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PREFACE.

For several years there hag been a demand in Wisconsin for
information concerning the manner in which the different street
pavements have been constructed, and for fuller information
concerning the materials which are available for street con-
struction. It was mainly on account of this call for informa-
tion on street construction that the preparation of this mono-
graph was undertaken. The information contained herein is
intended primarily for those interested in the construction and
maintenance of streets in cities, towns and villages in Wiscon-
sin, although a great part of the report is equally applicable, in
the principles of street construction and maintenance, to rural
districts. An attempt has been made to discuss impartially the
different pavements, hoping to furnish unbiased and reliable in-
formation as to their merits.

The data used in this report have been collected during a peri-
od of several years. Nearly all of the quarries from which stone
is taken for purposes of road construction have been examined
personally by the author. Having a knowledge of the age of
the different pavements in the cities and towns, and knowing the
manner of construction and the traffic to which the streets have
been subjected, the author has inspected in person nearly all of
the pavements in the state. The data as to year of construction,
cost of maintenance, cost of comstruction, ete., were obtained
either from the city engineer or the city clerk of the different
municipalities. For some of the cities the information is not
as complete as was desired. This is due, in most cases, to the
incomplete manmner in which the records have been kept, no at-
tempt having been made to preserve in accessible form data rela-
tive to the methods of street construction and maintenance.



iv PREFACE.

This report is of a preliminary nature and was brought out
more for the purpose of bringing before the public the facts
relating to the present condition of Wisconsin pavements and to
stimulate an interest in highway construction, than to provide
the detailed information concerning local conditions, road met-
als, subsoils, grades and drainage, which is needed to bring
about the necessary improvements.

Conditions in each county should be studied in detail and the
information gathered should be compiled and published in such
form ag to be of service to the supervisor of each road district.

There is no department at present so well equipped to begin
this work as the State Geological Survey. However, there will
come a time,—mnot far distant,—when Wisconsin must have a
Highway Commission appointed for the purpose of laying out
and constructing state highways, after the plan of the Massa-
chusetts Highway Commission. Until such time, the investi-
gation of the conditions and materials should be carried on in a
vigorous manner by the Geological Survey.

The illustrations used in this volume have nearly all been col-
lected in Wisconsin. Most of the cross-sections of pavements
and other drawings have been copied from blue prints of draw-
ings actually used in the construction of pavements in Wisconsin
cities and furnished to the author by the different city engi-
neers. Very few ideal drawings of pavements have been used.
For the ideas embodied in any of the drawings used in this re-
port the author makes no claim. Lack of time has prevented
the preparation and publication of a bibliography.

For co-operation in the collection and collaboration of the
information contained in this deport, T am very greatly in-
debted to the city engineers, city clerks and mayors of the vari-
ous municipalities in the state. Without their hearty co-opera-
tion this report could never have been made possible. Among
those who were especially active in furnishing data, drawings
and maps may be mentioned, P. P. Chadek, Antigo; W. G.
Kirchoffer, C. E., Baraboo; Dr. A. C. Mailer, De Pere; L. W.
Wolf, C. E., Eau Claire; A. E. Badger and C. V. Kerch, C. E,,
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Janesville; Frank Powell, C. E., La Crosse; J. W. Follett,
Marinette ; F. E. Mathews, C. E., Mernll Charles J. Poetsch,
C. E., and B. W. Perrigo, C. E,, Mllwaukee Geo. H. Randall,
C. E., Oshkosh; C. E. Cormng, C. E., Portage; J. Conley,
C. E., Racine; Sewall A. Peterson, Rice Lake; C. W. Boley,
C. E. Sheboygan ; T. J. Murray, C. E., Stevens Point; G. H.
Stanchfield, C. E., Watertown; J. Woodworth Waupaca ; Capt.
Mason Maxon, C E., Waukesha; George Mathys, Arcadia.
For suggestions and ass1stance in editing the report, I am very
greatly indebted to the Director, Dr. E. A. Birge.
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INTRODUCTION.

The purchager or seller who is separated from the railroad
station by ten miles of paved roads, is actually nearer the mar-
ket than the person'who is separated by five miles of unimproved
roads. Good roads mean heavier loads, more rapid transit and
a longer life for vehicles and horses.

The introduction of the telephone and rural free mail deliv-
ery, has brought the producer and consumer much closer to-
gether and ought eventually to assist in better maintaining an
equilibrium between supply and demand. However, as long as
the highways remain unimproved, the telephone and rural free
mail delivery can only have their full value during good
weather. Heavy roads, deep with sand or mud, permit the car-
rying of only partial loads, while the injuries sustained by ve-
hicles and horses on rough roads frequently eliminate a large
portion of the profit which would otherwise result from a rise
in the market price of farm produce.

It is said that in many of the European countries a dog is
often able to draw a load to market which a horse cannot draw
in the United States. The Carthaginians living on the north-
ern coast of “Darkest Africa,” first inaugurated the public road
as a necessity of commerce. The Roman roads had for their
object the quick movement of troops. However, they were built
in such a substantial and permanent manner that they have
outlived the empire itself and have now become routes of com-
merce.

- James D. Reid, commercial agent at Dunfermline, Scotland,
in 1891, said in a special consular report on “Streets and High-
ways”, “Roads are the life and necessity of all Scottish indus-
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tries and their value increases rather than diminishes with rail-
road extension.  Property would without them be compara-
tively valueless.”

The bicycle has had a decided influence in hastening the im-
provement of the highways; but owing to the fact that it is not.
adapted to the carrying of produce, it has been unable to exert.
sufficient influence to bring about the changes so much needed
by the business and commercial public. The automobile, on
the other hand, may eventually become of sufficient importance,
as a commercial factor, to demand the permanent improvement
of the highways. There may come a time when the steel rail
will be discarded in interurban and rural transportation, and be
replaced by a smooth pavement. There may come a time when
state and even trans-continental highways will be built of
smooth, permanent pavements over which the automobile can
travel with the same speed that the interurban car travels today.

Up to the present time, highways in Wisconsin have meant
simply narrow tracks of land connecting different parts of the
country. The highest conception of the public thoroughfare in
many parts of the state has been its maintenance in a passable
condition. Any economy which might be involved in the con-
struction of permanent pavements has been given very little at-
tention by the people, and much less by the state legislature.
Up to within a few years ago, little or no attempt had beemn
made to educate the people in the principles of road construe-
tion and maintenance. In the country districts the improvement
of the highways has been mainly in charge of persons who have
had little or no knowledge of road construction. The one idea
in road construction, as exemplified by the work of the road-
master, has been to fill the gullies and level off the roadway with
such material as might be closest ati hand. The iniquitous sys-
tem of “working out” the road tax still exists in most parts of
the state. Under this law the services which are given, in lieu
of taxation, are usually far from commensurate with the needs
of the public. A new system must be substituted for this before
we can expect to better the condition of the rural highways.
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The problem of highway construction and maintenance differs
comewhat between the country and city, although they are
closely allied. The difference is only one of degree. The con-
centration of traffic on the business streets in the cities necessi-
tates, as a rule, the construction of a more durable pavement
than is demanded by the light traffic of the rural highways. The.
greater valuation which is attached to city property, makes the.
burden of constructing the more costly pavement less propor-.
tionately, than it would be to construct a less expensive pave-.
ment in the country.

The cities, towns and villages, however, are the places to.
which the people of the country must look for practical demon-
strations in the science of road construction. Most Wisconsin,
cities employ competent engineers to superintend the construc-.
tion of the pavements; and one may find in these cities as a
whole nearly every important class of pavement. The Wiscon-
sin municipalities are improving their streets so rapidly that the.
list of street pavements given in this report will be very incom-
plete when it comes from the press. The improvement of the.
city and town streets naturally precedes that of the country
highways and it may be some years before the country roads are.
to any extent permanently improved.

The following chapters cf this report contain discussions of-
the various materials now used in the constructions of pave-
ments ; of the methods of constructing the different pavements,
and of the experience of the different Wisconsin cities in the use.
of these pavements. The subject matter of Chapter V, which is
a discussion of the pavements in Wisconsin cities, has been
arranged according to counties, alphabetically. Under each.
county, besides a discussion of the city street pavements, there is
a short description of the soils, surface configuration and road
metals. There is necessarily much repetition in this chapter,
owing to the attempt which has been made to address the sug-
gestions to each city and county individually. It is hoped, how-.
ever, that the reader may be able to glean from these pages a.
few suggestions which will assist him in securing better pave-.
ments for Wisconsin highways. .
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The sentiment, so often reiterated, that the coming genera-
tion should be satisfied with those conditions which have served
the present, is entirely out of harmony with the thought of pro-
gressive civilization. The sand, mud and stumps, through and
over which some of the people of Wisconsin have driven for
years, should be removed, their delight being to make the road
smoother and easier for those who will follow the same track.

In buying a pavement, the same principles apply as when a
coat is purchased. Shoddy costs less, looks worse, wears out
quicker and is more expensive than wool. TUse good materials
in the construction of a pavement, and ten years hence it will
be the best and cheapest.



HIGHWAY CONSTRUCTION IN WISCONSIN.

. CHAPTER L

THE CLASSIFICATION OF HIGHWAYS AND THE
AGENTS WHICH DESTROY PAVEMENTS.

In the following pages the terms highway and roadway are
used synonymously and refer to any strip of land set apart for
travel. The highway is usually separated from the land on
either side by fences or hedges. When fully improved it may be
separated into three quite distinet parts, known as the road or
street, the side-walk or foot-path, and the park or terrace area.
The road or street usually occupies the middle and main portion
of the highway. On both sides of the road and separated by
what is known as the curb is the park or terrace area. Outside
of the terrace area on both sides of the highway are situated the
side-walks or foot-paths which usually extend to the fence or
hedge. The accompanying figure, plate I1., shows these parts
and their relation to one another.

On the basis of ownership highways may be classified as pub-
lic and private. Public highways are constructed and main-
tained by the public through the usual avenues of taxation. Pri-
vate highways may be subdivided into toll roads and private
roads. These are unimportant in Wisconsin and will be given
very little consideration in the following chapters of this report.
There are a few toll roads in Wisconsin at the present time, but
within a few years it is hoped that these will be transferred to
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the public. Strictly private roads are such as have been opened
at private expense and extend short distances to connect private
property with the public thoroughfares.

Public highways may be classified as state, county, town, city
and village. The first three are spoken of as country highways
and the latter as city streets. It is expected in this report to
confine the discussion mainly to city and village highways. Fol-
lowing the Massachusetts Highway Commission, the streets may
be classified for convenience into heavy traffic, light traffic and
residential.

The width of highways in country districts is determined in
Wisconsin by statute and must be either three or four rods,
as designated by the supervisors. The width of city highways
is determined by the original plat of the land included within
the city, town or village limits, and must conform to the statutes
governing such matters.

In Wisconsin the highways, both city and country, are suf-
ficiently wide to permit of a considerable variation in the width
of the pavement. Depending upon the width of the street, there
1s considerable variation in the width of the park or terrace areas
and the sidewalks. In the case of a very broad highway the
proportion which these different parts sustain to one another is
controlled by the traffic and the appearance of the roadway when
improved. Broad park areas might be so out of proportion to
the narrow street which they enclose as to be distasteful to the
observer. As a rule, however, the width of the pavement should
be contrelled by the amount of traffic and not by aesthetic consid-
erations. The traffic on many of the highways in the residence
portions of the cities does not require a pavement over twenty
feet wide. If the highway is sixty feet wide, five feet on each
side should be given up to sidewalks, fifteen feet on each side to
park areas, and twenty feet to the street pavement. In the case
of a narrower highway, the width of the park areas should be
decreased. The tendency at present is to make the street pave-
ments unnecessarily broad, thereby increasing both the cost of
construction and the expense of maintenance. The highway
should be paved from gutter to gutter and the width of the pave-
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AGENTS WHICH DESTROY PAVEMENTS. 3

ment should be no greater than is absolutely necessary to accom-
modate the traffic to which it will be subjected. It should not
be inferred from this, that a narrowing of the highway as a
whole is advocated. On the contrary, I believe that the streets
should be broad and wide, giving light and air and avoiding the
dangers of accident incident to narrow roadways. If business
should, in years to come, press out and absorb what is now a res-
idence district, it will be an easy matter to give up the park
areas in order to increase the width of the pavement. Where
wide park areas intervene between the pavement and the con-
tiguous property the valuation of the property is materially in-
creased. The removal of traffic, with its noise and dirt, away
from the front yard must in all cases enhance the value of the
abutting property.

Theoretically, the perfectly constructed street pavement
should consist of the pavement, the gutter and the curb. The
sidewalk consists simply of the foot pavement. These,—the
pavement, the gutter, the curb and the sidewalk,—may be consid-
ered the constructional parts of a highway. As a rule the mate-
rials used in their construction must be prepared and often
they must be shipped from distant places. The cost of transpor-
tation and construction are frequently very great, and for this
reason, if for no other, it behooves the authorities to provide
the best materials.

Before discussing the materials used in the construction of
pavements, in relation to their efficacy to withstand the agents of
destruction, let us consider these destructive agents and the
manner in which they operate.

AGENTS OF DESTRUCTION.

The agents throngh which the destruction of a pavement is
brought ahout may be classified as follows:
I. Temperature Changes.
(a) Unequal expansion and contraction of the pavement
or its constituents.
(b) Expansion caused by the freezing of water in pores,
cavities or crevices in the pavement.
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II. Mechanical Abrasion.
(a) Water
1. Impact.
2. Running off from surface.
(b) Impact and abrasion of horse’s hoofs.
(¢) Impact and abrasion of feet of pedestrians.
(d) Impact and abrasion of wheels of wagons.
(e) Weight of traffic and abrasion of sleigh runners.
(f) Internal friction.
(g) Wind.
III. Growing Organisms.
(a) Weeds and grasses.
(b) Trees.

IV. Chemical Decomposition.
(a) Solution by water.
(b) Evaporation by the atmosphere.
(e) Decomposition by acids.

TEMPERATURE CHANGES.

Every pavement is affected more or less by contraction and
expansion incident upon variations in the normal atmospheric
temperature. Likewise all pavements contain a greater or less
percentage of void space into which water finds its way during
the wet seasons of the year. The voids may be in the fragments
or blocks which go to make up the pavement, or between the
fragments or blocks as a result of their irregular shape.

In the matter of pavements we have to deal mainly with stone,
wood, brick, concrete, asphalt and coal tar. The rate of expan-
sion and contraction through changes of temperature is, in the
case of all of these substances, an appreciable amount and
should be considered in the construction of any pavement. I
have often seen wide, gaping cracks in asphalt pavements, gran-
olithic (cement) walks, and even in macadam pavements which
could only be accounted for by assuming contraction as a result
of a lowering temperature.
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Mr. W. H. Bartlett has determined experimentally the
actual expansion of different kinds of stone brought about by an
increase in temperature. e obtained the following results:

Granite, .000004825 inch per foot for cach degree Fahr.
Marble, .000005668 inch per foot for each degree Fahr.
Sandstone, .000009532 inch per foot for each degree Fahr.

