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PREFACE

Tur following pages were prepared for the second-year
students of the department of civil engineering at Columbia
University, with a view to furnishing a text in which the funda-
mentals of the subject should not be buried in a mass of de-
tail, such as is frequently found to be the case in works of a
similar character,

This book is, therefore, not a reference-work, but rather one
in which it has been the endeavor to outline and emphasize
those basic principles which are essential to good highways.

Acknowledgment is here made for the assistance that has
been obtained from the many excellent works on the subject,
and from the Government and State reports. In a number of
cases these have been quoted from quite freely.

CoLummia UNivensrry, August, 1908,




CONTENTS

PAGE
CHAPTER 1

RoADp RESISTANCES : . . . i 4e
CHAPTER 11

EArTHn Roaps g . : 24
CHAPTER III

GrAVEL Roaps , > ; 3 . . . o . 4 - . b4
CHAPTER 1V

BROKEN-STONE RoOADS ; ; ; ; ; 3 . . i w4y

CHAPTER V

MisCcELLAKEOUS RoOADS . > . . . 143

CHAPTER VI
STREET DEsieN . x > ; . . i . 156

CHAPTER VII
STONE PAVEMENTS . y 1 : . . g - i . . 176

CHAPTER VIII

Brick PAVEMENTS . ; 3 . . 194

CHAPTER IX
ASPHALT PAVEMENTS

CHAPTER X ’

MopeErRN WooDEN PAVEMENTS N - - - . 2738













4 HIGHWAY ENGINEERING
Wt B :OY:I;T i :R:I?ST
and : :
W £ .
the resistance to traction = R 3
but

DT'= /70 % 1Y

and therefore the tractive foree,

1 WAIZT X TY

MO =-§'>< R

On the other hand, the power required to draw a wheel over
an obstacle such as a stone may be determined as follows.
Let O be the centre of the wheel, YZ the road, S the obstacle,
and P the direction of the motive force OM. This is the force
necessary to draw the wheel to the point S. The moment of the
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tractive force is equal to the force OM times its lever arm MS.

But the weight of the load is acting in the direction OY and is

represented in intensity by OX; its lever arm is therefore equal

to XS, For a condition of equilibrium XS x OX =0M < MS, If

OM be represented by P and OX by W, then the tractive force
XS
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ROAD RESISTANCES 23

upon the load a horse may draw, the load being in terms of weight
of horse:

= q EARTH ROAD.
per Gent, | 1ron Rails. ﬁ'ﬁﬁi‘it. e | R

Best. Spongy. Muddy.
0 20.00 10.00 6. 00 a.00 3.00 2.00 1.00
1 6. 00 4.50 3.33 2.00 2.09 1.50 0.91
2 3.20 2.67 2. 16 2.00 1.51 1.14 0.67
3 2.00 Lo 1.49 1.40 1,11 0.87 0.54
4 1.33 1.20 1.05 1.00 0.82 0.66 0. 43
D 0.91 0.83 0.75 0.71 0.60 0.50 0.33
6 0.62 0.59 0.52 0.50 0.43 0.36 0.25 l
i 0. 40 0.38 0.34 0.33 0.29 0.25 0.18
8 0.24 0.22 0.21 0.20 0.18 0.15 0.11
9 0.15 0.10 0.09 0.09 0.08 0.07 0.05
10 0.00 0.00 0. 00 0. 00 0. 00 0.00 0.00





































































































































GRAVEL ROADS 69

OrricE STATE ComMmIsSIONER OF PuBric Roaps, TRENTON,
N. J.

I have this day carefully read and examined the foregoing
specifications, and the same are hereby approved.

Any departure from these specifications must have the writ-
ten consent of the State Commissioner of Public Roads.

Given under my hand, this. .. ... .day of, ap...........

------------------------------------

State Commissioner of Public Roads.











































I'ta. 35.—Completed Road.
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BROKEN-STONE ROADS 109

The above may be written

{2 w

Ap
where

t =thickness of stone in inches;

w=weight of load in pounds per square inch per wheel;

p =supporting power of soil per square inch.
“ Acting on this theory, the thickness of stone on the Massa-
chusetts State roads varies from 4 to 16 ins,, the lesser value
being used on good gravel or sand, and the larger on heavy clay.
In cases where the surfacing exceeds 6 ins. in depth, the excess
may be broken stone, stony gravel, or ledge stone, the material
used depending entirely upon the cost, either being equally
effective.”

