 
strength 96 6 by 12 inch concrete cylinders were made 
and tested. The gradation of coarse aggregates was 
introduced as aneadditional variable in order to learn 
its effect also. The fine aggregate was Potomac 
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River sand and where damp sand was used it contained 
6 per cent of water by weight. The materials were 
roportioned by volume under uniform conditions. 
he consistency was kept as constant as possible by 

the use of flow table measurements for each cylinder, 
in addition to measuring the amount of mixing water 

- 

a 

for each set of 16 cylinders. 

beforehand. 
The cylinders were made in sets of 16 on six different 

days, a complete series being cast each day. The 
operators doing the mixing and molding were changed 
from day to day so as not to carry any one personal 
equation throughout the work. It was found that the 

measurements for yield and the results of the compres- 
sive strength tests showed substantially the same trend 

The average results of the 
tests on the 96 cylinders are shown in Figure 5. 

CONCLUSIONS 

The test results recorded in Figure 5 form the basis 
for the following definite conclusions: 

1. With gravel concrete the yield per unit volume of 
coarse aggregate exceeds that with trap rock by about 
6 per cent. 

2. The decrease in yield due to the omission of 
coarse aggregate between one-fourth and three-fourths 
inches in size is from 3 to 4 per cent. 

3. The decrease in yield due to using the nominal 
volume of damp sand without a correction for bulking 
is 7 per cent for a 1:2:4 mix and 84 per cent for a 
1:2:3 mix. 

4. The decrease in yield due to using damp sand 
without a bulking correction and omitting the smaller 
sizes of coarse aggregate is 12 per cent. 

5. For a 1:2:4 mix, the mixes made with dry sand 
averaged 14 per cent stronger than those made with 
the same volumes of damp sand. For a 1:2:3 mix, 
the mixes made with dry sand averaged 3 per cent 
weaker than those made with the same volumes of 
damp sand. 

6. The omission of the smaller sizes of coarse aggre- 
gate resulted in a decrease in strength of from 12 to 14 
per cent. 

7.-With a 1:2:4 mix, the cylinders made with dry 
sand and well-graded coarse aggregate averaged 17 per 

cent stronger than those made with damp sand and 

ar 
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poorly graded coarse aggregate. With a 1:2:3 mix, 
this difference in strength was 12 per cent in the same 
direction. 

It should be borne in mind that the above conclusions 
are based on laboratory specimens only and can not as 
yet be interpreted to apply directly to field conditions. 
In fact, it is not the intention of this article to advocate 
the practice of making a volumetric correction for the 
bulking of sand on the job until it has been demonstrated 
that the scheme for making the correction is practicable, 

also that as a result the concrete is more economical 
and at least as strong as under present practice. It is 
thought, however, that the additional sand introduced 
into the mix, where an adjustment is made for bulking, 
may tend to improve the workability of the concrete 
and thus assist In maintaining a uniform consistency 
and securing a more economical and uniform concrete. 
All of these possibilities are yet to be demonstrated 
under actual construction conditions. 

(Continued from page 20.) 

been reached for some of the specimens it was slowly 
released, and the recovery of the specimen noted. In 
some instances this amounted to almost one fourth 
inch. It thus becomes evident that when the concrete 
slides over the subbase there is a considerable amount 
of yielding of the base material, and it is therefore to 
be expected that if the material is fairly homoge- 
neous, and the movement of the concrete takes place 
slowly the material of the subbase will gradually 
yield under this movement, and will thereby offer 
less resistance than these tests seem to indicate. 

LOWERING FRICTIONAL RESISTANCE SHOULD REDUCE FREQUENCY 
OF TRANSVERSE CRACKS 

In considering friction results, the maximum resist- 
ances are naturally of greatest importance, since these 
create the greatest stresses. Those given in the first 
table are therefore of more interest than those in the 
second, and these results very clearly show that the 
friction varies considerably , depending upon the charac- 
ter of the subbase. The indications are that friction can 
be greatly decreased if proper care is given to the prepa- 
ration of the subbase. Every ridge or depression that 
is in the subbase surface before concrete is deposited 
furnishes an additional grip for the concrete, thereby 
tending to elastically deform a larger amount of base 
material, and thus offering greater resistance to the 
sliding of the concrete. 