In this latitude the annual variation in temperature fre-
quently amounts to 150° F., while the diurnal change is often
as much as 50° F. A change of 150° F. in the temperature of a
sheet of granite 100 ft. in diameter would cause a contraction or
expansion of one inch. This is an appreciable amount and
would certainly cause a rupture in the sheet were it not free to
move. If blocks of granite were closely fitted together and con-
fined on all sides at a temperature of —50° F., and the tempera-
ture should be raised to +100° F., the expansive force within the
blocks would be so great as to either displace some of their num-
ber or break them. If, on the other hand, the blocks should be
laid and closely fitted at a temperature of +100° F., and there
should be a change to —50° F\, sufficient contraction would take
place to draw the blocks apart, leaving inferspaces in the shape
of cracks.

In the block or sheet pavements it is necessary that provision
should be made for these temperature changes in order to prevent
the bulging incident to expansion and the cracking resulting
from contraction.

The co-efficient of expansion of asphalt, coal tar, and cement,
as used in pavements and walks, has not to my knowledge, been
determined. Neither have I been able to find determinations of
the co-efficient of expansion of paving brick, wood or asphalt
blocks. It is known, however, that pavements constructed out of
any of these materials will be subject to injury through changes
in temperature unless expansion joints are left in the construe-
tion. Asphalt, for example, during hot summer months will
become viscous, rolling up in waves before the wheels of a vehi-

*American Journal of Science, Vol. XXII, 1832, p. 136.
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cle. On the other hand, during extreme cold weather cracks
have many times been known to form in this pavement.

It was stated above that water might find lodgement in a pave-
ment, either within the pores and interstices or along cracks.and
crevices which have resulted from temperature changes. Per-
chance this water fills the pores or cracks during a period of
alternate freezing and thawing there is danger of permanent
injury to the pavement through the freezing of the water thus
retained. If the pavement were made up of loose fragments of
rock and the interstices between the fragments should be large,
under most conditions the water would be drained off before the
temperature lowered sufficiently to cause injury through solidifi-
cation. On the other hand, if the pavement were almost imper-
vious the interstices would be very small and the water which
found lodgment in cracks and crevices would be drained off very
slowly. I have made the statement elsewhere,—and it has been
substantiated by experiments,—that of two rocks, one of which
has very minute pores, and the other of which has large pores,
the former will under ordinary conditions be in the greatest
danger from alternate freezing and thawing. This is a result of
the slowness with which the non-absorbent rocks give up their
interstitial water.

It is known that water in passing from the Jiquid to the solid
state expands with an almost irresistible force, exerting a pres-
sure of about 150 tons to the square foot. Thus an ice wedge
formed in a crack in the pavement causes a bulging or other
slight displacement. These displacements usually occur during
the fall or spring, and when the temperature 1ises during the
summer, the expansion is not sufficient to bring together the
broken parts. Thus there is formed a permanent channel for the
entrance of water at all times.

The danger attendant upon the freezing of water which fills
the pores of the rock must not be confused with the danger
from the freezing of water, which collects along parting planes.
“Compact, theroughly homogeneous rocks without bedding or
other parting planes, whether sedimentary or igneous, are in
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less danger from alternate freezing and thawing than those in
which these structures exist.”*

Alternate freezing and thawing of included water,—both in
pores and along fissile planes,—is one of the most potent causes
for the decay of stone, brick, concrete, and other similar con-
structional materials. This agent is especially active at what is
known as the water line and must be recognized as one of the
most dangerous enemies to the life of a pavement.

Care must be continually exercised to avoid conditions which
will result in fissile planes being formed in any part of the pave-
ment. Granting that fissile planes will form at the surface pro-
vision should be made for the rapid removal of the water from
below. Conditions which result in the retention of the water
should be serupulously guarded against.

The sedimentary rocks as a class are more apt to have parting
planes than those of igneous origin and for this reason are more
liable to suffer from alternate freezing and thawing. Omn the
other hand the sedimentary rocks may be as free from parting
planes as the igneous and in this case are in as little, or even
less, danger from freezing.

From the foregoing it is evident that the surface of a pave-
‘ment should be constructed out of material which is free from
fissile planes, and in which such planes will form only under
very exceptional conditions. Further, the danger from freezing
water enforces upon us the necessity of completely filling the
joints in block pavements with a cement mortar which will
adhere firmly to the sides of the blocks. In other words, the
surface of a pavement,—and especially one in which the pores
are of sub-capillary size,—should be impervious to water.

MECHANICAL ABRASION.

Water is one of the most constant agents through which pave-
ments are destroyed. The impact of the drops of rain as they
fall on a pavement exert a force which tends to overcome the
adhesion between the particles. Unless the pavement is per-

*Journal of Geology, Vol. VII, No. 2, p. 178, Studies for Students,
E. R. Buckley.
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fectly constructed, having equal and uniform declivities on both
sides of the crown, i free from ridges or depressions and is of
uniform hardness and texture, it will not wear uniformly.
Ideal pavements have smooth surfaces;: they have the same
declivities on both sides of the crown; and the materials in daf-
ferent parts of the pavement are uniform in hardness, texture,
and composition. However, ideally perfect conditions are sel-
dom if ever obtained. The nearer we approach these conditions
the less will be the efficacy of the water in destroying the pave-
ment. The wear occasioned by the water which flows off from
the surface is accomplished by the material held in suspension.
Thereforetheless debris that the water can pick up in flowing off
from the surface,the less will be the wear. The shorter the dis-
tance that the waler has to flow in passing from the surface of
the pavement to the gutter,the less will be the wear. A dirt road
after a heavy rainstorm is often cut up with innumerable small
and large channels formed by the water in its passage from the
center of the road to the gutter.

Everywhere, the erosion of the land is accomplished by the
circulation, in channels, of the water which falls on its surface.
The formation of streams is accounted for mainly by inequali-
ties in the hardness of the rocks and unequal declivities of the
surface. The rate of erosion is controlled in part by the veloc-
ity of the stream and the amount of sediment which it carries.
A clear stream or one which is overloaded does little work.
Thus the water which falls on a pavement, in order to deepen
the channels or ruts in which it flows must be provided with
tools in the shape of sand or gravel picked up at the surface.

If we would reduce to a minimum the effect of the rainstorm,
we should construct the pavements out of homogeneous materials
which are not easily eroded—those which are hard and compact.
They should also be constructed in such a manner as to convey
the water off from the surface by the shortest course and without
collecting it into rivulets.

Abrasion is also brought about by the impact of the horses’
hoofs as they strike the pavement. The impact may simply oper-
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ate as a rasp overcoming the adhesion which binds together the
particles at the surface, or the impact may result in cracking or
breaking portions of the pavement. In any case the resulting .
deterioration of the pavement is very great.

The character or manner of abrasion differs between the vari-
ous pavements. A macadam or sheet pavement such as asphalt
or tar macadam usually wears gradually,—the softer portions
most rapidly. A block pavement, unless the joints are com-
pletely filled with cement, presents numerous corners and edges
which may be split off by any sharp blow, such as the impact of
a horse’s hoof. Brick, stone block, asphalt block and similar
pavements suffer in this manner. The simple abrasion of a
pavement increases as the conditions for sliding become more
favorable. A smooth, sloping pavement increases the amount of
sliding on the part of the horses. As the blocks of a block pave-
ment become rounded at the surface the sliding action increases
within the narrow limits of the block. Granite blocks often
become rounded and polished at the surface through the abrasive
action of the iron horseshoes as they slide into the joint to secure
a foothold.

Wagon wheels wear a pavement mainly through impact result-
ing from unevenness in the surface of tha pavement. The end
edges of brick and stone blocks are broken mainly by the impact
of the wheels, while the side edges are broken mainly by the
impact of the horses’ hoofs. A perfectly level pavement suffers
very little wear from the wheels, either through impact o1 fric-
tion. Sleigh runners occasionally cut through the snow onto a
pavement and act as rasps, wearing more or less that portion of
the pavement with which they come in contact.

The load carried by transfer and other wagons is sometimes
very heavy. This dead weight which a pavement is called upon
to sustain occasionally crushes either the surface or the founda-
tion of the pavement. This crushing may break the pavement
or foundation into blocks similar to those formed wheni a sheet
of ice is similarly treated. In other cases where the surface is
soft, the wheels sink into the pavement forming ruts. Again the
pressure may result simply in the dislocation of certain blocks.
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In any event the impact and abrasion, both by the steel hoofs of
the horses and the wheels of the vehicles, are made more effective
in proportion to the weight of the load. :

Only where the fragments composing the pavement are loosely
cemented and free to move is internal friction an important
agent of mechanical wear.  This wear is most frequent in
broken stone pavements where the interstices between the angu-
lar fragments are left void and loose. The rubbing together
of the fragments under the pressure of moving vehicles has a
tendency to round off the corners on account of which they may
lose a great part of their bonding capacity. Gilispie says in
this connection: “If a thick coat of crushed rock be laid on at
once there is very great destruction of the material before it be-
comes consolidated, if it ever does so. The stones will not al-
low one another to be quiet, but are continually elbowing each
other and driving their neighbois to the right and to the left.
This constant motion wears off the angular points and reduces
the stones to a spherical shape, which, in conjunction with the
amount of mud and powder produced, destroys the possibility
of any firm aggregation, and the road never attains its proper
condition of hardness.” From these observations one can read-
ily appreciate the necessity for constructing an immovable pave-
ment or one in which internal friction between the component
parts is reduced to a minimum.

Wind as well as water is an active agent of erosion and in this
capacity has an influence on the permanence of a pavement.
Drifting sand or dust, carried forward by the wind, slowly
abrades the surface of the pavements. This manner of wear
proceeds slowly in Wisconsin, but combined with the work of
the other agents, it assists in the eventuel complete disintegra-
tion of the pavement.

GROWING ORGANISMS.

Grass and weeds growing along the roadside have both a pro-
tective and destructive influence on a pavement. The nature of
some of the pavements is such that neither grass nor weeds will
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grow on their surface. Macadam, wooden block, stone block
and brick,—each sometimes provides a foothold for vegetation.
If given a chance vegetation will completely cover a macadam
pavement or crowd the joints of a block pavement with tufts
of weeds and grass.

Grass growing on the surface of a pavement protects it from
the abrading action whichl accompanies the removal of the rain
water. Tt also collects and retains the detritus which would
otherwise be removed. The roots penetrating between the
blocks promote disintegration through their expansion, and the
retention of moisture and the acids resulting from the decay of
the vegetation, all serve to hasten the ultimate destruction of
the pavement.

Outside of the actual injury which results to the pavement
through the growth of grass and weeds, the ragged fringe which
they make as they fill the gutter and sometimes the street, is
most distasteful to one who has a sense of beauty and cleanli-
ness.

The shade tree is also one of the agents which contributes to
the destruction of pavements. Mr. Law in his publication on
“The Art of Constructing Common Roads” says: “Few per-
sons are aware of the extent to which a road may be injured by
high hedges or lines of trees. Trees are worse than hedges be-
cause they not only deprive the road of the action of sun and
air, but they further injure it by dripping rain from their
leaves, as a consequence of which the road is kept in a wet state
long after it would otherwise have become dry.” He further
adds, “* * * from an engineering point of view everything
that interferes with the sun and prevents the circulation of air
is objectionable.” We cannot, however, meet in all respects the
ideal conditions of the engineer. Hedge fences may be neces-
sary in some sections of the country, although they are not re-
quired in the cities. In the southern states, hedge fences are
very common, but they have proven so expensive in every way
that they are being rapidly replaced with wire. Everywhere
there is an increasing demand for shade trees and the remedy
for their destructive influences must come through the charac-
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ter of the pavement constructed and not through the removal of
the trees.

Some classes of sidewalks and also pavements are bulged and
broken through the expansion caused by the rapid growth of
tree roots. The danger from this source should never be re-
moved by cutting down the trees. It must be avoided by a
proper construction of the pavement and a deeper planting of
the trees. Avoiding injury from the growth of shade trees is
mainly a problem of the city, while the question of hedges be-
longs almost exclusively to the rural districts. In cities where
the highway is broad enough to allow a portion of it to be de-
voted to park areas the shade trees are usually sufficiently re-
moved from the pavement to warrant very little consideration.
However where the highway is narrow they have an influence
which should not be disregarded.

CHEMICAL DECOMPOSITION.

Wherever rain water carrying an excess of carbon dioxide and
humus acids soaks into a pavement, there is greater or less dan-
ger of chemical reactions taking place. If a pavement has as-
phalt, limestone, or coal tar constituents, there is a greater pos-
sibility of chemical action taking place than where the pave-
ment consists of granite, sandstone, brick and cement. Natur-
ally this is due to the varying degrees of stability of the ma-
terials named. Asphalt and coal tar pavements, especially, will
disintegrate if water is allowed to stand continually on their
surfaces.

Evaporation by the atmosphere takes place mainly in connec-
tion with asphalt and coal tar pavements. The extent to which
this process goes on depends very largely upon the composition
of the pavement. Some of the coal tar used has evaporated so
rapidly as to leave a mass of loose fragments within 2 few years
from the time the pavement was constructed. Asphalt on the
whole evaporates much more slowly than coal tar,—yet evapora-
tion takes place at a sufficiently rapid rate to be appreciable dur-
ing the life of the pavement.
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Resume.

It would be difficult to say which of the agents of destruction
is most active in Wisconsin. They are all operative but vary
in intensity, depending upon their location. There is no doubt
that on Chestnut street, in Milwaukee, the most potent cause
for the rapid decay of the brick pavement is the heavy character
of the trafic. The same kind of pavement on another street
might deteriorate more through the influences of the weather
than on account of the trafic. The character of the pavement
itself, the condition, of the subsoil and the nature of the drain-
age may each effect the activity of these agents.

The traffic, subsoil and drainage conditions often vary greatly
in different parts of a city, but the climatic conditions remain
substantially the same. The only changes in the atmospheric
conditions that may be properly considered are those which ex-
ist between the northern and southern parts of the state. Sea-
sons in which thawing and freezing alternate many times are the
most dangerous to pavements. One needs to fear but little the
excessive cold in the northern part of the state if the surface
is covered with an abundance of snow.

The atmospheric conditions are considered but very little in
the selection of pavements in most of the cities of Wisconsin.
The cost and the character of the traffic usually control.

CLASSIFICATION OF STREETS.

Depending upon the character of the traffic which passes over
the streets of a city, they have been divided into the following
classes:

I. Heavy traffic.

II. Light traffic.

ITT. Residential traffic.

Heavy traffic streets usually occur in close proximity to ware-
houses and depots, along wharfs, next to wholesale and extensive
retail houses and near manufacturing plants. The pavements
on such streets are usually selected for their capacity to sustain
heavily loaded vehicles.
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The light traffic streets are subject to a greatly varying traffic,
some of which is very heavy but most of which is light. The
pavement, however, must be built sufficiently strong to sustain
the occasional heavy vehicles which pass over its surface. It is
not required that such a pavement shall be strong enough to
sustain continued heavy traffic.

The residential traffic street is practically free from heavy
traffic and consequently is usually improved with a pavement
which is selected with little regard for its capacity to withstand
heavy traffic. Beauty, cleanliness and noiselessness are the most
important characteristics of a pavement selected for such streets.
Each of these will be discussed in its turn in subsequent chap-
ters,
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CHAPTER IL

MATERIALS USED IN IMPROVING HIGHWAYS.

