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COUNTY ROADS. 

BY T. U. TAYLOR. 

INTRODUCTION. 

The condition of the highways and roads of a country has always been and 
always will be a subject of the deepest importance. The character of the com
mon roads of a country is a good index of the degree of civilization of that 
country. The history of the progress of the human race can be read as well 
from it.a highways as from its inventions. The construction and maintenance 
of highways correctly marks the entrance into a higher and more advanced 
civilization, and their perfection rightly indicates the prosperity of a country. 
In the palmiest days of the Roman Empire the improvement of the highways 
was a sul>ject second only in importance to the success of her arms. The re
m.a.ins of her splendid roads can still be traced. Humboldt tells us that in 
Peru the roads established by the Incas can now be traced by their remains, 
and that their magnificence has for hundred of years defied the erosions of 
time and that their ruins still remain to relieve the severe aspect of the deserts 
of the Cordilleras. As the civilization of these governments disappeared their 
roa.da su1fered neglect, and now remain, like their history, only in fragments. 
The prosperity of a country, it is said, can be measured by its consumption of 
iron. This iron is used more in the construction of railroads and in the avo
cations that feed them than in other industries, and as the life-blood of a rail
road is it.a traffic and depends on the avenues that convey this traffic, we see 
that, admitting the first proposition (it seems to be true), the prosperity of a 
country can be measured by the condition of its roads. "They are rightly con
sidered the arteries and veins of a country. Through them fl.ow the agricul
tural productions and commercial commodities, which is the life-blood of the 
Bat.." On their number and their efficiency, the facilities for trade reac.iring 
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all points, and the rapidity of commercial communication from one point to 
another, depend. A healthy body depends upon the free and easy circula
tion of the blood, and its vigor and strength vary in direct proportion. This 
is also true of the circulation of trade, and the commerce of a. city or country 
generally establishes its importance. Handsome buildings do not give us 
healthy reputation abroad-but trade, business, and the exchange of com
modities. These and these alone show our photograph to the world, and tell 
what we are and what we a.re doing. 

Upon the prosperity of our farmers must always depend the prosperity of 
our other a.vocations, and it is no trite phrase to say that civilization begins 
and ends with the plow. The prosperity of any effort must depend on the 
prosperity of some underlying effort. The progress of one clMS must always 
include the progess of all others. Upon the prosperity of our farmers must 
depend the prosperity of our cities and towns, and upon the prosperity of our 
cities and towns, what does not depend? 

A..DVANTAG:B¥3 OF GOOD ROADS. 

The honor of having the first conception of the modern broken stone road 
belongs to the French. Thirty years afterward John Macadam and Thomas 
Telford introduced these roads in England, but it must be understood that 
their roads are only an extension of the French roads. Macadam's reputa
tion was made more in repairing than in making roads.* 

The advantages to be obtained froin a good system of roads is very little ap
preciated. It is asserted that the military roads of Marshall W a.de through 
the Highlands of Scotland did more for the civilization of the Highlands than 
all the preceding efforts of the British monarchs, and that the later roads 
made under the more scientific direction of Telford produced a change in the 
state of the people unparalleled in the history of any country for the same 
space of time. Large crops of wheat soon covered former wastes, and the 
country was advanced one hundred yea.rs in importance, while real estate in
creased in value sevenfold. t 

To the farmer roads are directly beneficial. By the most accurate experi· 
ments of eminent road engineers it has been found that on a good broken 
stone road a horse can draw three to four times as much as he can on a com
mon dirt road. This supposes that both roads are in fair condition. In the 
rainy seasons the relative capacity of the horse is greatly increased, for on the 
metal road his tractive effect remains nearly the same in wet and dry 
weather; but on dirt roads his effective tractive force varies from one-third to 