The formation of transverse cracks in the concrete 
bases can readily be ascribed to direct tension due to 
frictional resistance at a time when the concrete is con- 
tracting, whether this is caused by decrease in tempera- 
ture, or by drying out of the moisture. The test results 
show that the coefficient of friction can readily vary 
from almost 0 to something over 2 or more depending 
upon the movement of the concrete and the character 
of the subbase. The distance between transverse 
cracks is dependent upon the coefficient of friction, and 
the total force of friction must extend over this distance. 
Calling the coefficient of friction f, the distance between 
cracks D, the weight of the pavement per square foot 
Ww, we may write the equation: fxwx D=tensile 
strength of concrete per foot of width. Assuming the 
tensile strength of concrete to equal 100 pounds per 
square inch, the pavement to be 6 inches in thickness, 
the weight of a cubic foot of concrete to be 150 pounds, 
and the coefficient of friction to equal 0.5, the equation 
s stated as follows: 

0:5 7)0% D= 725-100, or D = 185 feet. 

If the coefficient of friction equals 2, the distance be- 
tween cracks becomes 46 feet. It is conceivable that 
conditions may exist in which the frictional resistance. 
may mount much higher than this, and may be exces- 
sive in spots. 

It is quite apparent from the above formula that in 
order to reduce the frequency of transverse cracks, the 
subgrade must be made as smooth as possible and the 
concrete must be kept moist as long as practicable in 
order to prevent tensile stress from being set up in the 
concrete before it has acquired high resistance to ten- 
sion. 



ROAD MATERIAL TESTS 

BUREAU OF STANDARDS SCREEN SCALE FOR TESTING SIEVES 

In the April issue attention was called to efforts 
being made by the American Society for Testing 
Materials to adopt a practical standard screen scale for 
testing sieves. Although progress is being made along 
this line by the society, the work of standardization is 
of necessity very slow. Until such standardization 
can be effected, the bureau believes that the United 
States standard sieve series, adopted by the United 
States Bureau of Standards, should be used wherever 
possible. 

In a circular letter dated April 15, 1924, the Bureau 
of Standards calls attention to certain revisions in tol- 
erances on wire diameter and average opening in its 
screen scale which make it possible easily to obtain 
sieves commercially which will conform to this stand- 
ard. The Bureau of Standards also offers to test any 
sieve for the purpose of determining whether it con- 
forms to the standard screen scale. The schedule of 
fees for this work is as follows: 

Test and certification or report on any testing sieve____~_ $2. 00 
Extra charge for placing a preliminary identification 

number on sieves not otherwise identified___________- LO 
Test and report on a piece of sieve cloth, per square foot_ 3. 00 

Tests for the Federal Government and for State 
governments are conducted without charge. 

Bureau of Standards screen scale for testing sieves 

Sieve | Tolerance} Tolerance ae 
num-| Sieve opening | Wire diameter in average in wire ayitittl 
ber | | | opening diameter opening 

| | 2 = = = ee 

| Milli- | Milli- 
| meters Inches meters Inches Per cent Per cent Per cent 

4 | 4. 76 0. 187 1027. 0. 050 +3] —15 to +30 10 
5 4. 00 . 157 1. 12 . 044 +3 | —15 to +30 | 10 
6 3. 36 AB ye 1. 02 . 040 -+3 | —15 to +30 | 10 
7 | 2. 83 oatle . 92 . 036 +3} —15 to +80 | 10 
8 | 2. 38 . 0937 . 84 . 0331 +3 | —15 to +30 10 