There are a great enough variety of places and diversity of
conditions in Wisconsin, to call for the use of almost all of the
different materials that enter into the improvement of highways.
The kind of material used usually controls the degree of perma-
nence of the pavement, and the use of any but the pavement
best adapted to the conditions is usually a result of limited funds
or ignorance on the part of the public officials.

The existing conditions are such that almost all substances
both vegetable and mineral are used somewhere, in some place,
for the improvement of the highways. Straw, corn stalks, hay,
boards, logs, brush, saw dust, bark, shavings, stone, gravel, sand,
clay and many artificial products are used for the improvement
of the highways. In this discussion, however, we are consider-
ing the more permanent classes of street pavements into the
construction of which many of these materials do not enter.

The materials which are used in permanent street improve-
ments may be classified as (1) natural and (2) manufactured.
The most important natural materials used in highway con-
struction are sand, clay, gravel, wooden blocks, shells and stone
including sandstone, limestone, shale, slate, granite, quartzite,
trap rock, and asphaltic sandstone and limestone. The prin-
cipal manufactured or refined products are cement, coal tar, as-
phalt, gumbo, brick, oil, cinders, slag, iron pipe, vitrified sewer
pipe, cement pipe, drain tile, glass, charcoal, and asphalt blocks.
Each of these has its own peculiar characteristics which best
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fit it for use in different parts of the various pavements. In
the following pages each of these products will be taken up al-
phabetically and considered with special reference to its suita-
bility for use in the construction of the different pavements.

ASPHALT.

Asphalt has a black or brownish color and is brittle when
struck a sharp blow with a hammer. It melts at a temperature
of about 200° F. Grahamite, gilsonite, nintaite and albertite
are varieties of asphalt.

Asphalt is the oxide form of mineral tar known as ozokerite.
Ozokerite is an oxide form of petroleum, while petroleum is
formed from naphtha through the loss of volatile matter. As-
phalt oceurs in beds and veins or impregnating porous limestone
and sandstone. The purest and most extensive deposit of as-
phalt known oceurs on the Island of Trinidad near the coast of
Venezuela. The asphalt at this place occupies a basin in the
form of a lake covering 116 acres. The most important asphalt
deposits in the United States are found in California. Here
the asphalt occurs either in irregular veins or impregnating beds
of sandstone. Kentucky, Texas and Utah have also produced
asphalt in commercial quantities. Asphaltic limestone and
sandstone, similar to that which is mined in California, oceur
in Indian Territory, Arkansas, western Missouri and eastern
Kansas.

Asphalt is used extensively in the construction of sidewalks
and street pavements. In these constructions it is always mixed
with other constituents among which are sand, oil and crushed
stone. Where sheet or rock asphalt pavements are constructed,
the process of mixing is carried on in the street adjacent to
where the pavement is being laid. Where asphalt blocks are
used, the manufacturing process is conducted at factories erected
for this purpose. Asphalt is also used as a cement or grouting
for filling joints in block pavements.

Asphalt from different localities varies greatly in its com-
position and consequently in its capacity to withstand the agents
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of destruction. It is ordinarily known as mineral pitch and
consists of a mixture of partly oxidized hydro-carbons. Crude
asphalt is composed of several different substances as shown by
the following tables representing analyses of crude Trinidad
asphalt:

Analyses of crude Trinidad asphalt.*

Per cent. Per cent. Per cent.
D28 73 T 16.37 27.85 27.85
ASPhElb. c.evevieiie it 3083 38.14 33.14
Earthy matter........... . 33.29 26.38
34.01
Vegetable matter ............... e 9.31 7.63
TOLAL teurenenrareeneceeeinnieeaieraeneanns l 100.00 ] 100.00 100.00

Before being used the crude asphalt is refined. By this
process the water, earth and vegetable matter are removed. The
following table gives the chemical composition of refined asphalt
from a number of different localities:

Analyses of refined asphalt.*

Place. Trinid’d.| Mexico. | Peru. Cuba. [Col’'mbia|Palest’ne
Bossin- | Bossin-
gault. | gault. Kayser.

Chemist. Bowen. | Regault.

Per cent. {Per cent.{Per cent.|Per cent. Per cent.|Per cent.
85.89 80.34 88.67 81.50 88.31 80.00

56 10.09 1.65 6.60 1.68 .40
Hydrogen. .....cce.coveeennns 11.06 9.57 9.68 9.60 9.64 9.00
Nitrogen .....o.cceveevenannnns
Sulphur .....ooieeiiiiianaenas
- )«
Total

Asphalt can be recognized by its physical as well as by its
chemical properties. It has a brownish black to black color, a
bituminous odor and a lustre resembling that of black pitch. It

* “Miuneral Industry,” Vol. I, page 45.

2
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has a specific gravity 1 to 1.8 ; ordinarily melts at a temperature
of from 90 to 100° Fahr. ; burns with a bright flame; and is al-
most entirely soluble in turpentine and partly soluble in alcohol.
“The action of heat, alcohol, ether, naphtha and oil of turpen-
tine, as well as direct analyses, show that the so-called asphaltum
from different localities is very various in composition. The
following are the classes of ingredients present.

(A) Oils vaporizable to about 100° or below, sparingly pres-
ent, if at all; (B) heavy oils probably of the pittolium or petro-
lene groups, vaporizable between 100° and 250°, and constitut-
ing sometimes 85% of the mass; (C) resins, soluble in alcohol;
(D) solid asphalt-like substance or substances, soluble in ether
and not in alechol ; black, pitch-like, lustrous in fracture; 15 to
85% ; (E) black or brownish black substance or substances not
soluble either in alcohol or ether; similar to D in color and ap-
pearance, Kersten ; brown and ulmin-like, Vélekel; 1 to 75% ;
(F) nitrogenous substances ; often as much as corresponds to one
or two per cent. of nitrogen.”*

From an examination of the above, one can readily see how
difficulties might arise in using asphalt from different localities
unless the utmost precaution is taken. .Some of the precautions
to be observed in the use of asphalt are enumerated in a sub-
sequent chapter.  In selecting asphalt for street paving, one
should know the composition and permanent cementing quali-
ties of the different brands that are under consideration. Their
solubility in carbon disulphide, in alcohol, in turpentine, in
ether, in petroleum and in naphtha should also be determined.
It is likewise important to know the softening point and the
temperature at which the asphalt flows.

At a temperature of less than 70° Fahr. it is supposed that
asphaltum will remain unchanged. There are very few locali-
ties, however, where a higher temperature is not reached during
some period of the year. When a temperature above T0° is
reached, asphalt slowly volatilizes. During the summer months
in the temperate zone this temperature is often reached and dis-
integration through volatilization must take place.

*A System of Mineralogy, E. S. Dana, 1899, page 1018.
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Asphalt Pavement. Intersection of Chestnut’and Third"Streets,"Milwaukee, Wis. Showsthe effect’ofheavy traffic.
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BRICK.

Two kinds of brick are used in street improvements in Wis-
consin cities, viz., sewer brick and paving brick. Paving brick
can be used for sewer purposes, but sewer brick cannot be used
successfully for paving.

Sewer brick made in Wisconsin differ greatly in quality in
different localities. =~ They are usually a hard, semi-vitrified
product which is taken from the arches of up draft and from the
top of down draft kilns. Any non-porous hard brick manufac-
tured by any process is called a sewer brick and passes on the
Wisconsin market as such.

Sewer brick are frequently used for sidewalks and sometimes
for paving. It is very seldom, however, that these brick prove
as satisfactory for these purposes as the regular paving brick.
Nothing but a thoroughly and uniformly vitrified brick is capa-
ble of withstanding the abrasion to which a sidewalk or street
pavement is subjected.

During the last ten years vitrified brick have been increasing
in importance as a material for both street pavements and side-
walks. Their suitability for these purposes will be discussed
in a subsequent chapter where brick pavements are considered.

Vitrified brick are manufactured from a combination of shale
and clay similar to that which is used for the manufacture of
vitrified sewer pipe. The following is the composition of the
clays used by several well known companies for manufacturing
paving brick:
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Composition of clays used in manufacturing paving brick.

L1 II.2 III.3 IV«

Si0z. i i e 68.96 61.73 60.34 57.30
AlyO3...... ...... 17.95 18.32 24 26 21.29
H>0 combined...........cc. cooiifiii i 2.94 1.56 6.00
HeoOmoisture.... ......ooooovei] i 1.30
FeaO3.cciiiiiiiiiiiiiiianiannn, 7.25 2.04 7.73 7.21
CaO.ic. tiiiiiiiis it 0.6 |l 1.35 0.29
MgO..ooooviiiiiiees e 1.47 1.45 0.70 1.53
- O 2,38 3.49 3.12 3.44
Naz0 I 0.61
Miscellaneous............... ...... B L S NP DA

Grandtotal.. ................ 100.00 100.00 99.16 99.97

ABB ottt i Coalmeas..| Coal meas..| Coalmeas..| Coal meas..

1No. I-From Galesburg, Illinois, Clay Worker, April, 1895 (Meade), Indianapolis.
2No. [I—From Streator, Illinois, Clay Worker, April, 1995 (Meade), Indianapolis.
3No. ILI—From Des Moines, Iowa, Clay Worker, April, 1896 (Meade), Indianapolis.
4No. IV—From Canton, Ohio, Clay Worker, May, 1594, Orton, Indianapolis.

The quality of the paving brick does not depend entirely upon
the kind or composition of the clay or shale used in their manu-
facture. The greatest care must be taken in the preparation
of the clay and in the drying and burning of the brick. In the
process of burning, the temperature is increased very gradually
and raised to a point where the vitrification of the clay is com-
plete.  The temperature within the kiln should be uniform
throughout and the brick at the bottom and top of the kiln
should attain as nearly as possible the same degree of vitrifica-
tion. It is true that absolute uniformity in the degree of vitri-
fication has never yet been obtained in all parts of a kiln, but
in some this condition is more nearly attained than in others.

Owing to the difference in the perfection of vitrification in
different parts of a kiln, the brick are usually sorted into two
or three differentj grades, called Nos. 1, 2 and 3. No. 1 brick
are made to include those that are neither under nor over
burned, having a perfect shape and thoroughly vitrified ; No. 2
include brick that have not been completely vitrified, but are
uniform and rectangular in shape. No. 8 brick include those
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that have been distorted in shape and others having their corners
broken or chipped. The over burned brick are ordinarily known
to the trade as “clinkers”.

The brick in any two kilns may be burned very differently.
Brick from the first kiln may be mainly No. 1, while those from
the second kiln may be largely No. 2. Owing to the possibility
of careless or loose grading of the brick from any one yard, as
well as the difference in the standard hardness of brick from dif-
ferent yards, it is very important that each lot of brick obtained
for street paving should be thoroughly tested before being ac-
cepted. A No. 1 brick should be perfect in shape without any
sign of warping or cracking. It is not sufficient that a No. 1
brick should have square corners on one side; it should possess
square corners on all sides. A brick which is in any way
broken, fractured or distorted, should be classed as No. 2 or
No. 3. This has not been the practice among the brick manu-
facturers. The inspectors have usually permitted the laying
of brick which have only the upper side free from fractures and
from broken edges and corners. '

Assuming the brick to be perfect in shape, it is necessary
that one should determine its strength and durability by a series
of laboratory tests. These tests include a determination of the
specific gravity, porosity, crushing strength, transverse strength,
hardness and capacity to resist abrasion. If one expects to ob-
tain the very best results from a brick pavement, it is very im-
portant that all of these tests should be made in selecting the
kind of brick to be used. City engineers, as a rule, pass judg-
ment on the quality of various paving brick after determining
the absorption, hardness and capacity to resist abrasion. The
hardness can be tested, by using Moh’s scale of hardness. The
absorption can be obtained by saturating the brick in water and
weighing on a pair of chemical balances. The loss due to abra-
gion can be determined by placing a half brick in an abrading
machine known as the “Rattler’”. This machine is usually a
polygonal cylinder from 24 to 30 inches in diameter with a
length of 36 to 42 inches. The machine is revolved at a rate
of about 25 revolutions a minute for about an hour when the
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brick are taken out and the loss in weight determined. In mak-
ing a test at least from 5 to 10 brick should be used.

A vitrified brick has a hardness of between 6.5 and 7, which is
midway between the hardness of feldspar and quartz. A well
vitrified brick should mnot absorb more than two per cent. of
water. A common hard burned brick often absorbs from 5 to
10 per cent. of moisture, while an imperfectly vitrified brick fre-
quently absorbs as much as 6 per cent. of moisture. The po-
r081ty test is usually made by soaking a thoroughly dry brick
in distilled water for 24 hours. The weight of the water ab-
sorbed divided by the dry weight of the brick is taken as the
porosity. A porosity of more than 2 per cent. is considered by
some engineers as certain evidence that the brick will not be
capable of withstanding exposure to the weather. This infer-
ence is not altogether correct and, in some cases, it has been
clearly demonstrated that a brick having 4 or 5 per cent. of
pore space is as little injured by temperature changes as one in
which the pore space is under 2 per cent.

The specific gravity of vitrified brick ranges from 2.20 to
2.40.  Although the crushing strength of a thoroughly vitrified
brick frequently runs as high as 20,000 Ibs. per square inch, a
paving brick which will stand a pressure of over 6,000 1bs. per
square inch is considered sufficiently strong for all ordinary
pavements.

The cross breaking strength of a paving brick, which is ex-
pressed by the modulus of rupture, should range from 1,000 to
3,000 lbs. per square inch. A less modulus of rupture is per-
missible for most pavements and it very seldom happens that
a brick has not a sufficient cross breaking strength to withstand
any load which it may be called upon to sustain.

The capacity which a brick has to withstand abrasion is one
of its most important qualities. A great many tests on brick
from many different factories show that brick lose from 5 to 15
and in exceptional .cases 50 per cent. Most engineers specify
that the brick used in street paving shall not show a loss of
more than 10 per cent. when subjected to a test of one hour in a
standard rattler. The percentage of loss depends upon the
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quality of the brick and the manner in which the test is con-
ducted.

There are several kinds of rattlers in use in the United States
and each of them is so constructed that the results obtained from
one cannot be compared with those from another. There are
also different methods of using the same rattler on account of
which it often happens that tests made in the same kind of a
machine cannot be compared. Further than this, no rattler has
yet been built which represents the conditions of wear which
actually exist in a pavement.

The common method of determining the abrasion or wearing
quality is to place several brick in a cast iron cylinder along
with from 5 to 15, lbs. of scrap iron. The cylinder is such as
is ordinarily used for cleaning castings and does not exceed 24 .
to 98 inches in diameter. The cylinder is revolved slowly, at a
rate of about 15 to 25 revolutions per minute. The iron used
consists of pieces of irregular shapes and sizes, not exceeding
one-fourth of a pound in weight. Each engineer has taken such
scrap iron as was at hand and made his tests, which have value,
only when compared with tests made in the same machine and
with the same iron. The National Brick Makers” Association
have adopted this as the standard test, using iron blocks of defi-
nite size and shape instead of scrap iron. With this improve-
ment there ought-to be much greater uniformity in the tests.
Attempts have been made to obtain the quality of different bricks
by placing several of each kind in a rattler together with and
without serap iron. This method is unsatisfactory, owing to the
difference in the weight and degree of hardness of the brick to
be tested.