Macadam used a thickness of ten inches in the roads he built,
but the depth must necessarily vary with different conditions.

In New Jersey the following thicknesses, depending on grade,

'l".‘.

have been used:
Grade fiatter than 1 pereent. ... ... .00 10 ins.
Grade between | per cent and 4 per cent 8 ins
Grade over 4 per eent. . . | e 0 ins

In general, however, it may be stated that the thickness
varies between 4 and 12 ins. for macadam, with an average
of 6 ins., and between 8 and 12 ins. for telford, with an average
of Sins,

In Bridgeport, Conn., a thickness of 4 ins. has been used
satisfactorily with loads averaging 6,000 Ibs., but it is needless to
say such roads must conform to the highest standards of con-
struction and be maintained by a system of continuous repairs,

Size.  “ The size to which stone should be broken depends
upon the quality of the stone, the amount of trafhe to which the
road will be subjected, and to some extent upon the manner in
which the stone is put in place. If a hard, tough stone is em-





























































BROKEN-STONE ROADS 129

ROADWAY
Subjfoundations.

14. When the excavations and embankments have been
brought to a proper depth below the intended surface of the road-
way, the cross-section thereof conforming in every respect to the
eross-section of the road when finished, the same shall be rolled
witha......... ... ton roller until it is. ...... .+« . .inches be-
low the intended surface of the road and is approved by the
engineer and supervisor. 1f any depressions form under such
rolling, owing to improper material or vegetable matter, the
same shall be removed and good earth substituted, and the
whole re-rolled until thoroughly solid and to above-mentioned
grade.  Water must be applied in advance of the roller when, in
the opinion of the engineer and supervisor, it 1s necessary.

STONE CONSTRUCTION
Telford Foundations

15. After the roadbed has been formed and rolled, as above
specified, and has passed the inspection of the engineer and
supervisor, a bottom course of stone, of an average depth of
L T inches, is to be set by hand as a close, firm pave-
ment, the stones to be placed on their broadest edges lengthwise
across the road in such manner as to break joints as much as
possible, the breadth of the upper edge not to exceed four (4)
inches. The interstices are then to be filled with stone chips,
firmly wedged by hand with a hammer, and projecting points
broken off. No =tone of greater length than ten (10) inches or
width of four (4) inches shall be used, except each alternate stone
on outer edge, which shall be double the length of the others and
well tied into the bed of the road.  All stones with a flat, smooth
gurface must be broken. The whole surface of this pavement
must be subjected to a thorough settling or ramming with heavy

9
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MISCELLANEOUS ROADS 147

Before the oil is applied the road bed should be graded, given
a crown of about one-half inch per foot, sprinkled with water,
rolled with a light roller to secure a uniform consistency in the
ground and a consequent uniform absorption of oil, and then
allowed to dry out thoroughly. After this a toothed harrow,
the teeth of which are three inches long, should be drawn over
the surface to break it up, so that when the oilis applied it will
readily combine to form a crust of this thickness.

If the surfacing material is too hard, as in macadam pave-
ments, to permit of this, then a layer of sand, earth, or gravel
must be laid about three inches deep, and the oil sprinkled over
this. During the application and until the soil has thoroughly
absorbed the oil, all traffic is prohibited from the use of the road-
way. The oil is spread by a specially constructed tank cart, such
as shown in the figure.

Without any preparation whatever the oil is often applied
to a road, but the results are not nearly so satisfactory.
Particular care should be taken on improved roads to re-
move all loose material on the surface, so that the oil will
reach the body of the road, and not merely lie on the surface
in the form of an oily mud to be easily scattered by the
wheels of vehicles,

“In what is known as the De Camp machine the distributor
is mounted on separate wheels and coupled to the rear of the
tank wagon, the slip tongue being removed. The oil runs
from the tank through a flexible hose. It has an oil reservoir
and three sets of fingers.  The first set makes furrows just ahead
of the oil-discharging pipes. The second set of fingers (or curved
teeth) covers up the oil, and a third set stirs up the combination
of oil and dirt. There is also a drag to erush any globules or
chunks which may tend to form.  When oil is being distributed
the second and third sets of fingers and the drag are raised from
the ground by hooks.  After the oil is distributed this machine is
detached from the tank, the slip tongue put in, and the machine

























MISCELLANEOUS ROADS 155

The great variation in the physical properties of clay makes it
difficult to give definite rules as to the mixing.