*Harper's Weekly, August 10, 1889. 
t Gillespie's "Roads and Railroads." 
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F.ero. We thus see that under the most favorable circumstances the amount 
of team to be used in the case of the broken stone road is decreased two
thirds. But taking into account the fact the merchantable crop of the farmer 
is ready for the market in the winter, when the roads are usually in bad con
dition, it is safe to say that broken stone road offers an advantage of four to 
five times that of our common road. As the result of close observation in 
the State of Illinois, it is stated by her road commissioner that for two-thirds 
of the year not over half of what is usually considered a good load can be 
hauled. One of the civil engineers of that State, estimating more in detail, 
says that for one-quarter of a year only a good load can be hau~ed; for another 
quarter, two-thirds of a full load, and for the remaining half year not over 
one-half of a good load can be hauled. This estimate for lllinois would not be 
materially changed for Texas. It is true that our winters are not so long, but 
our dirt roads are much worse, and even after dry weather sets in they often 
remain for a long time in the horrible condition which the last heavy rain 
left them.* 

Many of our citizens have never used a good road for hauling purposes, 
and therefore their ideas of the gain to be derived are not specific. In Gen. 
Gillmore's "Roads, Streets, and Pavements" he gives the following values 
88 the result of dynomometric tests on the differest classes of surfaces. In 
this the number of pounds required to draw a ton of 2240 pounds are given: 

Iron rails . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 pounds 
Telford road . . . . . . • . . . . . . . . . . . . . . . . . . . • • • • • . .. 46 pounds 
Macadam ....••............•..•........ . ....... 65 pounds 
Dirt ..•.•. : .•...............•.... . ......•...... 200 pounds 

Before proceeding to conclusions, we must say in regard to this table, that 
for the best steel rails in our best railway practice the coefficient of traction 
is less than 10 pounds. The coefficient of traction of 200 pounds for dirt roads 
is not an estimate for our black land roads in dry weather. When the surface 
is not rough, and when thoroughly compacted by travel, the dirt road, for the 
time being, becomes 88 good as a Macadamized road. Its coefficient would 
be nearer 46 or 65 pounds to the ton than 200. This is true only for a small 
fraction of the year, and in the rainy season it is the worst road possible. 
The writer has often thought that during the dry season the travel would 
naturally select the dirt, and in the wet the Macadamized road. This would 
save the wear of the latter, and the saving would probably compensate the 
county for making a parallel track of dirt road. If we should average the 
daily observations for the year, I am sure the 200 pounds for dirt roads would 
be increased. It is seen from the table that the advantage obtained by mak

*"Road Legislation for the American States," by J. W. Jenks. 
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ing a Macadamized road is three, while a Telford road gives an advantage of 
over/our. 

The advantages to a city from roads radiating from it are well seen. With 
the ease of travel only double, the amount of trade would be increased four 

times. The comparison of the amounts of trade in the two cases is easily 
made by considering the town or city the center, and drawing circles whose 
radii represent according to scale the relative advantages of the roads. The 
areas of these represent the comparative amounts of trade.* If a town is the 
market for wheat or cotton, and its feeding roads are so improved that the same 
wheat or cotton can be hauled three to four times as far, its trade will be mani
festly increased nine to sixteen times. This supposes a uniform population and 
no competition from other towns. Even the latter factor, as pointed out by 
Professor Jenks, in his "Road Legislation for the American States," intro
duces another decided advantage to the farmer in giving him the choice of 
markets, and he can thus command the situation. When one town knows 
that it is impossible on account of roads for the farmers to take their cotton 
or grain elsewhere, it is natural that the town should o:ffer the lowest price of 
the market; but when the possibility of the farmers going to some other mar
ket confronts them, it is very likely that the highest prices will be offered. 
"The farmers, too, get the benefit of the competition thus brought about be
tween rival towns in the lowering of the price of goods which they must buy, 
with oftentimes an increase of those they must sell." 