A rattler or tumbling barrel has been built lately, in which
the brick to be tested constitute the inside lining to the barrel.
Toose iron blocks are placed in the barrel and as it revolves they
drop upon the exposed faces of the brick. The impact of the
blocks on the brick corresponds to the pounding of the horses’
hoofs as well as the impact of the wheels of a vehicle. This ma-
chine has several advantages over the others and may eventually
supersede them in making abrasion tests.
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From the above it will be seen how difficult it is to make any
statement as to whati per cent. of loss a brick should sustain in
an abrasion test. A uniform method of determining the wear-
ing quality of paving brick should be adopted in order that com-
parative tests may be obtained.

CEMENT.

Cement has become one of the most important materials en-
tering into the construction of permanent pavements.

Cement is composed of a mixture of alumina, silica and cal-
cium carbonate in more or less definite proportions, depending
upon the kind of cement manufactured. Calcium carbonate is
the most abundant constituent and as used occurs either in the
form of limestone or marl. Alumina and silica are supplied by
the clay or shale. These three necessary ingredients, caleium
carbonate, clay and silica, frequently occur in nature in approx-
imately the correct proportions for the manufacture of cement.
Where such is the case the stone thus formed is commonly known
as hydraulic limestone. ~ From this limestone natural cement
may be manufactured. The strength and quality of the cement
thus obtained depends mainly upon the nearness with which the
constituents approximate the theoretically correct proportions
for cement.

Scientific investigation has shown that the best cement is ob-
tained by mixing and burning definite proportions of alumina,
silica and calcium carbonate. These constituents are obtained
separately, the alumina and silica from clay or shale, and the
calcium carbonate from limestone or marl. Cement which is
made from a mixture of clay or shale and marl or limestone is
called portland cement.

The following table gives the composition of a few typical
limestones, marls and clays used in the manufacture of portland
cement:
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Analyses of limestone and marls.*

Chalk, Cement Cement Marl, Marl,
England | rock, La- |rock, Sieg |Sandusky, Syracuse,

(Reed). |Salle, Ill. | fried, Pa. Ohio. Ind.
Calcium carbonate............ 98.57 88.16 69.91 91.77 £8.49
Magnesium carbonate ....... 038 1.78 4.28 0.53 2.711
Calcium sulphate....... N PPN P 3.19 1.58
Silica. .oov verierniieiiiiinns 0.64 820 17.32 0.22 1.78
Aluming ... cooieeveneiennnens 0.16 1.00 7.07 1.22 0.91
Iron oXide .... cevvvenenennnnen 0.08 0.30 2.04 0.40 0.39

Analyses of typical clays.*

Medway, Harper, Sandusky, La Salle,
Eng. 0. 0. I,

Silica....cooviivmieniiinenns Ceeeees 70.56 51.50 65.41 54.30
Alumina. .....cceeonaann 14.52 13.23 16.54 13.33
Iron Oxide.... 3.06 3.30 6.06 5.57
Lime ..oe eveveeens cennnasennaeieas 4,43 11.52 2,22 3.29
b ) - N R R 3.45 188 2.537
Carbonic acid .........cccvviennnnn 3.47 12 85

AlKali|S.... oo vevurennnninnans on 395 |eeiiiiieaann

Outside of the method of manufacture, the strength and dura-
bility of a cement depend mainly upon the absence of impurities
in the raw ingredients. For example, it is claimed by some
that more than four per cent. of magnesia is injurious, to the ex-
tent of producing an inferior cement.

The comparative tensile strength of portland and natural ce-
ment is given in the accompanying table.

#4The Cement Industry,” The Engineering Record, 1900, pp. 12-13.
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Tensile strength of cement-mortar.*

Age of mortar.
COMPOSITION OF
THE MORTAR.

RoseNDALE (Natural). PORTLAND.
Cement. | Sand. 1 Week. |1 Month. |6 Mos. |1 Year. |{1 Week| 1 Mo. | 6 Mos. |1 Year.
1 100 180 275 800 300 400 450 500
1 1 60 100 170 224 175 230 340 375
1 2 25 60 125 170 120 150 245 290
1 3 20 40 80 120 90 110 175 220
1 4 15 23 60 90 % K] 130 170
1 5 10 15 50 80 60 65 110 130
1 6 6 10 45 5 50 36 90 100

Cement testing.—Among the common tests made to determine
the quality of different cements are specific gravity, fineness,
setting property, tensile strength and soundness. The methods
of making these determinations and their value are discussed
in nearly all text books treating of this subject. The Chemical
Publishing Company of Easton, Pennsylvania, have lately pub-
lished a small volume on the “Examination of Portland Ce-
ment”, by Richard K. Meade, which brings together in concise
form much valuable information on this subject. The reader
is referred to that volume for information on analyzing and test-
ing cements.

Two cement factories are located in Milwaukee each of which
is engaged in manufacturing natural cement from what is known
as the Hamilton Lime Rock. The cement which is produced
by these factories is equal, if not superior, to any natural cement
manufactured in the United States.

For several years there has been a movement looking toward
the erection of a portland cement factory in Wisconsin, but up
to the present time none have been established.

In highway construction cement is now used in making con-
crete foundations to asphalt, brick, stone block, wooden block
and asphalt block pavements; in the manufacture of sewer pipe,

* Highway Construction, 1900, A. T. Byrne, p. 273.
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curbs, gutters, granolithic walks, sewers, catch basins, cross
walks and as grouting filling the joints in block pavements. In
concrete foundations and for sewers and catch basins one can
use natural cement without danger, but in the construction of
curbs, gutters, granolithic walks and cross walks, as grouting
for block pavements and in the manufacture of sewer pipe, port-
land cement is preferable.

CEMENT PIPE.

Cement sewer pipe of all sizes and of the most approved shapes
is manufactured in Wisconsin. The pipe is made out of the
very best natural cement, gravel and'sand. It is practically im-
pervious and when properly made should be equal to most vitri-
fied clay pipe.

Wherever strength, durability and cheapness are the only con-
siderations, cement concrete is superceding brick and sim-
ilar structural materials. Tunnels, large sewers and other un-
derground constructions are now being built mainly out of con-
crete.

Two companies are now engaged in manufacturing cement
sewer pipe in Wisconsin. They are “The Whitnell, Rademaker
Co.” and “H. Berthelet Sewer Pipe Company,” both of Mil-
waukee.  Formerly other factories were operated in Racine,
Oshkosh, Appleton and Wausau. To the best of my knowledge,
these factories have been discontinued.

CHARCOAL.

In some countries charcoal has been used for making tempor-
ary improvements to the highways. I do not know that it has
ever been used in Wisconsin and do not believe that it ever will
be. In the absence of slag or cinders it might be used success-
fully as a foundation for cement or granolithic walks and gut-
ters.

CINDERS.

Cinders are no longer used for the construction of permanent
pavements. They are employed mainly in making foot paths,
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repairing temporarily unimproved streets and for foundations
to cement walks and cement curb and gutter. In the construc-
tion of cement or granolithic walks, curbs and gutters, they con-
stitute one of the very best materials for the foundation.
Cinders are obtained mainly from manufactories, railroads
and other concerns using coal for fuel. Usually they are given
away but in some places a small charge is made for them. Soft
coal cinders which make a small clinker are most desirable.

CLAY.

Clay in its pure form is known as kaolin. Chemically it is
a hydrous aluminum silicate. - In the vernacular of highway
construction it is a plastic earthy mass consisting of kaolin,
quartz, iron oxide, calcite and other minerals in variable pro-
portions. Some of the clays as thus known are very plastic
while others are only weakly so. With the Wisconsin clays, the
plasticity or stickiness usually increases and decreases with the
percentages of kaolin, calcite and dolomite. The value of clay
in road building rests mainly in its so-called cementing property
on account of which it hardens upon drying. The clay of a
clay-sand road binds the sand grains together, making a mod-
erately smooth, hard surface in dry weather. Sand mixed with
clay decreases the plasticity or stickiness of the clay thereby
making a harder road during wet weather. Clay mixed with
sand decreases the dust, making a harder road during dry
weather.

The value of raw clay as a road material is mainly as a binder
for gravel and broken stone. A clay which is ferruginous is
- most suitable for this purpose. The percentage of clay required
for bonding gravel most satisfactorily will depend upon the com-
position and properties of the clay. Twenty per cent. of clay
which is moderately free from impurities is usually about the
correct proportion of a mixture of gravel, clay and sand.

In the construction of permanent pavements, raw clay plays
a very unimportant part. Occasionally it is used in building
macadam pavements, but even here it should not be used if it is
possible to bond the pavement without it.  Brick, drain tile,
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sewer pipe, curbing and gumbo,—manufactured products of
clay,—are very important materials for road constuction. These
are discussed elsewhere in this chapter.

COAL TAR.

Coal tar is a by-product resulting mainly from the manufac-
ture of charcoal, coke and gas. The nature of the iar varies
with the character of the coal and also with the process em-
ployed in manufacturing the gas, coke or charcoal. The amount
of bitumen in coal tar varies from 60 to 92 per cent. = The
quantity and quality of the oil contained in' the tar also varies.
The non-bituminous matter, which is usually in the form of car-
bon, also varies in quantity.

The coal tar cement which is used in streeti constructions is
a residuum from the distillation of the crude coal tar. ~ The
proper consistency or hardness of the tar is obtained by remov-
ing a portion of the oils by distillation. The amount of oil re-
moved at any given temperature depends upon the nature of the
oil. The temperature at which coal tar can be distilled depends
upon the content of oil.

As in the case of asphalt, skill and experience are necessary
in the selection of any coal tar to be used in street constructions.
A knowledge of its purity and chemical composition as well as
its physical characteristics are necessary in the selection of a
suitable brand for work of this character. Care in the selection
and compounding of the materials to be used with the coal tar is
also essential. This will be discussed more at length under tar
macadam pavements in another chapter.

DRAIN TILE.

Drain tile may be manufactured out of most moderately plas-
tic clays such as occur along the west shore of Lake Michigan.
The color of the tile depends upon the amount of iron, lime and
magnesia in the clay. Drain tile are intended to be porous and
vitrification defeats the purpose for which they are intended.
They should be well burned, however, and strong enough to with-
stand rough handling and severe freezing.
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Red, white, cream and mixed colored tile are manufactured in
Wisconsin. They are manufactured in all sizes from 214 to
12 inches in diameter. The standard length is 12 inches. The
Bristol Brick and Tile Company, Bristol, the Springfield Brick
and Tile Company, Springfield, the Burlington Brick and Tile
Company, Burlington, the Jefferson Brick and Tile Company,
Jefferson, the Cook and Brown Lime Company, Oshkosh, the
Frenzel Brick and Tile Company, Oakfield, the Dencon Brick
and Tile Company, Denoon, the Wind Lake Brick and Tile Com-
pany, Wind Lake, the Elkhorn Brick and Tile Company, Elk-
horn, the North Cape Brick and Tile Company, North Cape
and other companies are manufacturing an excellent drain tile
suitable for draining all conditions of land.

In street comstruction it is frequently very important to use
the ordirary tile drain to remove the water from an exception-
ally wet portion of the road. Sometimes a tile drain laid
through the center of the street and several feet below the sur-
face of the pavement will be entirely sufficient to remove the
surplus water and keep the pavement dry. Cross drains are
also laid in some places with equally satisfactory results. It is
very important that the drains should be carefully laid. The
importance of tile drainage in road construction is but little ap-
preciated and should be given more attention by city engineers.

GLASS.

In Europe glass is now being manufactured into blocks for
street paving and it is reported. to be very satisfactory for this
purpose. It has long been used for sidewalks and in this
capacity has proven its suitability. It is reported that in
strength and hardness it equals many of the stone blocks now
used in the large cities. A pavement constructed out of these
blocks is said to be quieter than one built out of stone. A glass
block used for paving must be tough and strong.

Glass blocks are now manufactured exclusively in European
countries but there is no reason why they cannot be produced
in Wisconsin.  There is an abundance of raw material easily
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available. Silica and lime, the two essential ingredients, are
found in Wisconsin 'in unlimited quantities.

GRAVEL.

Gravel is a term applied to any accumulation of pebbles
brought together either by water or ice. The fragments usually
have roundish or sub-angular outlines, although their shape de-
pends very largely upon their hardness and the length of time
that they have remained in the water or ice. Gravel may con-
sist of any of the numerous varieties of rock, although flint, lime-
stone, slate, quartzite, granite and greenstone are the more com-
mon. There is no limit to the size of the pebbles and they may
range from sand grains to boulders twelve inches or more in di-
ameter. The pebbles which make up a gravel bank, are usually
under four inches in diameter. When the gravel contains frag-
ments that exceed two and one-half inches in diameter it should
be either screened or crushed before being used for road work.

The gravel in Wisconsin is obtained from three sources,—the
rivers and lakes and residual and glacial deposits. The gravel of
the lake and stream deposits is, as a rule, smoother :nd better
rounded than that of the glacial deposits. The stream and lake
gravel is also, as a rule, cleaner than that deposited by the ice.
Stream and lake gravels are usually composed of pebbles which
have been derived either from the adjacent country rock or from
the glacial deposits, while the glacial gravels usually contain
pebbled from many different sources. The glacial gravels have
been deposited either directly from the ice, from the water result-
ing from the melting of the ice, or from the water and ice work-
ing in conjunction. The deposits from the ice are usually
unassorted and the pebbles and boulders occur embedded in a
mass of clay or sand. These deposits are not usually exploited
for gravel, except where the clay is less than 80 per cent. of the
mass and the fragments are under two and a half inches in
diameter. The streams resulting from the melting of the ice
usually assorted the drift, bringing together the pebbles in one
place and the clay and sand in another. In some instances the
elay and sand have been so completely removed from the gravel
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that it is poorly suited for road work. A small percentage of
clay assists very materially in bonding the gravel and making a
hard, smooth surface. The stream and lake gravels seldom con-
tain the desired percentage of clay, and for this reason the glacial
gravels are generally preferred for road improvements. The
more angular the pebbles the bettor is the g.avel suited for pav-
ing. Gravel which is used in concrete work should be clean and
the individual pebbles angular. Usually the gravel found along
the present stream channels fill these requirements best. »

The eastern and southern portions of Wisconsin contain inex-
haustible supplies of glacial gravel in which the pebbles are
mainly limestone. This gravel contains very little clay, in some
places not sufficient even to make it suitable for temporary pave-
ments. In the northern and western parts of the state, glacial
and stream gravels are relatively abundant. In some places the
gravels are mixed with clay in such proportions as to make them
well suited for temporary pavements. In all parts of the state,
except the southwestern, gravel is very plentiful, but the deposits
suitable for road improvements are not abundant. A

In the southwestern or non-glaciated portion of Wisconsin the
gravels are either stream or residual deposits. The residual
gravels occur on the tops of the ridges, usually mixed with large
quantities of clay. They are mainly flint and have very irregu-
lar or angular outlines. The stream gravels are mainly the
washed and reassorted residual gravels. During transportation
by the streams, the clay and sand is largely removed and the
fragments become somewhat rounded.