10 2. 00 . 0787 | SiS 0299 +3 | —15 to +30 10 
12) | 1. 68 . 0661 . 69 0272 | +3 | —15 to +30 10 
14 1. 41 . 0555 shall! 0240 +3 | —15 to +30 10 
16 | 1,19 . 0469 . 54 . 0213 +3 | —15 to +30 10 
18 1. 00 . 0394 . 48 0189 +3 | —15 to +30 10 
20 . 84 . 03831 . 42 0165 +5 | —15 to +30 25 
25 | ait! . 0280 Oil 0146 +5 | —15 to +30 25 
30 | . 59 . 0232 | . ao 0130 +5 | —15 to +30 25 
35 = 50 0197 29 0114 +5! —15 to +30 25 
40 | . 42 . 0165 . 25 . 0098 | 5 —15 to +30 20 
45 . 35 . 01388 By’y. . 0087 | +5 | —15 to +30 25 
50 . 297 . 0117 | 188 . 0074 +6 | —15 to +35 40 
60 . 250 | . 0098 | 162 . 0064 +6] —15 to +35 40 
70 . 210 . 0083 140 . 0055 +6] —15 to +35 40 
80 5 yes . 0070 119 | . 0047 +6] —15 to +35 40 
100 . 149 . 0059 | 102 | . 0040 +6 | —15 to +35 40 
120 . 125 . 0049 | . 086 . 0034 +6 | —15 to +35 40 
140 . 105 . 0041 | .074 |  . 0029 +8 | —15 to +35 60 
170 . 088 . 0035 063 | . 0025 +8 | —15 to +35 60 
200 . 074 . 0029 | 053 . 0021 +8 | —15 to +35 60 
230 | . 062 . 0024 . 046 . 0018 +8 | —15 to +35 90 
270 . 053 . 0021 | 041 . 0016 +8 | —15 to +35 90 
325 . 044 | 0017 | 036 | 0014 +8 | —15 to +35 90 

AND INSPECTION NEWS 

The preceding table gives the standard sizes of screen 
wire and openings with allowable tolerances as recom- 
mended by the Bureau of Standards. A detailed ex- 
planation of this table is contained in Bureau of Stan- 
dards Circular LC—74, copies of which may be obtained 
by addressing the United States Bureau of Standards, 
Washington, D. C. 

BUREAU OF PUBLIC ROADS DISCONTINUES TESTING OF ROAD MA- 
TERIALS FOR GENERAL PUBLIC 

On July 1, 1924, the bureau discontinued the general — 
practice of testing samples of road materials for an 
citizen of the United States. Samples will be tested 
only when submitted by or at the request of a repre- 
sentative of the United States Government, or of a 
State, county, or municipality, and then only when 
accompanied by a statement to the effect that the 
sampling was done by a disinterested party. This 
statement should be made on United States Bureau of 
Public Roads Form T-206, and should include the 
name and title of the sampler. 

INVESTIGATION OF STABILITY OF BITUMINOUS MIXTURES 

Study of the factors which influence the stability of - 
bituminous paving mixtures is being continued by the 
Bureau of Public Roads. Late in 1922 27 coarse- 
graded asphaltic concrete mixtures of widely different — 
proportions were laid upon a circular track at the 
out-of-door laboratory of the bureau at Arlington, Va. — 
These were subjected to truck traffic until their relative 
stability was shown by various degrees of displacement. 
Plans are now completed for the replacement of these ~ 
first mixtures with a second series, 28 of which will be 
sheet asphalt and five will be coarse-graded asphaltic — 
concrete. Certain indications developed by the orig-— 
inal series have been utilized in the design of these 
mixtures and further information regarding the be- 
havior of fine sand and coarse sand in comparison with — 
the so-called sheet asphalt sand grading is expected — 
to be brought out. Some of the sections will carry 
varying percentages of filler and in others asphalts of 
low susceptibility to temperature changes will be used. 

It is manifestly impossible to subject to service tests 
all materials in the infinite variety of combinations to— 
which they are susceptible. The ultimate objects 
of this investigation, therefore, are the development 
of the laws which influence stability and the evolution 
of a laboratory test, or series of tests, by which it will 
be possible to predetermine the service behavior and 
relative merits of bituminous mixtures. Consequently, 
in this scheme the service tests of a comparative 
few inixtures of widely different composition and of 
known traffic-resisting characteristics are expected to 
lay the role of a correlating agency between laboratory 

and field behavior. 
24 
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APPORTIONMENT OF THE FEDERAL AID FUND 
FISCAL YEAR 1925 
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