t Some years a.go an estimate was made in Berlin to ascertain how much an 
improvement in their pavements and roads would save annually per horse. 
After many observations it was found that this was over $25. In other 
words, the people were paying that much per annum for not improving their 
streets. Prof. Ely, of Johns Hopkins Umversity, thinks that a conservative 
estimate for Maryland and the adjoining States would be $15. This means 
that the farmer is paying each year $15 per horse for the privilege of using 
bad roads! This is the toll road, in every sense of the word. Every bad road 
in the country is a toll road, that exacts more tax than the annual gate fees 
would amount to on a turnpike. The State of Texas has no provision in her 
laws for toll roads, but here they are, without any legislation on the subject. 
How long will the farmers of Texas pay this toll? Let us take the estimate 
of Prof. Ely and see what it means for us here in Texas. We will confine 
our calculations to the more populous counties of the State. It is a fact· that 
many of our horses in our oldest counties are range horses, and it is a:qother 
fact that this estimate of $15 was not made for a black waxy region. To be 
within the safest of safe bounds let us say $5. If the reader will glance at 

t "Problems of To-day," by Professor Ely, page 148. 
*"Gielespie's Roads and Railroads." 
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the annexed table, in which the headings will sufficiently explain themselves, 
it will give us an idea (although a rough one) of how much our poor roads 
are costing us. The data are ta.ken from Commissioner Foster's "•rexa.s 
Agricultural and Statistical Report" for 1889: 

Counly. Number of horses. Wealth. 

Grayson ............. . ........ 18,774 ................. $13,497,000 
Collin ••••.•.... . .............. 22,014 . . . . . . . . . . . . . . . . . 9,854,000 
La.mar ............ . .. .. ........ 15,805 . . . . . . . . . . . . . . . . . 9,365,000 
Fannin ............•........... 19,735 . . . . . . . . . . . . . . . . . 9,233,000 
Hunt ........ . ....... . ......... 14,646 . . . . . . . . . . . . . . . . . 7,885,000 

These five black land counties have a total valuation of property of $49,· 
000,000. There are here 91,000 horses. A county official of Hunt County 
says, in a letter to the writer, there are 9000 farm horses in that county. In 
this group there would be then, according to this, 56,000 farm horses, giving 
a cost annually of $280,000, or about $50,000 per county-about 60 cents 
on the $100. 

The following extracts are from " Road Legislation for the American 
States," by J. W. Jenks: 

" In the Engineering News for 1877, Clemens Herschel, in an article on 
roads, said: 'The English horse employed in the streets of a city or on the 
roads of a country, does twice as much work as the American horse similarly 
employed in America.. This is the patent, undeniable fact. The simple ex· 
planation is that the Englishman has invested in perfect and permanent roads 
what the American expends in perishable horse flesh that requires to be fed.' 
He denies that the English horse is superior to the American horse in any 
sense of the word. 

"In ta.king the tenth census of the United States, an attempt was made to 
ascertain the average cost of hauling wheat to the market. While the testi
mony was variable and had quite a wide range, it was found that the average 
cost of transporting 100 bushels of wheat one mile was 60 cents. When the 
distance is more than 20 miles, the cost of getting it to the market eats up the 
profits. According to the best authorities, it costs the farmer more to carry 
a bushel of wheat one mile than it costs a railway to transport a ton the same 
distance. When one thinks of the nearly 500,000,000 bushels of wheat grown 
yearly, practically all of which has to be transported over our roads, and then 
add to this the more than two billion bushels of other grain produced annu
ally, the importance of good roads and the gain arising from building them 
becomes manifest " 

Every time a farmer repairs his wagon, his harness, his buggy, etc., he is 
paying that much tax in labor and money to bad roads, for which they return 
nothing to him, but are continwi.lly calling for more. Every time he buys 
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these he is paying part of the price for the privilege of driving over bad roads. 
Our farmers may complain that they can't stand the tax to make and main
tain good roads. Let me say here that the introduction of good roads would 
not increase, but decrease, the resultant taxation. Every farmer in Texas 
pays annually more taxes to bad roads than would pay his annual fees over 
the most excellent system of turnpikes ever constructed. 