The gravel banks in this part of the state are relatively small
and a much less abundant source of road materials than the
deposits in other parts of the state.

The glacial and stream gravels in the northern part of the
state consist mainly of pebbles of igneous rocks and are the
most durable and best in the state. In several localities, in Mara-
thon county for example, there occur very coarse grained gran-
ites, which have, in some places, been disintegrated to a depth of
several feet. This disintegration has produced a fine gravel in
which feldspar is a prominent constituent. This kind of gravel
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is somewhat exceptional in Wisconsin, but it constitutes such an
excellent material for road surfacing that it should not be over-

looked.

GUMBO.

Gumbo is a rough, burned clay used almost exclusively for
railroad ballast. In some localities where there are no quarries
it has to some extent replaced stone as a road metal and for side-
walks. The character of the clay used for manufacturing gumbo
is shown by the following analysis:*

SHHCA v ovveeerinenennen ceneoacnsastnsnnassnsans 55.0 to 65.0
AlUMINg ..viviiiiis ciiiie ittt 15.0 to 20.0
Combined Water ......ccivievieernncectsnsnncns 6.0 to 10.0
Iron SesquioxXide ......ccvveiiiiiiniiieiieneannn 5.0 to 7.0
7 L= Y 1.0 to 3.0
Magnesia ...ooiviriiiiie teiiii it 05 to 2.0
AIKAlIES vovvriiiiiiiies ittt 25 to 4.0

This clay may be burned with or without kilns and at a low
heat.

The clay is burnt to incipent vitrification, not enough heat
being supplied to permit complete vitrification or slagging. The
gumbo of commerce is a red, gravelly material varying in size
from a coarse sand to a large sized walnut. It is very irregular
and angular in shape, resembling porous, hard burned brick.

Gumbo is not manufactured or used in Wisconsin. In some
parts of Towa, Missouri, and Illinois, where stone is scarce, con-
siderable quantities are used. There is an abundance of clay in
some sections of Wisconsin that could be burned for this purpose,
but the superiority, abundance and wide distribution of stone
suitable for road metal practically precludes the possibility of
gumbo ever being manufactured to any extent.

IRON.

In connection with the permanent improvement of the streets,
iron is used, mainly in the shape of culverts, pipes, aprons,

*“Clay Deposits of Missouri,” Vol. XI, Missouri Geological Survey,
page 543, H. A. Wheeler.

3
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catch basin covers, ete. Sewers, both storm water and house,
are sometimes built out of iron pipes. Gas and water mains
are almost universally iron pipes. Iron is also used to construct
turnpike culverts. These, however, have proved expensive,
owing to the fact that the covers must be made out of very strong
wrought iron in order to sustain the heavy traffic which occasion-
ally passes over them. Aprons covering the gutters on the
approaches to sidewalks are commonly made of iron, as are also
the steps which lead up to many public buildings. Guard rails
and hitching posts are commonly of iron. Frequently the outer
edge of the curb next to. the sidewalk is protected by strips of
iron fastened to its surface. In the case of cement curb, espe-
cially in places where the traffic is very heavy, this is a wise pre-
caution. Covers to catch basins and to all other kinds of open-
ings through pavements or sidewalks are usually of iron.

It is evident from the above, that iron is in many ways a very
useful material in making permanent street improvements.

OIL.

Crude oil is used in the manufacture of asphalt and coal tar
pavements. Otherwise it does not enter into the composition of
any of the pavements now being constructed. Crude petroleum
has been used in California and other states to settle the dust on
the streets. It has also been used by some of the larger railroad
companies to keep down the dust on the road bed, but the prac-
ticability of using it for this purpose has mot yet been
demonstrated.

SAND.

Commercial sand varies quite widely in its mineralogical com-
position, depending largely upon its original source. It is always
a product of rock disintegration and is usually derived from
sandstone. In its purest form it consists of grains of
quartz, known commercially as silica, SiO.. Sand, however,
as well as all other secondary deposits, must have had its ultimate
source in the igneons rocks. Quartz is one of the most perma-
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nent of the rock forming minerals and it oceurs as sand only as
A result of disintegration.

Commercial sand often contains, besides quartz, varying per-
centages of calcite, dolomite, feldspar, mica, hornblende, kaolin,
iron oxide and other less important minerals. Besides varying
in composition sands also differ in the size and shape of their
component grains.

The value of sand depends both upon its composition and upon
the size and shape of its grains. Considerable quantities of cal-
cite, dolomite, hornblende, kaolin or iron oxide are usually
objectionable. These minerals are softer than quartz and are
more readily disintegrated and decomposed. In the eastern and
southern parts of Wisconsin, the lake, river and glacial sands
usually contain considerable percentages of calcite and dolomite.

- In the northern part of the state feldspar, mica, kaolin and horn-
blende are the more common impurities in the stream, lake and
glacial sands.

The chief sources of supply of sand in Wisconsin are the Pots-
dam and St. Peters sandstone formations and the glacial and lake
deposits. The sandstone of the Potsdam and St. Peters forma-
tions is purer than that of the glacial or the recent river and lake
deposits. As a rule sand occurs in abundance over the entire
state, both in the glaciated and non-glaciated areas. In the north-
ern part of the state, which is underlain by igneous rocks, sand
is perhaps least abundant and most impure. However, even
here the deposits are sufficiently numerous and extensive to sup-
ply most of the needs of the people.

In several localities in the state sand is manufactured by
crushing hard quartz rock known as quartzite. The fine dust
derived from crushing granite and rhyolite is also used in liewn
of sand. The crushed quartzite sand is the purest of any that
can be obtained in the state. Especially is this true of the sand
which is manufactured at Wausau. Besides the purity the
sharp, angular outlines of the grains increase the value of the
manufactured sand.

The grains of sand in different deposits vary greatly in size.
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In some they approach the size of gravel while in others the
individuals are as fine as flour.

The individual grains in any bank may be poorly or well
sorted. Sand which consists of grains of heterogeneous sizes
naturally weighs more, bulk for bulk, than sand which consists
of grains of uniform size. It is therefore desirable for most
purposes that the sand should consist of grains of miscellaneous
sizes, in such proportions as to give the maximum weight per
cubic yard. This is sometimes attained by thoroughly mixing
definite proportions of sand which has been previously sized by
screening.

The sand grains may be either angular or well rounded. The
sharp, angular grains as a rule give the most satisfactory results
for street work and are therefore usually specified in all con-
tracts in which sand is used. The soft sand rock of the St.
Peters and Potsdam formations is in some places made up of
rounded grains and in others of angular grains, the angularity
of which is due to secondary enlargement. The lake sand is
usually well rounced and is thercfore less desirable for most
purposes. The sharpest and most angnlar sand available is that
which is manufactured out of quartzite. This sand is not only
sharp and angular but it is also free from impurities. By
screening this sand the different sizes can be mixed in such pro-
portions as to give the least possible voids. By decreasing the
amount of void space, the strength of the bonding material is
greatly increased.

The best sand that can be used for the construction of pave-
ments, sidewalks, gutters, ete., is one which consists of quartz
and in which the grains are angular and of heterogeneous sizes.
Three-fourths of the sand should be coarse and the remainder
fine grained. For use as a cushion between the foundation and
the wearing surface and for filling the joints of block pavements,
a clean, coarse sand with the grains of uniform size is very sat-
isfactory. Such sands are found in abundance in Wisconsin and

_can be bought at prices ranging' from 50¢ to $2.00 a ton. The
better grades of manufactured quartzite sand cost from $2.00 to
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$5.00 per ton. Crushed granite and rhyolite cost about the same
as quartzite sand.

SHELLS.

Some of the rivers of Wisconsin abound in fresh water clams.
The shells from these bivalves occasionally contain pearls and
most of them can be used in the manufacture of buttons.
Hundreds of tons of these shells are dredged from the streams
each year, searched for pearls and sold to the button factories.
The button factories use only the thickest and best part of the
shell and the remainder is thrown away as valueless. These
shells are sufficiently hard and tough to be fairly well suited for
road metal. There are a number of cities, along the Mississippi
river, having button factories, that could use these shells, with
profit, for improving their streets. Several towns are already
using the shells for this purpose. However, instead of simply
spreading the shells three or four inches deep over the middle of
the street, they should be spread in courses and rolled as in the
case of a macadam pavement.

The Mississippi, Wisconsin, Rock, Chippewa and Sugar rivers
have up to the present been the largest producers of clam shells.

Some cf the finest pavements in Florida and other southern sea
coast states are built out of shells, and there is no reason why the
Wisconsin shells cannot be advantageously used in the same
way.

SLAG.

Slagis a scoriaceous by-product of smelters and blast furnaces.
Tts composition varies considerably at differentplants, depending
upon the nature of the ore and flux. As a rule it has a porous
or semi-porous texture. Chemically it consists of varying per-
centages of alumina, silica, caleium carbonate and iron oxide.
When the slag is drawn from the furnace it is usually either
crushed or broken into small fragments with a mall or sledge.
Sometimes it is broken down by pouring water from a nozzle
upon the semi-fluid mass as it escapes from the furnace. This
completely disintegrates the slag, transforming it into a coarse
granular mass.

-
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Slag is frequently used for paving in the same manner as
crushed stone, coarse fragments being spread at the bottom and
fine slag screenings at the top. There appears to be some differ-
ence in the servicability of slag roads in different parts of the
state. This may be due to the method of construction but more
probably to differences in the composition of the slag, on account
of which it may be suitable or unsuitable for paving purposes.

Slag is sometimes moulded into paving blocks, and in this
manner used for street paving. It is also used in place of cinders
for foundations to granolithic or cement walks, curbs and
gutters.

VITRIFIED CLAY SEWER PIPE.

As ordinarily known sewer pipe is a manufactured clay prod-
uct. It would be more appropriate, however, to designate sewer
pipe manufactured out of clay as “vitrified clay sewer pipe,” to
distinguish it from ‘“‘cement sewer pipe,” which is used in some
parts of Wisconsin.

The composition of the clays used in two localities for the
manufacture of vitrified sewer pipe is as follows:

No. L.* No. IL.**

10, + ettt e 65.15 58.38
7 o AP 15.29 20.89
& X0 YN ... 7.53
F 2 o Y 6.16 5.78
0T o Y 3.50 0.44
B 722 o J PR 1.57 1.57
2o Y 5.17 4.68
NBIO o eentetet et et e 0.34

Total .......... e e, 97.38 99.61

No. I is the analysis of a clay from a New York sewer pipe
factory, and No. IT is from an Ohio factory. They differ con-
siderably in composition and serve to illustrate the range of com-

#“Clay Industries of New York,” Ries, Albany, 1895.
*+“Clay Worker,” May, 1894, Orton.
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position which clays may have and yet be handled in such a
manner as to make first-class vitrified sewer pipe.

Sewer pipe should possess three qualities, the absence of any
one of which makes the product imperfect and inferior. These
qualities are (1), strength, (2) smoothness of interior and (3)
imperviousness.

Sewer pipe should be strong enough to resist not only the
pressure of the dirt filling deep trenches, but also that of steam
rollers passing over the surface. The strength of the pipe is best
obtained by placing a length on two end supports and loading it
at the center. The weight required to break the pipe gives a
measure of its ability to withstand vertical pressure. Mr. F. A.
Barbour® found by experimenting that 2,800 pounds per run-
ning foot was, as a rule, the maximum load that a six-inch stand-
ard pipe would sustain. Further, experiments showed that an
18-inch pipe in a 9-foot trench carries a weight of about 325
pounds per square foot. Since an 18-inch standard pipe has a
strength of 1,860 pounds per square foot, the factor of safety in
this caso is about five. The factor of safety, however, will
depend upon the kind of material filling the trench. Sand and
gravel, with a coefficient of friction of 0.69, will transmit 0.31
of its own weight, while wet clay with a coefficient of friction of
0.35 will transmit 0.65 of its weight to the pipe underneath.

Mr. Barbour’s experiments seem to show that the load trans-
mitted far underground by steam rollers is about the same per
cent. as in the case of earth filling. Thus, if a steam roller
exerts a pressure of 2,500 pounds per square foot on the surface
of a clay trench, this will add 1,625 pounds per square foot to
the pressure on the 18-inch pipe above referred to. The total
pressure to be sustained will be 2,200 pounds per square foot.
In this case a pipe of double standard strength, 2,800 pounds per
square feot, is required.

A sewer pipe should not only present a smooth interior sur-
face, to allow a free passage of the water, but it should also have
a dense, hard, impervious body through which water can be trans-

*Journal of Association of Engineering Societies, December, 1897.
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mitted only with great difficulty. Simple glossiness of the sur-
face does not indicate imperviousness. The body of a clay pipe
must be vitrified before being glazed.

. The complete vitrification of the pipe also adds to the strength
of the pipe, and it is therefore important that this condition of
the pipe be not overlooked. A man who is experienced in hand-
ling vitrified sewer pipe can usually tell by striking the pipe a
sharp blow whether or not it is perfect. The exterior of the pipe
should be smooth and free from blisters and special care should
be taken not to use sections that are cracked or broken.

The sewer pipe which is now used in Wisconsin comes mainly
from Minnesota, Missouri, Indiana, Iowa and Ohio. Owing to
the scarcity of suitable clay, the cost of fuel and the unfamiliar-
ity of the people with the business, vitrified sewer pipe is not
manufactured in Wisconsin. It is believed that suitable clay
occurs in central Wisconsin and that if fuel and labor can be
obtained at sufficiently reasonable prices, sewer pipe, as well as
other vitrified wares, will eventually be manufactured.

STONE.

Stone is the most abundant, the cheapest and the most gener-
ally employed of all the materials used in street. constructions.
It occurs throughout the country in great variety, differing as
widely in quality as asphalt, coal tar or any other of the
materials previously described. Owing to the meagre knowledge
which most people have of the composition and nature of stone,
it is thought best at this place to dwell somewhat at length upon
the characteristics of this road metal.

Ordinarily rocks are divided on the basis of origin into three
main classes, igneous, sedimentary and metamorphic. The igne-
ous rocks are those that have been formed through the solidifica-
tion of molten magma. The sedimentary or aqueous rocks are
formed out of gravel, sand, clay and lime (caleium carbonate),
which have been derived from the land areas, deposited on the
bottom of the ocean and afterwards consolidate through cementa-
tion and pressure.
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The minerals of which the igneous rocks are composed have
been formed by slow separation during the cooling of molten
magma. Igneous rocks frequently contain ten or twelve min-
erals, although as a rule the major portion of the rock consists
of two or three of the common species.

The sedimentary rocks have been derived from the land areas
mainly through the mechanical attrition of the pre-existing
rocks. The waves and currents of the ocean work over this
material and distribute it on the bottom of the ocean, according
to the size of the particles and their specific gravities. This
method of formation gives rise to a class of rocks which have a
much simpler composition than those of the igneous type.

The quality of different rocks used in street comstruction
depends upon mineralogical composition, texture and struc-
ture. By texture is meant size, arrangement and manner of con-
tact of the individual grains composing the rock. By structure
is meant the parting planes or capacities to part which are pres-
ent to a greater or less degree in every rock. By mineralogical
composition is meant the minerals of which the rock is composed.