It has been proven that such roads are well adapted to light
traffic, and wear well under heavy, and are less noisy, dusty, and
expensive than, and in cases preferable to, macadam.

By burning the clay at a moderate heat it loses its sticky
quality, and becomes able to bear traffic even in the wettest
weather.

The best sand-clay road is one in which the surface is com-
posed of grains of sand in which the voids are filled with clay
that acts like a binder. An excess of elay beyond this is detri-
mental.  Where this condition exists for a few inches in thickness
upon the surface of a road, it will bear comparatively heavy
traffic for a long time. The materials should be mixed thor-
oughly while wet and puddled with water. This is casily se-
cured after a hard or long rain, the clay having been pre-
viously spread and the larger lumps broken up.
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STONE PAVEMENTS 189

concrete previously laid, the entire surface of contact of the
latter shall be swept and washed clean of all dirt and mortar
particles,

21. No Carming. No horses, carting, or wheeling shall be
allowed on the conerete before the same has set, except on planks
furnighed and laid by the contractor.

22, Twicksess. The conerete foundations shall be six (6)
inches thick, exeept where otherwise specially ordered.

23. Brupaesrones. —Quavniry.  When required, old bridge-
stones shall be redressed, rejointed, and relaid as hereafter direct-
ed for new bridgestones, and for such purpose ghall be hauled to
the necessary point or points by the contractor. Bridgestone
broken by being so hauled, redressed, or relaid shall be replaced
by the contractor at his own expense,  New bridgestones shall be
of the same quality of granite as the blocks, free from all imper-
fections.

24. Divexsions.  They shall be cighteen (18) inches wide,
of a uniform thickness, not less than six or more than eight (8)
inches in depth, and from three and one-half (34) to eight (8)
feet in length, except that in special eases, between railroad
tracks, they may be of such dimensions as may be approved
by the chief engineer of the Bureau of Highways.

25. Dressinag.  The top shall be dressed to a surface not
varying in evenness more than one-quarter (}) of an inch. The
sides and ends shall be dressed square down and the latter cut to
a transverse bevel of six (6) inches in the width or to such other
bevel as may be directed, and the jointing from top to bottom
shall give joints not greater than one-quarter (}) of an inch.

26. Lavinag. The bridgestones shall be laid in parallel courses
separated by a comer of granite blocks, and shall be well and
firmly bedded on a layer of sand spread on the foundation as pre-
pared for the pavement. The transverse ioints shall be broken
by & lap of at least one (1) foot, and be so laid as not to be parallel
to vehicular traffic.
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BRICK PAVEMENTS 1

Impact and Abrasion Test. (1) Divmexsions Macmine,
The standard machine shall be 28 ins. in diameter and 20 ins. in
length, mensured inside the rattling chamber, Other machines
may be used varying in dianmeter between 26 ins. and 30 ins., and
in length from 18 ins. to 24 ins.; but if this is done, a record of it
must be attached to the official report. The rattler may be
eut up into sections of suitable length by the insertion of sn
fron diaphragm at the proper point.

“(2) Coxsrrveriox or Tie Maomixe.  The barrels shall be
supported on trunnions at either end.  In no ease shall the shaft
pass through a mattler chamber. The cross-section of the barrel
shall be & regular polygon having 14 sides. The head staves
shall be composed] of gray east iron, not chilled or ease-hardened.
There shall be a space of | in. between the staves for the escape of
dust and small pieces of waste, Other machines may be used
having from 12 to 16 staves, with openings, from § to § in. be-
twoen staves; but, if this is done, a recond of it must be attached
to the official report of the test.

“(3) Comrosmon or e Cuance. All tests must be executed
on charges containing but one make of brick or block at a time.
The charge shall consist of 9 paving blocks or 12 paving bricks
together with 300 Ibe. of shot made of onlinary machinery east
iron.  This shot shall be of two sizes, as deseribed below, and the
shot charge shall be composed of § (75 Ibs.) of the larger size and
§ (225 Iw.) of the smaller size,

“(4) Size or Swor. The larger size shall weigh about 7}
Ibe. and be about 2§ ins. »q. and 44 ins. Jong with slightly
rounded edges.  The smaller size shall be cubes of 14 ins. on
s sikde, with rounded eldges. The individual shot shall be re-
placed by new ones when they have lost ¢ of their original
weaght.