We complain of our farmer boys leaving the farm and rushing to the cities, 
and the complaint is just. Why do they leave? Is it because farm life, or 
better country life, does not offer as many attractions? Why is it that the 
country life in the older States is so desirable? The reason will be found in 
the better equipment of the country in all respects. One of the greatest 
agencies in this work is our schools. Thanks to good management, they a.re 
now on rising ground, and it will soon be so that no farmer will be compelled 
to send his children to town to reach schools. A greater agent still in this 
work of social reform is the introduction of first-class roads. When our 
counties become belted and checkered by fine Macadamized roads, the stam
pede from the country to the town will cease, and we shall see the tide turn 
the other way. It needs no statement here to convince any one that the so
cial life in the country would be improved, and that instead of our country 
boys selling their patrimonies and joining in the strife for wealth in the teem
ing cities, we shall see them settle down to the sturdy life of the yeoman cit
izen. 

The following report was ma.de to the British House of Commons by one 
of its committees when the agitation of the road question was going on there: 
"By the improvement of our roads every branch of our agricultural, commer
cial, and manufacturing industry would be materially benefited. Every article 
brought to market would be diminished in price, and the number of horses 
would be so much reduced that by these and other retrenchments twenty-five 
million dollars would be annually saved to the public. The expense of re
pairing roads, and the wear and tear of carriages and horses would be essen
tially diminished; and thousands of acres, the produce of which is now wasted 
in feeding unnecessary horses, would be devoted to the production of food for 
man. In short, the public and private advantages which would result from 
effecting t'ha.t great object, the improvement of our highways, are incalcula
ble." 

METHODS OF SUPPORTING ROADS. 

All methods, directly or indirectly, depend upon taxation in some form or 
other. When the roads are established as toll roads, by a labor levy, by an 
ad valorem tax, by a poll tax, or by bonds, it is a tax still, and the method 
that gives the best roads should be the one adopted. 
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Toll roads are so well understood that it is not necessary to devote much 
space to them, especially as the laws of Texas make no provision for them. 
It is sufficient to say, that they are established according to the provisions of 
a charter obtained from the State by a company that expects the tolls allowed 
by law to pay good interest on the money spent in making and maintaining 
them. The history of toll roads has demonstrated the fact that they are suit
able only to a newly developed country where any other road ·is out of the 
questio'n. The greatest trouble with them has been the failure of the com
pany to make repairs. It is but reasonable to suppose that where the com
pany has to pay for the repairs that a.re made, that it should restrict these re
pairs to as few as poSBible. Even when the law provides in case of failure a 
forfeiture of the charter, it has been found almost impossible to force them to 
make the repairs. However, there are cases where it has proved a signal 
success. An objection to them from a social point of view was recently men· 
tioned by ProfeSBor Shaler.* When the members of a community have to pay 
for every ride they take, it is highly probable that they will restrict these rides. 
This could have but one effect, and that would be to dwarf all social inter
course. However, this objection entirely disappears if annual fees are paid. 

Another method, partially adopted in some portions of our States, is a com
bination tax. There is a certain tax every year known as the county road tax, 
which is under the control of county officials and is paid out to certain dis
tricts on condition that this district raises a certain specified amount to sup· 
plement the county fund. This depends on the principle of helping him who 
helps himself. One district is helped one year and another the next. 

The labor tax or labor levy system is so universally adopted that it needs 
more than a p&SBing notice. As usually carried out in practice it is very de
fective. In theory it has the same defects that a.re urged against a poll tax. 
The work is under control of an overseer, who generally knows little about the 
principles of road making, except what he has learned by discharging his few 
days of assessment from year to year. As everybody knows, the day is fooled 
away in discUSBing politics or retailing the latest goSBip of the country. As 
effective work the day's labor is not worth over three hours good, honest work. 
It is defective because there is no central authority to direct and plan. It 
has seemed to the writer for some time that a county road tax supplemented 
by the labor tax would prove effective with us here in Texas. First of all 
there must be a cotvnty e'Tlgineer, or some county official well skilled in the science 
of road making. The labor levy as now understood could be so changed 
that each individual be &SBessed so much money, with the privilege of paying 
it or worldng it out on the basis of the amount of work done, and not the 

*Scribner's Magazine, October, 1889. 
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time put in. This has long been the practice in France. The engineer or an 
able assistant could direct the work and see thait none is wasted. The custom 
of working all the men on one day should be abolished,, as !lli large body of 
men is unwieldy and cannot be handled to advantage. Let them know that 
they have so much work to do, and not so much time to put in, before they 
shall have discharged their annual indebtedness, and we shall see a different 
kind of labor. 