In order to make an intelligent selection of stone for different
uses in street constructions, one should know the characteristics
of a stone which contribute to its hardness, strength and durabil-
ity. An intimate and thorough knowledge of the common rock
forming minerals is very essential. The effect of various com-
binations of minerals and different textures and structures
should be equally well known. All of these are far more service-
able than a knowledge of the chemical composition. The most
satisfactory single method of determining these characteristics
is by the use of the microscope.

The important rock-forming minerals and groups of minerals
to be considered in this connection are quartz, calcite, dolomite,
feldspar, mica, amphobile, pyroxene, chlorite, olivine, hematite,
pyrite, limonite and magnetite.

Each of these minerals has peculiar physical properties, aside
from its chemical composition, which distinguish it from every
other knewn mineral.  Minerals are recognized by their system
of crystallization, specific gravity, hardness, color, lustre, cleav-
age and streak.
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The manner of crystallization might be determinred by the
outward form of each individual erystal, were it permitted to
grow unobstructed. Minerals which constitute a part of a rock
mass are seldom bounded by crystal faces. The adjacent minerals
usually meet in irregular lines so that it is only occasionally that
one can identify a mineral in a rock by searching for crystal
faces. Crystal faces are usually wanting both in the igneous
and sedimentary rocks. However, in some cases in the igneous
rocks, the outlines of the erystals are well defined. In some of
the rocks the individuzal minerals are so small that they can only
be distinguished with the aid of a microscope. The outward
crystal form being an expression of a definite internal structure,
the erystal system to which a mineral belongs can frequently be
determined with the aid of a microscope. In order to study a
rock in this way thin, transparent sections must be prepared.

The hardness of a mineral is expressed by certain numbers
which refer to a scale of hardness of 10 units composed of com-
mon well known minerals. This seale of hardness is as follows:
1, tale; 2, gypsum; 3, caleite; 4, fluorite; 5, apatite; 6, ortho-
clase; 7, quartz; 8, topaz; 9, sapphire; 10, diamond. The abil-
ity which any mineral has to seratch the numbers of this scale
determines its hardness. The degree of hardness is expressed by
the number of the mineral in the scale and the minerals of inter-
mediate hardness are expressed by fractions.

The property of a mineral, by virtue of which it has a capac-
ity to part more readily in certain directions than in others, is
known as cleavage. A mineral may possess one or several cleav-
age directions. These may be well or poorly developed. The
presence and perfection of cleavage and its relation to the differ-
ent crystal faces is often a valuable means of identifying the
minerals. A mineral which possesses several prominent cleavage
directions can be broken into small particles much more readily
" than one in which cleavage planes are absent.

Minerals are also recognized by the color of the powder which
they form when ground. In the case of the softer minerals this
can be determined by scratching a piece of porcelain with -the
mineral to be identified.



MATERIALS USED IN IMPROVING HIGHWAYS. 48

The color and lustre are also important characteristics of min-
erals by which they can sometimes be identified.

The only physical properties of minerals which are important
in a consideration of stone as a material for street constructions,
are size, hardness and cleavage. These combined witht the chem-
ical composition of the mireral determines its value as a con-
stituent of a rock which is used for street construction.

Quartz.—Quartz is a combination of two of the most abund-
ant known elements, silicon and oxygen, united in the form of
silicon dioxide (Si O.). It is one of the hardest of the common
rock-forming minerals, being 7 in the scale of hardness. It has
no ready cleavage. As a rock-forming constituent, it is generally
colorless, although when found alone it is frequently brown,
yellow, purple, milk white or pink. As a rock-making constit-
uent, the individuals usually have rounded, oval or irregular out-
lines. When occurring alone or in a crystal aggregate, quartz
usually has perfect crystal faces.

Among all the common rock-forming minerals, quartz is one
of the most abundant. It is very hard, and resists to a high
degree all the agents of weathering. It is usually broken into
small particles by disintegration but at the surface of the earth
it is decomposed and taken into solution very slowly.

Calcite.—Calcite or calcium ecarbonate, more commonly
known as lime or limestone, is composed of the elements calcium,
carbon and oxygen combined as Ca CO,. The hardness of cal-
cite is 8. Its color as a rock-forming mineral is usually white
or cloudy. Sometimes the impurities which it contains impart a
brown or pink color. It has a perfect cleavage in three direc-
tions, on account of which it readily breaks into small six-sided
pieces having inclined faces.

Calcite is often mistaken by inexperienced observers for
quartz. The two minerals are almost identical in color but if
the hardness of calcite (3) and that of quartz (7) are kept in
mind, there will be little danger of confusing the two. The
absence of cleavage in quartz also provides a means of distin-
guishing it from calecite.

Calcite is acted upon very readily by water containing sul-
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phuric and earbonic acids. At or near the surface of the earth
calcite is one of the least stable of the abundant rock-forming
minerals. It makes up a large part of limestone rock, which
will be considered later.

Dolomite.—Dolomite is composed of calcium, magnesium,
carbon and oxygen. (Ca, Mig CO;.) It has a hardness approach-
ing that of calcite, being 3.5 to 4. It has as perfect a cleavage
as caleite, but is acted upon less readily by dilute hydrochloric
acid. Tts less solubility in dilute hydrochloric acid is the usual
field method of distinguishing it from calcite.

Feldspar.—The term feldspar is applied to a group of miner-
als containing two series, under both of which are included sev-
eral species. Certain of the species differ in the elements which
enter into their composition, while others differ merely in the
percentage of such elements. The two series of minerals are
ordinarily known by the name of their most common member as
orthoelase and plagioclase. Orthoclase is composed of an admix-
ture of potassium, aluminum, silicon and oxygen with occasion-
ally a small percentage of sodium, (X, Na), Al Siz Oy,
(Hintze). Plagioclase contains sodium, caleium, aluminum,
silicon and oxygen and its composition is represented by one of
the following or some intermediate formula: Na, Al, Sig O16—
Ca, Al Si, Oy The two series of minerals differ in their sys-
tem of crystallization as well as in their composition. The former
is monoclinic and triclinic and the latter is triclinic. Orthoclase
is the characteristic mineral of one of the two major groups of
igneous rocks, to be hereafter deseribed, while plagioclase is one
of the characteristic minerals of a second of these groups.

The hardness of feldspar is 6 to 6.5, being surpassed among
the common minerals only by quartz. The minerals of this
series have two very prominent cleavages. Feldspar occurs only
occasionally in the sedimentary rocks, being an important con-
stituent mainly of the igneous and metamorphic varieties. Next
to quartz feldspar is one of the most stable of the common rock-
forming minerals. Its ready cleavages permit a freer passage
of water in and through its entire mass than in the case of
quartz. For this reason the molecules are slowly broken down,
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resulting in a rearrangement and recombination of the elements,
forming a variety of new minerals, among which are kaolin,
quartz, chlorite, mica, epidote, zoosite and calcite. This process
takes place so slowly, however, that it is scarcely worth attention
in a consideration of stone used in street constructions.

Mica.—There are several varieties of mica, differing from one
another cither in the elements or in the percentage of elements of
which they are composed. The two most important species are
muscovite and biotite. The former consists of the elements,
hydrogen, potassium, aluminum, silicon and oxygen, while the
latter contains, in addition to the above, magnesium and iron.
The hardness of muscovite is 2.5 and that of biotite 2.5 to 3.
The chief distinguishing characteristic of mieca is its easy and
close cleavage. It has the appearance of being composed of very
many exceedingly thin, glossy sheets piled one upon another.
Both of the common varieties of mica decompose very slowly
when exposed to the atmosphere.  On account of its ready cleav-
age mica does not unite very strongly with the adjacent minerals
of the rock of which it forms a part. It is therefore one of the
first minerals to break down, mechanically, hastening the disin-
tegration of the rock. It occurs mainly in the igneous or meta-
morphie rocks and to a less extent in the rocks of the sedimentary
series.

Amphibole.—The mineral species to which this name is com-
monly applied consist mainly of magnesium, calcium, silicon,
iron, manganese and oxygen, with or without aluminum. The
two most common species are hornblende and actinolite. The
hardness of these minerals is from 5 to 6, being very little less
than that of feldspar. They have a very perfect cleavage, which
is useful in distinguishing them from other minerals having
other characteristics in common with them.

Amphibole is an essential constituent of many of the granites
and more especially of the basic series of igneous rocks. It is
also abundant in many of the schists and altered sedimentaries,
both of which are included under the metamorphic series. This
mineral alters very slowly to a mixture of carbonates, clay,
limonite and quartz.
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Pyrovene.—The mineral species included under the general
name of pyroxene have nearly the same composition as those
included in the amphibole group. The species are ordinarily
composed of one or more of the elements, magnesium, calcium,
iron, manganese, sodium and lithium, in combination with sili-
con and oxygen with the addition in certain of the important
species of aluminum as an essential constituent. The hardness
varies from 5 to 6, occasionally reaching as high as 7. Pyroxene
has a perfect cleavage in two directions, as in the case of amphi-
bole. The cleavage planes intersect at an angle of about 90°
while in amphibole they form acute and obtuse angles. This is
one of the easiest methods of distinguishing the two.

The most important rock-forming member of this group is
augite. This mineral is an important constituent of many of the
granite gneisses and more especially of the basic rocks. Pyrox-
ene is slowly decomposed, altering to chlorite, calcite, iron oxide
and epidote.

Chlorite.—This name applies to a group of minerals composed
of various combinations and proportions of magnesium, iron,
manganese, aluminum, hydrogen, silicon and oxygen. The min-
erals of this group are very soft, having a hardness of from 2
to 2.7.  Chlorite is ordinarily an alteration product of some
other mineral, but may itself be decomposed into a; mixture of
carbonates, clay, limonite and quartz. It is a very common con-
stituent of the class of rocks known as “greenstone.”

Olivine.—This name applies to a group of minerals differing
from each other somewhat in composition but being composed in
general of various proportions of magnesium, calcium, iron and
manganese in combination with silicon and oxygen. The hard-
ness of these minerals ranges from 6 to 7. Olivine decomposes
readily into chlorite, tale and serpentine. Tt is ordinarily a con-
stituent of the more basic igneous rocks such as diabase and
gabbro. ;

Hematite.—THematite is composed of iron and oxygen, the
composition being represented by the formula Fe, O,. As a rock
forming constituent, it usually occurs in small grains or as a
thin film cementing together the individual grains of the sedi- .






WISCONSIN GEOL. AND NAT. HIST. SURVEY. BULLETIN NO. X,, PL.IV.

Thin Sections of Granite.



MATERIALS USED IN IMPROVING HIGHWAYS. 47

mentary rocks. It has an adhesive quality which makes it espe-
cially valuable in stone used for road construction.

Pyrite.—Pyrite is a combination of iron and sulphur
(Fe S,). It has a hardness of 6 to 6.5. It decomposes quite
readily when exposed to the atmosphere, forming limonite and
free sulphur or ferrous sulphate. ~ Sometimes pyrite is an
abundant constituent of both the igneous and sedimentary rocks.
The readiness with which it decomposes, breaking down into
iron oxide and sulphur, with the production of sulphuric acid,
makes it destructive to limestones and other carbonaceous rocks
in which it may ocecur.

Limonite—Limonite has the same composition as hematite,
with the exception that it contains water in addition to iron and
oxygen. It is found, alike, in igneous, sedimentary and meta-
morphic rocks. It results mainly from the decomposition of
other minerals rich in iron, such as pyrite. As a cementing ma-
terial it is probably equally as important as hematite.

Magnetite—Magnetite is ordinarily known as magnetic iron
ore. It is composed of iron and oxygen (Fe; O,). It hasa
hardness of 5.5 to 6.5. It is a very common constituent of igne-
ous and metamorphic rocks, being usually disseminated in the
form of grains and crystals. It alters slowly to a yellowish
brown limonite.

Igneous Rocks.

The igneous rocks are ordinarily composed of two or three
minerals, which are the preponderant constituents, and a num-
ber of other less common minerals known as accessory constit-
uents. There are a great many varieties of igneous rocks each
having a name, but the most common are granite, rhyolite and
greenstone (or trap rock).

The granites are those rocks which consist mainly of quartz
and orthoclase with mica and hornblende as subordinate constit-
uents. ,

Rhyolite is a name applied to rocks which have a fine dense
ground mass in which occur large and small individuals of
quartz and feldspar.

Greenstone and trap rock are names applied loosely to a class
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of rocks composed mainly of plagioclase, amphibole, pyroxene,
olivene and mica. In some instances these rocks contain a small
amount of quartz while in other cases neither quartz nor feld-
spar are present.

Thetexture of these various rocks differs with the variety. The
grains may be coarse or fine and of the same or different sizes.
The outlines, however, are usually irregular and the individuals
interlock in an intricate manner. The manner of interlocking,
however, differs in the different varieties as shown in the ac-
companying illustrations, Plated IV. This plate shows the tex-
ture of typical granites in which the interlocking character of
the grains is well brought out. It will bej observed in these il-
lustrations that the grains are not uniform in shape, and that
the individuals are held together by an irregular dovetailing
along the lines of contact.

Plate V shows the texture exhibited by ordinary rhyolites.
Tt will be noticed that the matrix of these rocks is very fine
grained and that in it are imbedded large individuals of quartz
and feldepar. In some varieties these large grains are absent
and the rock is then composed entirely of a fine grained ground
mass.

Plate VI shows the textures common in greenstone rocks.
The reader should here observe the lath-shaped individuals in
figure 1 and the manner in which they penetrate and interpene-
trate one another. Figure 2, of this plate, is an example of
another common texture in greenstone rocks. IHere the inter-
penetration is not so pronounced, the texture being more like
that of the granite, shown in Fig. 1, PL IV.

In all of these rocks it is the size of the grains and their rela-
tions to one another which largely determine their strength and
durahility. The peculiar interpenetration of the individuals of
certain of the greenstones is the reason for their strength and
durability.  This also accounts very largely for the cubical
shape of the pieces which are obtained when the stone is crushed
for macadam. Om an average the minerals composing the gran-
ite are harder than those comnposing the greenstone. The min-
erals of which the granites are composed, on the whole, have less
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cleavage than those of the greenstones. The individuals of the
granites, as a rule, are not so complexly interlocking as those of
the greenstone rocks. The products resulting from the decom-
position and disintegration of the granite rocks do not furnish
as strong a bond as those of the greenstone rocks. The appar-
enth greater plasticity of the greenstone residuum accounts in
part at least for its excellent bonding capacity when used for
macadam.

The igneous rocks may possess certain original or second-
ary structures on account of which their value for road
construction may be increased or lessened. These structures
are known as flowage, cleavage, fissility, schistosity and jointing.
The only original structure in igneous rocks is that produced by
the flowage planes which result from an arrangement of the in-
dividuals of the rock with their longer axes in a common: direc-
tion. On this account the rocks often have a capacity to part
more readily along the flowage planes than in other directions.
This arrangement of the mineral particles is usually brought
about through pressure and heat after the rock has been formed.
Near the surface the rocks may be actually parted into thin lay-
ers, smooth or wavy. Where such is the condition the structure
is known as fissility or schistosity. Further, the rocks are every-
where broken into blocks of large or small dimensions by joints
which extend in two or more directions approximately at right
angles to each other. These joints may be harmful or beneficial
in quarrying stone for street constructions.