“15) Revovrmoss or mwe Cuance.  The number of revolu-
thons of & standard test shall be 1 800 and the speed of rotation
shall not fall below 28 nor exceed 30 per minute.  The belt power























































BRICK PAVEMENTS 217

order to give it & smooth surface. The transverse rolling is
very necessary in order to remove the slight wavy condition of
the surface extending laterally from curb to eurb, which will
occur after the longitudinal rolling, and is the result of the
thrust or impact occasioned by the propelling power of the
roller. If the roller was drawn instead of being propelled these
apparent waves would not occur,  Therefore, the transverse roll-
ing will practically remove them. The longitudinal rolling should
always be from curb toward the centre.  The curved transverse
section of the street has a tendency to move the brick endwise
toward the curb; therefore, under the pressure of the roller, if
you start the roller in the middle and roll toward the curb the
gutter bricks that you have previously tamped to grade will
be very much disturbed and your flow line will require re-
tamping. If it were practicable to use the roller absolutely

against the curb the rolling might be done from the centre
to the curb,

Secrion 9. —Exransion CusmioN.  An expansion cushion
must be provided for, one inch in thickness next to the curb,
filled two-thinds of its depth with piteh, the top one-third being
filled] with sand.

EXTRA MENTION

This pitch joint next to and along the curb answers two
purposes, it takes up the expansion of the brick and prevents a
possible eracking of the pavement through and along the eentre
of the street, which sometimes ocours if the ends of the courses
of the brick are abutted direetly against the curb, which acts
as & skewback or haunch to the arc of the pavement, which is
often strong enough (especially if the sidewalk is up to and
against the inside of the curb) to resist the force of expansion in
that direction, and it will find relief in raising the pavement
and the eracking mentioned above may occur.  And again, in
taking up the expansion the brick are kept in contact with the













BRICK PAVEMENTS 221

at least. The specifications, closely and skilfully followed,
will give you the three important factors of a desirable city
thoroughfare—DURABILITY, COMFORT OF TRAVEL,
PERFECT SATISFACTION.

The foregoing are some of the many reasons why the above
imstructions for brick street building should be embodied in all
specifications by the authorities.












ASFHALT PAVEMENTS

~ naterd sand and limestones are found in eonsiderable quantities,
~ but they are bardly over w0 satisfactory for paving purposes as
the artificial matorial.  The natural limestones make the harder
~ but more sippery pavement, while the sandstones froquently
~ bave too little bitumen in them to hold the sand grains together.
Asphalt pavernents may be classified as follows: Natural, as
opposes] 1o artificial-asphalt pavements: and sheet, as opposed to
block pavements.
Natural-asphalt paverments may be either in the sheet or

impregnated stone.  In this country the natural pavement is
wed 10 some extent, and where so used preferenee seems 1o be
- given genenally to the sandstones mather than the limestones, as
they wear more evenly, do not polish, and thus afford grester
sdvantages to traction and as regands the foothold. On the
other hand, the lirestones are very much more durable.  Abroad
the asphaltic limestones are much more abundant than the samnd-
stones, andd consequently much more generally used.

Both will contain about the same amount of bitumen, how-
ever; that b, the kmestones are made up of 88 per cont carbonate
of e with 12 per cent of bitumen, while the sandstones contain
from 7 10 13 per cent of the Iatter constituent.

Where natural sand roek impregnated with ssphalt is used,
the pavement s constructed as follows.  First, the sand rock
Haell s ground, and it is then heated 10 & tempersture of 0P
F. ansl spresd on & clean, conerete base, rolled and mmmed to &
thicknes of two inches.  No fux s used with the sand rock. as
the bitumen present s found to be quite cementitious encugh
ancl no binder course is found necemary.  Sometimes this sand
is minedd with limestone rock in the proportion of 1to 1 or 210 1,
depencling upon the amount of btumen present

Such natural pavements have been found eminently satis-
factory in Buffalo, where they cost annually but § to | in repairs
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302 HIGHWAY ENGINEERING

the Greater New York Charter, which provides that except for
repairs no patented pavement shall be laid and no patented
article shall be advertised for, contracted for, or purchased, ex-
cept under such circumstances that there can be a fair and
reasonable opportunity for competition, the conditions to secure
which shall be prescribed by the Board of Estimate and Ap-
portionment.”
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