It is worthy of remark here that this labor tax is used in every State in 
the Union except five, and that it is used in four of these in cases of special 
levy, aud that in one only (Illinois) by a vote of the town. Many of the 
towns in the State of Illinois do vote the labor tax. Six of the States ma.de 
no provision for a money tax, but rely wholly on the labor levy.* 

The proposition to raise the money for road purposes by bonding the 
county has often been advanced. While it is theoretically very plausible, 
there a.re many difficulties in the way. Very few of our counties have suffi· 
cient taxable property to fl.oat enough bonds to do much good to the whole 
county with the present rate of road taxation. In Travis County the esti
mated wealth is a little over fourteen million dollars, and the present bonded 
indebtedness for road and bridge purposes is $121,000. This would restrict 
Travis, then, to a.bout $100,000 in bonds. If all counties in the State could 
do the same the method by bonds would be a royal road, but we must recol
lect that Travis ranks fifth in wealth and has a.bout one-fiftieth of the whole 
wealth of the State. 

PROBABLE COST. 

The writer has noticed recently many estimates of the probable cost of a 
Macadamized road per mile. This is usually placed at about $2000. Where 
there is no grading needed and the stone is near the road, $2000 would be 
ample to macadamize a. road one mile long with ma.ca.dam 6 inches deep and 
16 feet wide. A Macadam road over which the writer had control, and the 
construction of which he superintended, in the State of Virginia, cost, ex
clusive of grading, $3780 per mile. Here the depth of metal (broken stone) 
was 10 inches, the width 16 feet; the average haul of the stone to crusher 
was not over one furlong, and the labor as cheap as can be got in Texas. 
This road was partially built by the company and the remainder let out to 
contractors at $1.45 per cubic ya.rd of metal. In our black land district there 
can be found plenty of material, but the question to solve is how to get it to 
the place where it is wanted. 

A prominent official of one of our black land counties (named in a former 

*" Road Legislation for the American States," by J. W. Jenks." 
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portion of this article) writes me as follows: "We have not one foot of build· 
ing stone or yard of gravel in the county. I have figured closely, and I find 
it impossible for us to get material and build good roads for less than $5000 
per mile; and where the land is black waxy it will cost more than that. 
With the present taxable wealth of our county and the present rate of road 
tax allowed by the Constitution (15 cents on the $100), our county would be 
limited to less than $100, 000 in bonds. With the tax at its maximum allow
able rate, we could build only about 20 miles of road." 

Governor Hill, of New York, in his recent message to the Legislature re
commends that the roads of that State be classed and Macadamized. The En
gineering News, in its issue of January 11, 1890, says: "As Governor Hill 
suggests that these State roads be thoroughly well built Macadamized roads, the 
amount of expenditure is necessarily great. If the Telford pavement be 
adopted, such as is now used about Plainfield, Orange, and other parts of New 
Jersey that are interested in constructing first class modern roads, the cost 
would range from $8000 to $10,000 per mile. The Macadamized roads of 
the same State, four to six inches thick, are cheaper, but do not last quite so 
lo.ng, and cost more for maintenance; they range in prices from $30'00 for 
large contracts, to $8000 per mile. The very excellent Macadamized streets 
in Plainfield, New Jersey, cost only about $3000 per mile, and it is said the 
repairs on forty miles• of these streets, or roads, last year amounted to only 
*l 000. These streets, or roads, in the township of Plamfield, are 16 feet wide, 
and they are built under the direct supervision of the supervisor, and not by 
contract. The stone used cost about $1 or $1.25 per ton, and the usual thick
ness is only four inches. The sixteen-feet wide Telford roads of Union County, 
New Jersey, have twelve inches of stone upon them, and the cost is about 
$8000 per mile." It is hardly probable that roads can be built here in Texas 
cheaper than they can in Virginia, where the stone is near the road. A letter 
from the county engineer of Plainfield, New Jersey, to the writer, says: 
"The stone for our county improvement has to be hauled from two to five 
miles. Some is brought from a distance by rail and hauled from depot, but 
the majority of it is brought about three miles." 