However, it is not intended in this report to discuss the quar-
rying industry and the reader is referred to Bulletin No. IV of
the reports of the Wisconsin Geological and Natural History
Survey where this subject is discussed in detail.

The strength of various Wisconsin granites and their physi-
cal properties are shown in the table accompanying this chapter.

Sedimentary Rocks.

Each sedimentary rock is usually composed of one essential
constituent, from which it derives its name, and several

very suberdinate accessory constituents. The main kinds of sed-
4
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imentary rocks have names qualified often by the name of the
most important accessory constituent. The important kinds of
sedimentary rocks are conglomerate, sandstone, shale and lime-
stone. .

Conglomerate is a stone made up of roundish or sub-angular
pebbles usually cemented together with clay and sand. It is a
very unimportant stone in the consideration of street paving.

Sandstone, as the name implies, consists mainly of rounded
or sub-angular grains of sand which have been cemented to-
gether with silica, calcite, iron oxide or some other accessory
mineral. The induration and recementation with silica may
proceed so far as to almost if not quite obliterate the shape of
the original grains. The sandstone then passes into the class of
metamorphic rocks and is known as a quartzite. Cementation
of sandstone with silica produces one of the hardest and most
durable of rocks, which, however, is brittle and often possesses
a splintery fracture.

The sand grains may also be cemented with caleite in which
case the stone is known as a caleareous sandstone. Such a stone
is usually soft owing to the inferior adhesive or bonding ca-
pacity of caleite when associated with quartz. The cementing
material of sandstone is sometimes iron oxide, which, when
present in the form of hematite or limonite, adds to the strength
of the stone.

Clay, mica and glauconite are frequently accessory constitu-
ents in sandstone and when present in considerable quantity
have a tendency to weaken the stone.

The sandstones do not have the intricately interlocking tex-
ture exhibited by the igneous rocks. Owing to this they are
softer and exhibit a very much lower crushing strength. Al-
though they are composed of the hardest of the common min-
erals, their loose texture makes them one of the softest rocks.

Sandstones are used for paving blocks, curbs, sidewalks, ete.,
but seldom, except in the form of quartzite, do they enter into
other parts of the street constructions. Each of these will be
discussed later. Bedding, cleavage, fissility, and jointing may
occur in these rocks the same as in the igneous rocks. Whether
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or not these parting planes and, capacities to part prove injurious
depends upon the purpose for which the stone is to be used.

Shale is formed from mud and silt deposited in the deeper
- water of the ocean beyond the zone where sand accumulates.
Shale is composed mainly of kaolin and quartz. Cementation
and consolidation often hardens the shale until it is changed into
a rock known as slate. In this form the stone is of greater
commercial value. When thus altered it becomes a metamor-
phic rock and should receive consideration under that head.
Wisconsin possesses no slate of value.

Shale occurs abﬁndantly in some sections of the state and is
used quite successfully as a temporary road metal. The shale
which is very soft and plastic when broken down and wetted is
valuable for surfacing sandy roads. A shale which is an ad-
mixture of clay and sand is as a rule superior to artificial mix-
tures for most temporary road surfaces.

Limestone consists mainly of calcium carbonate known as cal-
cite and calcium magnesium carbonate known as dolomite. Ac-
cessory constituents such as sand, clay, bitumen, graphite, ete.,
are of common occurrence and give qualifying names to the

limestone, such as arenaceous limestone, bituminous limestone,
ete.

Limestone is one of the stones most commonly used in all
street constructions in Wisconsin.  This is due very largely to
its wide distribution and to the ease with which it can be quar-
ried and crushed. It is the stone which is “omnipresent”
throughout the eastern and southern parts of the state.

Being composed of calcium carbonate and calcium mag-
nesium carbonate its hardness is limited by the hardness
of the mineral calcite, which is 8. TIts strength is like-
wise limited by the strength of the minerals of which it is
composed.  The strength' may be above that of other stones
which are composed of much harder and stronger minerals, as a
result of the size of the grains and the manner in which they are
united to one another. Limestone differs in texture from sand-
stone in that the individuals are frequently more firmly ce-
mented to one another. The texture often resembles that of an
igneous rock. See Plate VIIL.
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Limestone is more readily acted upon by acids than most of
the other rocks. Water carrying carbon dioxide and sulphuric
or other acids will take calcium carbonate into solution very
readily.

Limestone may possess the same structures as sandstone or
shale.  Bedding, cleavage, fissility and jointing may all de-
velop under favorable conditions. The strength and physical
properties of the more important Wisconsin limestones are given
in the table accompanying this chapter.

Dolomite has most of the characteristics of limestone, differ-
ing mainly in being slightly harder and less soluble in dilute
hydrochlorie acid.

In Wisconsin most of the so-called limestones are dolomites.
Dolomite would be a much more appropriate name, but the use
of the term limestone has become so general that it is retained
in this report.

The strength of the Wisconsin dolomites is given under the
head of limestones in the table accompanying this chapter.

Metamorphic Rocks.

There are many kinds of metamorphic rocks in the north cen-
tral part of Wisconsin. From the standpoint of highway con-
struction, the quartzites, gneisses and schists are the most im-
portant. The gneisses and schists are laminated rocks which
may have had either an igneous or sedimentary origin. They
are distinguished by their mineralogical composition and lamin-
ated structure. They are usually intercepted by jointing
planes in such numbers as to render them unsuitable for build-
ing purposes. The joints assist the quarrying of the stone and
are not harmful where the stone is to be used for road construe-
tion, but the laminated structure usually makes them undesir-
able for macadam. They are, however, much preferable to
many of the softer stones used in some sections of the state.

Quartzite was originally a sandstone, which has been hard-
ened through a process of cementation and induration. (See
Pl IX.) Its hardness is in such marked contrast to that of
the unaltered sedimentary rocks that it is frequently spoken of
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incorrectly as granite. The stone is usually about 95 to 99-per
cent quartz (Si O;). It is brittle and has a high crushing
strength, almost equal to granite. When thoroughly cemented
with silica, quartzite is one of the most durable and permanent
of rocks, resisting effectually the agents both of disintegration
and decomposition. When poorly cemented the stone has more
the character of sandstone and is easily disintegrated.

Wisconsin is possessed of large areas of quartzite, but in no
case can the stone be quarried in large blocks. The numerous
joints combined with the inherent hardness of the stone make
it suitable only for the manufacture of paving blocks and
crushed stone. Its suitability for these purposes will be dis-
cussed in subsequent chapters.

WOODEN BLOCKS.

Practically only one kind of wood,—cedar,—has been used
in Wisconsin for paving purposes. In other street construe-
tions, such as sidewalks, curbing, crosswalks, etc., most of the
different varieties, including oak, pine, tamrack and hemlock,
have been used. It is claimed that when used in pavements,
oak becomes slippery with nse and that the other kinds of wood
are too soft. I believe, however, that cedar was used for paving
in preference to other kinds of wood, mainly because, at that
time, there was no other use to which cedar could be put. Why
the blocks were made cylindrical instead of square or rect-
angular, no one seems to know, except that it lessened the cost.
The use of blocks from five to eight inches in diameter gave the
manufacturer a market for a large part of the body of the cedar
tree. The size, shape and even the kind of wood used in Wis-
consin and other north central states was apparently dictated by
lumbermen who sought to make a market for a tree which at
that time was almost valueless. There is little wonder that the
people in general have become so obstinately opposed to any
form of wooden block pavement after their experience with
cylindrieal cedar blocks.
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Crushing strength.*

Ultimate
strength in
pounds per
square inch.

Name of Quarry. Location.

Granite and Rhyolite.

Amberg Granite Co ................. e e, Athelstane .... ...... 15,163
Amberg Granite Cou.........cc.oviviiiinannn ... Athelstane .......... 23,347
Berlin Granite Co.... ................. Nereeeeieees Redgranite .......... 24,800
E. J. Nelson Granite Co ............... .. ........| Borlin................ 47,674
E. J. Nelson Granite Co ............................ Berlin................ 44,009
Granite Heights Co ... ............................ Granite Heights .... 22,060
Granite Heights Co.................................| Granite Heights..... 22,954
Milwaukee Monument Co...................... ... Redgrani‘e.... ...... 38,063
Milwaukee Monument Co........... e, Redgranite . ........ 34,531
Montello Granite Co.............oovueennns oo, Moutello ............ 43,973
Montello Granite Co......................oooiiun. Montello ............ 43,639
Montello Granite Co........... ......oevuninn..... Montello ............ 27,132
Pike River Granite Co. (Gray granite) ............ Amberg ............. 21,887
Pike River Granite Co. (Red granite).............. Amberg .............. 18,237
Limestone.
Baver'sQuarry...........ooo i Knowles. .... ........ 29,189
Bauer'sQuarry..............oocoooc | Knowles ven e . 32,171
Gillen Stone Co. .....co.ovuiiiii i, Duck Credk.......... 25,600
Gillen Stone Co. ......c.ooeviiin i Duck Creck.......... 23,783
Laurie Stone Co.... ......o.ooooiiiiiiin i, Sturgeon Bay..... 31,957
Laurie StoneCo.... .....c..... ..o, Sturgeon Bay........ 89,963
Marblehead Lime and Stone Co.................... Marblehead. ........ 42,787
Marblehead Lime and Stone Co.................... Marblehead. ........ 40,453
Menomonie Falls Quarry Co....... ................ Lanonon ..... ........ 31,936
Menomonie Falls Quarry Co... ... ....oooovnonn... Lannon ............. 33,435
Oenning & Giesen Quarry.. ................... .... Fountain City. ...... 8,330
Oenning & Giesen Quarry........................... Fountain City. ...... 8,768
Story Brothers Quarry..............................| Wauwatosa.......... 19,111
Story Brothers Quarry..... ........................| Wauwatosa.......... 23,744
Washington Stone Co.... ...............cc..oen.... Sturgeon Bay........ 31,800
Washington Stone Co ... ..............coeueun.in. Sturgeon Bay.. .... 31,085
Washington Stone Co.... .......................... Sturgeon Bay ........ 30,841
Washington Stone Co.... ................ ......... Sturgeon Bay....... 35,518
Waukesha Stone Co................................ Waukesha .... ...... 19,234

* “Building and Ornamental Stones of Wisconsin,” by E. R. Buckley, Bul. IV.,
Wis. Geol. and Nat. Hist. Survey, pp. 390-393.
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Chemical Analyses of Wisconsin Building Stones.*

Kind of rock and | g;0,. |A1, 05.[Fes0s.| Fo O. | Ca O. [CaCos.| Mg O.|MgCO3| KyO. |Nas O.|Mn O. |Water. | Total. Authority.

Granite...........| 7654’ 13.82 1620........ 0.85 {........ 001 |........ 2.31 482 |........ 020 99.67 | W, W. Daniells.
(Wausau.)

Granite. ..........| 6610 | 20.82 1.52 2.17 157 |.oaeeee 0.95 |[........ 3.48 294 [........ 0.54 | 100.09 | W. W. Daniells.
(Athelstane.)

Granite. ..........| 7540 | 1134 416 |........ /(I IRPOURE DU R 6.44 L8 |eeeeei]einnn. 106.00 | F. G. Weichmann.
(Montello.)

Granite. ..........| 7462 | 10.01 3.85 1.72 243 [........ 033 |..eennnn 3.38 383 |........ 0.24 99.91 | Samuel Weidman.
(Waushara.)

Rhyolite ......... 73.65 | 11.19 1.31 3.25 278 |ieennnn. 13 U PR 1 1.86 374 |..a.... 044 99.23 | Samuel Weidman.
(Berlin,)

Rhyolite ..........| 73.09 | 13.43 257 {oevenens 2.29 ... ... 1.03 1.58 3.85 |Trace 6.71 98.56 | Samuel Weidman,
(Utley.)

Limestons .... ... 3.17 195 |oeeifeeeen 49.97|........ /¥ 0. S DO PO PO 99.67 | W, W, Daniells.
(Duck Creek.)

Limestone ........ 6.32 102 o ]eeeenenn 50.96........ L5 W > T (RO N P T 100.05 | W. W, Daniells.
(Genesee.)

Limestone ........ 0.022 0.005  |.eeiiifiiennnns 54740 ... 4507 [oveeeveifineneeeineiiiiennnns 99.837, W. W. Daniells.
(Knowles.)

Limestone .... ... 2.12 (181 N IO P 5351 ........ 4354 (oo on ceieee e 99.76 | W. W. Daniells.
(Marblehead.)

Limestone ........ 1.09 (V8 SN R 54.42]........ 25 A R P A 100.01 | W. W. Daniells.
(Sturge’n Bay)

* “Building and Ornamental Stones of Wisconsin,” by E. R. Buckley.

Bul. IV.,, Wis. Geol. and Nat. Hist.

Survey, p. 420.
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Cedar blocks wear unevenly and their length of life depends
upon the age and soundness of the tree from which they are ob-
tained. If care were exercised in the selection of the wood;
if rectangular instead of eylindrical blocks were manufactured ;
if a concrete foundation were used instead of boards; if the
joints were grouted with cement; and if the block itself were
treated with a tar-creosote mixture to make it mon-absorbent,
there would be very much less reason for complaint on the part
of our citizens today. 4

Most of the wooden blocks that are now used for paving are
saturated with a preparation of tar and creosote or asphalt, for
the purpose of making them impervious to water. A crude coal
tar mixture has been used for treating some of the blocks laid
in Wisconsin, but it has not, for some reason, increased mater-
ially the life of the pavement. In some of the pavements the
interspaces between the blocks were filled with a coal tar mix-
ture, but the results were no different. Several companies are
laying wooden block pavements today, claiming that they have
a process of treating the blocks by which they are made imper-
vious to water. However, experience goes to show that most
wooden pavements thus far laid lose their imperviousness
after four or five years’ wear. When this takes place the blocks
begin to swell with each rain, distorting and cracking the pave-
ment. Decay begins and soon the blocks must be replaced with
others. Nevertheless, T believe that the new wooden block is
far superior to the old and is in some places the correct pave-
ment to construct.

Logs and planks of oak, spruce, pine and other woods have
been and are being used to improve sandy and marshy roads.
The corduroy roads are too well known in Wisconsin to need
description. This improvement consists of short logs laid
crosswise of the road to prevent the horses and vehicles from
sinking into the mud. The plank road was also at one time
very common in eastern Wisconsin. In this construction, boards
two inches thick were laid on stringers crosswise of the road.
Steep slopes on sandy roads are at present frequently improved

in this way.



WISCONSIN GEOL. AND NAT. HIST. SURVEY. BULLETIN NO, X., PL. IX.

Thin Sections of Quartzite.






MATERIALS USED IN IMPROVING HIGHWAYS. 57

Straw, brush, shavings, saw-dust, hay and cornstalks are all
used more or less in the improvement of sandy and muddy
roads. None of these materials are worthy of consideration.