SPECIFICATIONS l!'OR GOOD ROADS. 

The most important factors to be considered in making good roads, after 
location, which is usually determined beforehand, are its grade, cross-section, 
surface, and cost. The latter bas already been discussed, and needs no far
ther consideration here. The location is controlled by so many circumstances 
that any discussion here would be futile. Our roads are for the most part 
already fixed in position, and the problem is to improve their grade and sur

face. 
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The grade is usually specified (1) as so many feet per mile, (2) th~ ratio of 
length to the rise, (3) or in degrees. The English engineers adopt 66 feet to 
the mile as the ruling grade, while the French allow only 42. Telford's fa· 
mous Holyhead road through the mountains of Wale& has a maximum grade 
of 1 in 30. The loss in power due to a given grade can be seen from the fol· 
lowing table. Calling the load which a horse can draw on the level 100, then 
from Gillespie's "Roads -and Railroads" we have: 

On a. rise of 1 in l 00, a horse can draw . . . . . . . . . . . . . . . . . . . . 90 
On a. rise of 1 in 50, a horse can draw . . . . . . . . . . . . . . . . . . . . 81 
On a rise of 1 in 44, a horse can draw .... . ... . . .. .... . ... '15 
On a rise of 1 in 30, a. horse can draw . . . . . . . . . . . . . . . . . . . 64 
On a rise of 1 in 24, a horse can draw . . . . . • . . . . . . . . . . . . . . 50 
On a rise of 1 in 20, a. horse can draw . . . . . . . . . . . . . . . . . . . . 40 
On a rise of 1 in 1O, a horse can draw . . . . . . . . . . . . . . . . . . . 25 

Hence, it should be a prime object to keep the road level when poSBible. 
The old idea that it was easier on the horse to travel over an undulating coun
try has been exploded. 

The width of the road must always depend upon its importance. This 
should never be less than 12 feet. Probably the width most gener&lly 
adopted in this country is 16 feet. The French roads vary from 66 feet in 
width on the "National" roads to 26 feet on the minor roads; the English 
roads vary from 60 feet wide for the most important to 20 feet for the minor 
roads. The French divide their roads into four classes, according to their 
importance. 1. The N ationa.l roads, connecting the larger, towns are 66 feet 
wide, with 22 feet in the middle paved. 2. The second class, connecting 
smaller towns to the larger, a.re 52 feet wide, with 20 feet paved. 3. The 
third class, from smaller town to smaller town, are 33 feet wide, with 16 feet 
in the middle metaled. 4. The common roads are 26 feet wide, with 16 feet 
paved. Telford's Holyhead road, the type for a hilly country, is 32 feet wide 
on level, and 22 a.long precipices. 

The form for the cross-section that has been proven best by experience, 
both in this country and in Europe, is that of an isosceles triangle or an oval, 
giving enough fall transversely to secure sufficient drainage. Instead of deal
ing in glittering generalities, I am sure it will prove more satisfactory to deal 
in figures and facts. The form of road adopted by Telford, Macadam, and 
others has a rise of about n ton from the sides to the center. The usual 
form of Macadam road adopted in this country is shown in figure A. Thie 
is a croSB-section from an actual example. However, the depth of detritus is 
about half as much as is indicated in the cut. The particular dimensions of 
this road were: Depth of broken stone, 10 inches; width of road, 1 e feet. 
The essential difference between the Telford road and the Macadam road (as 
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formed according to their specifications) has its source in the special work 
performed by the two men. Macadam took roads as they were and repaired 
them; while Telford (partly) had to make his own roads. The respective 
merits of the two kinds of roads has been a warm theme for discussion be
tween the special advocates. The Macadam has one feature that recommends 
it with great force to us-it costs less. This road consists of stones broken 
by hand or crusher to a certain specified size or weight and applied to the 
road in successive layers. Without going into details further than is neces
sary to establish the difference between the two classes of roads, it is suffi
cient to say that Macadam required the stones to be angular (all round and 
fl.at stones were refused) and not over an inch in diameter. His reasons for 
having them small and none flat were that the flat stones would act as levers to 
disrupt the road when the heavy wheels rolled on one edge of the stone. In 
his maturer practice on the Bath and Bristol roads he instructed his subor
dinates to reject all stones over three ounces in weight. Telford, on the other 
hand, specified that all stones should pass through a ring two and a half inches 
in diameter. While the particular size of the ring has varied from one and a 
half to two and a half inches in the practice of different engineers, the ring 
test is almost universally applied. 
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As to the special construction of the roads, it is sufficient to say that the 
Ma.cad.am road was ma.de by placing the broken stone (metal) on the earth 
directly, while the Telford road was made by constructing a. foundation or 
pavement first (see figure B) and then spreading the broken stone on this. 
The thickness of this pavement was about three to seven inches, made by 
closely packing the large stones together, rejecting all flat stones unless set on 
edge. The road bed should be accurately graded and sloped, and on this 
the metal is placed. Macadam considered a thickness of six to ten inches 
sufficient. He demanded that the surface be kept clean, the wear being re
moved as soon as possible. This latter condition has not been approved by 
practice. The French engineers claimed that it was not at all essential. A 
long series of observations were carried on in Central Park, New York, where 
Macadam's conditions were fulfilled. The opinion of Mr. Grant, the engineer 
in charge, was, in effect, that the metal would not consolidate as claimed, un
less some foreign material was present. On the great Sta.te ro21.d from South
west Virginia. to the Shenandoah Valley the drivers of the stages gave it as 
their experience that the best part of the road was where accidental circum
stances had thrown some binding material (as sand) on it. The experience 
of the writer goes to show that where the surface was sanded, or had become 
practically so by wear, repairs were not so frequent, a.nd the ease of travel 
was greater. On a road part of which was metaled and part of which had 
the Telford sub-pavement, the wear due to heavily loaded coal wagons was 
more in the former portions. 

Telford's own specification for a road 30 feet wide are: "Upon a level bed 
prepared for the road materials a bottom course or layer of stones is to be set 
by hand in the form of a close, firm pavement. The stones set in the middle 
of the road are to be 7 inches in depth, at 9 feet from the center 5 inches, at 
12 feet from the center 4 inches, and at 15 feet from the center 3 inches. 
They are to be set on their broadest edges a.nd lengthwise a.cross the road, 
and the breadth of the upper edge is not to exceed 4 inches in any case. All 
the irregularities of the upper part of said pavement are to be broken off by 
hammer, and the interstices are to be filled with stone chips firmly wedged or 
pa.eked by hand with a. light hammer, so that when the whole pavement is 
finished there shall be a convexity of 4 inches in the breadth of 15 feet from 
the crnter. 

"The middle 18 feet of pavement is to coated with hard stones to the 
depth of 6 inches; 4 of these 6 inches are to be first put on and worked in by 
carriages and horses, care being ta.ken to rake in the ruts until the surface 
becomes firm and consolidated, after which the remaining two inches are put 
on. The whole of this stone is to be broken into pieces as nearly cubical aa 
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possible, BO that the largest piece in its longest dimensions may pass through 
a ring 2-! inches in diameter. 

"The paved spaces of the 18 middle feet are to be coated with broken stone 
or well cleaned, strong gravel up to the foot path or other boundary of the 
road, BO as to make the whole convexity of the road six inches from the center 
to the sides of it. The whole. of the materials a1e to be covered with a binding 
of an inch and a half in depth of good gravel free from clay or earth." 
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