Curbing, foundations to pavements, catch basin and all other
street constructions which were formerly built out of wood,
are now being constructed out of permanent materials such as
brick and concrete.

The wooden blocks used for paving in most Canadian and Eu-
ropean cities are imported from Australia and it is claimed that
they are far superior to any wood which grows on the American
or European continents. However, its importation for use in
American cities is impracticable. The long leaved yellow pine
which grows in the southern states is being used more generally
for paving in the United States than any other wood.
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CHAPTER IIL

METHODS OF CONSTRUCTING DIFFERENT KINDS
OF PAVEMENTS.

In constructing a pavement of any kind, the first considera-
tion should be the establishment of a permanent grade, which
should depend very largely upon the location of the street and
the kind of traffic which it will be called upon to sustain. It
should never be made to conform to the kind of pavement with
which the street is to be surfaced. Rather, the kind of pave-
ment should be made to conform to the grade of the street.

The grading of the street and the laying of sewers, water
pipes, gas mains and electrical conduits should follow the estab-
lishment of the grade. Wherever excavations are made below
the subgrade of the street, they should be carefully and thor-
oughly compacted with sand, gravel or soil which is free from
organic matter. The soil used for filling the trenches should be
compacted and thoroughly settled before the foundation is laid.
The addition of water to the filling will very greatly. assist in
compacting it. Failure to observe these precautions is liable
to result in damage to the pavement.

In the residence districts of a city, I do not believe that it is
good taste to reduce all of the streets to a uniform level. Many
of the cities of Wisconsin are built on tracts of land, the surface
of which is very irregular,—consisting of hills and hollows. To
reduce the highways of such cities to a level, destroys in a large
measure the picturesqueness and beauty of the location. It
may be more difficult to haul heavy loads over such thorough-
fares and the wheelmen may be obliged to dismount and walk
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up an occasional incline, but all of this is compensated for by
the additional beauty which the hills contribute to the locality.

Where the topography of a city is of this hilly character, the
roads should not be laid out in straight lines but should wind
in graceful curves over the hills and through the hollows. A
road having once been platted and the grade established, it can
usually be changed only with great difficulty and sometimes at
an unwarranted expense. For this reason the greatest discre-
tion should be used in establishing street grades.

SUBGRADE.

Turning our attention to the preparation of the road bed, it
should be the duty of the commissioner or engineer in charge of
the construction to see that all spongy, vegetable or other ob-
jectional material is removed from the roadbed. In very soft
places it is sometimes necessary to sink willows or brush wood,
in order to support the filling of sand and gravel which should
.constitute the subgrade. The depth to which the objectionable
material should be removed, depends wholly upon circum-
stances. Sometimes the removal of 10 or 12 inches of black
muck, such as occurs in some sections of this state, will suffice
when replaced by coarse sand and gravel. Where sand and
gravel are not accessible, broken brick, slag, crushed stone or
similar material may be substituted. The advantage gained by
having sand and gravel as a sub-soil arises from its porous char-
acter by which rain water is quickly drained away from the
pavement leaving it dry. Another danger to pavements from
-clay and vegetable soils is the expansion and contraction result-
ing from alternate wetting and drying. Clay often shrinks an
inch and a half in a foot when dried from a semi-saturated con-
dition. This can be observed on any brick yard or along the
mud flats of the more important streams.

In every case the road bed should be thoroughly compacted
before the foundation is laid. In order to insure this condi-
tion, the subgrade should be rolled with a 5 or 10 ton roller. It
should be made to conform to the grade of the finished street,
unless, as is sometimes the case in macadam pavements, the
superstructure is made thicker at the center than at the sides.
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Above the subgrade all pavements, as a rule, have two parts
known as the foundation and superstructure or wearing surface.
Between these two parts, in the case of block pavements, there
is a third known as the cushion. Each of these will be con-
sidered separately.

FOUNDATION.

Six different materials are in common used in the construe-
tion of foundations for the different pavements. These ma-
terials are sand and gravel, wood in the form of planks, broken
stone, brick, stone blocks and concrete.

Sand and Gravel.—Onme of the commonest and often the
cheapest materials used as a foundation in the construction of
pavements, is a mixture of sand and gravel. In some lécalities,
the subsoil consists of sand and gravel and frequently the su-
perstructure is laid directly on this subsoil which then serves as
a foundation. The sand and gravel, however, in this case, con-
stitute both the subsoil and the foundation. Wherever sand and
gravel constitute the natural subsoil, they act as a coarse filter
through which the water is rapidly drained away. They also
form a very solid foundation upon which certain kinds of pave-
ment, especially granite block or brick can be built with safety.
Where traffic is comparatively light, as is the case in some of the
smaller cities, the construction of a concrete foundation for
brick or stone block pavements is often an entirely unnecessary
expense. An excellent example of a brick pavement laid on a
natural sand foundation, is found at Portage, Wisconsin. The
principal business thoroughfares of this city have been paved
with brick, no other preparation of the road bed being made ex-
cept the removal of the surface soil and the grading of the sandy
subsoil. This pavement shows little or no deterioration, which
can be attributed to the character of the foundation, after from
five to six years of use.

It would probably have been an improvement to have had the
joints filled with cement grouting, thereby removing places for
the possible accumulation of refuse. As it is the subsoil founda-
tion of sand is deep and porous, offering exceptionally favorable
conditions for the rapid removal of the water underground.
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The introduction of five or six inches of sand and gravel to
serve as a foundation on a street which has a clayey or mucky
subsoil can hardly be expected to prove altogether satisfactory.
A number of pavements, outside of Wisconsin, have been ob-
served in which deterioration was apparently due to a clayey
subsoil upon which a thin foundation of sand and gravel had
been laid. Sand and gravel could be laid sufficiently thick to be
equally as serviceable as the natural sand foundation referred to
above, but the cost in this case would probably be too great to
warrant its use.

The thickness of a sand and gravel foundation must depend
mainly upon the character of the subsoil. A subsoil which is of
such a nature as to require, under the given traffic, a foundation
of over seven or eight inches of sand and gravel should be cov-
ered with a more permanent foundation.

The best gravel for foundations consists of pieces of all sizes
up to two inches in diameter. A mixture of 10 per cent. sand,
10 per cent. clay and 80 per cent. gravel makes the best founda-
tion for an ordinary subsoil. Another excellent combination
consists of five inches of stream gravel, free from clay or loam,
and three inches of clean, sharp sand thoroughly rolled. In
case the gravel contains clay the percentage of clay should not
exceed 15 or 20 per cent. Where the subsoil is clay it is better
to use clean gravel and sand on the bottom.

Wooden Foundations.—In Wisconsin, wooden foundations
have been used almost exclusively in the construction of cedar
block pavements. They usually consist of one or two 2-inch
plank laid on 2”x4” stringers imbedded in sand or gravel.
Where two thicknesses of planks are used, they are commonly
laid at right angles to each other, lengthwise and crosswise of
the street. When one thickness is used the plank are usually
laid crosswise of the street or diagonally.

The plank foundation, as well as the cedar block pavement,
has proven altogether unsatisfactory. As a result of the high
price of lumber in Wisconsin, and neighboring states, its use has
been almost entirely abandoned for all purposes of street con-
struction. Where planks have been used in the past, they have
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been subjected to the severest kinds of tests. The streets on
which plank foundations have been used were, as a rule, poorly
drained and sometimes not at all, while the cedar block surface
was seldom if ever built so as to shed water. As a result of the

- imperfect drainage the plank and wooden blocks soon became
saturated with water, mildewed and decayed. As the planks rot
the blocks settle and soon the surface of the pavement becomes a
suceession of hummocks and hollows.

The fact that wooden foundations are no longer a possibility
makes unnecessary a more extended discussion of their charac-
teristics. They should be discarded in all parts of the country
as being expensive and temporary.

Broken Stone.—DBroken stone has been used very generally
throughout the country as a material for foundations to all
kinds of pavements. In many of the larger cities where ma-
cadam and telford pavements were constructed at an early day,
stronger and more durable pavements have become necessary.
These broken stone pavements, although often badly worn, are
now used as foundations. Only sufficient broken stone is added
to bring the street to the proper grade, after which it is surfaced
with brick, stone block or whatever material may have been se-
lected for this purpose.

The broken stone foundation differs from the concrete in that
cement is used to bind the fragments in the latter, while in the
former, the finely powdered stone serves this purpose. A thick-
ness of six or eight inches of broken stone, prepared in the same
manner as a macadam pavement, constitutes a very desirable
foundation for pavements on all streets but those that are sub-
jected to the heaviest kind of traffic ox located in places where
the subsoil is especially soft during any season of the year. A
macadam foundation is, as a rule, less expensive than one con-
structed out of conerete. In many places where concrete is now
being used, a macadam foundation would serve equally as well.
The difference in the cost of the two foundations would in many
instances be sufficient to pay for increasing very considerably
the length of the pavement constructed.

Wherever broken stone is used as a foundation for block or
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sheet pavements, care should be exercised to make the surface
impervious to water. If the subsoil is properly drained and the
surface of the pavement rightly constructed, broken stone
ought to be as suitable as concrete for a foundation on light
trafic and residential streets.

In the construction of broken stone foundations the voids be-
tween the larger pieces should be well filled with screenings.
The foundation should be thoroughly compacted so that none
of the pieces can move about and thus destroy their angularity.
The thickness of the broken stone foundation should depend
upon the nature of the subsoil and the character of the traffie.

Brick.—In the construction of brick pavements, it was for-
merly the practice to lay two courses of brick, one of which was
the foundation and the other the surface. A brick foundation,
however, is not impervious, unless the joints are filled with ce-
ment. This makes the cost of the foundation exceed that of
other kinds equally as desirable.  For this reason the brick
foundation has been abandoned except in special cases. In
some cities where brick have not worn satisfactorily they have
been turned, relaid and used as the foundation for asphalt.
In this position they have served very acceptably.

Stone Block.—The granite and limestone blocks which are
used for street surfacing are too expensive for foundations. Oec-
casionally, however, limestone and granite block paving which
is partly worn out, is taken up, turned and relaid to serve as a
foundation for a superstructure of asphalt or some other of the
common pavements.

Other than this, stone blocks are only used for foundations
when they form a part of telford pavements. In this case the
blocks are usually of irregular size and shape.

Concrete.—The foundation which is used most universally
for asphalt, brick and stone block pavements is a mixture of
broken stone and cement, known as concrete. The thickness of
a concrete foundation should depend upon the character of the
subsoil and the nature of the traffic to which the street; will be
subjected after the pavement is completed.  Under ordinary
subsoil and; traffic conditions, a thickness of five inches is suffi-
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cient, although six inches is usually specified in most of the
large cities of the country.  The broken stone which is used
may be limestone, granite, greenstone, quartzite or any other
solid rock. In some cities broken vitrified brick, slag and gravel
are used in place of the broken stone. In case the broken brick
are thoroughly vitrified, T should consider them preferable to
broken limestone for this purpose, although granite, quartzite
and trap rock are the best kinds of stone that can be used.
Eighty-five per cent. of the stone should consist of pieces not less
than 114 inches nor more than 214 inches in their largest di-
ameter.  The other fifteen per cent. should consist of finer
grades not larger than the interspaces between the coarser stone.
The stone should be perfectly clean and free from dust and dirt.

Both portland and natural cement are used in the construc-
tion of concrete foundations. I am inclined to favor the use
of portland cement, although it has been fairly well demon-
strated that the natural cement is abundantly able to withstand
the disintegrating conditions under which it is put when used in
foundations. In specifying the kind of cement to be used, it
would be good practice to follow the plan adopted by the St.
Louis Board of Commissioners in the selection of vitrified pav-
ing brick. No particular brand should be specified, but any
brand used by the contractor must withstand certain tests as in-
dicated in the contract.

The cement used should be new and finely ground, at least
85 per cent. of it passing through a sieve having 10,000 meshes
to the square inch. It should be capable of withstanding a ten-
sile stress of 500 pounds per square inch, when mixed pure and
made into briquettes and exposed to the air for twenty-four
hours and immersed in water six days. Any cement which
meets these requirements, ought to be suitable for use in con-
crete foundations.

As a further check on the strength of the cement, briquettes
should be made out of one part by weight of cement and three
parts by weight of clean, sharp sand which will pass through
a sieve having 20 meshes per lineal inch and be retained by one
having 30 meshes per lineal inch. These briquettes after being
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exposed to the air for twenty-four hours and immersed in water
six days, should have a tensile strength of 250 pounds per
square inch.

All of the cement used in the construction of pavements
should be tested by the street commissioner, and none should be
used without his approval. No cement should be accepted that
s not shipped in barrels and the contractor should be required to
keep these dry until used. The commissioner should reserve the
right to reject any cement which is exposed to the weather
after having been tested. The street commissioner should also
reserve the right to retest any of the cement once tested with
the authority to reject any that may not withstand the required
tests.

The concrete should be made out of seven parts of broken

stone to five parts of cement mortar by volume. The mortar
should consist of one part by volume of cement and four parts
of clear, coarse, sharp sand, limestone, granite or quartzite
screenings. The cement and sand or stone screenings should
be mixed while dry until no streaks can be observed. This
mixing should take place in a tight box after which sufficient
water should be added to produce a mortar of proper consist-
ency when thoroughly mixed.  The mortar should be mixed
fresh and if it shows evidence of beginning to set, should be re-
jected.
The mortar when prepared should be added immediately to
the broken stone and the whole mass mixed by turning with
shovels and rakes on a tight platform constructed for the pur-
pose.

The concrete thus prepared should be placed upon the sub-
grade to the thickness required and compacted to a smooth sur-
face conforming to the grade and cross section of the street.
The concrete must be thoroughly compacted with iron rammers
and in order to give the top of the concrete a smooth surface, it
should be covered with a dressing of grout onehalf inch in
thickness consisting of one part of cement and four parts of

sand.
)
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No traffic should be allowed to pass over the foundation thus
constructed for a period of at least twenty-four hours or until
the cement has had time to set. During the period which is
required for the cement to set street cars should not be allowed
to use the thoroughfare.

The success of concrete as a foundation for pavements depends
largely upon the use of proper cement; the care which is exer-
cised in the use of the cement; and the removal of traffic of any
kind until the cement has set. ~ When properly constructed,
there is no question but that the concrete foundation is the very
best that can be obtained. = The only objection which can be
raised against it is the unnecessary expense which it sometimes
entails.

Miscellaneous Foundation Materials.—Among the miscel-
laneous materials which have been used for foundations may
be mentioned furnace slag and cinders. Both of these materi-
als are used in some sections of the state for the superstructure
as well as the foundation to pavements. When used for foun-
dation purposes, they occupy about the same position with re-
spect to the superstructure as the broken stone foundation.
They are used almost universally for the foundation to the ce-
ment curb and gutter and the granolithic walk. The use of
either of these materials for foundation purposes depends very
largely upon their accessibility.

Resume.

The heavy or light traffic streets upon which wooden block,
asphalt, brick or stone block pavements are to be constructed
should have either concrete or well constructed macadam foun-
dations. For heavy traffic streets the foundation ought to be
limited to concrete to insure the best possible results from the
material used for surfacing. The foundation for pavements on
residential streets, and in exceptional cases light traffic streets,
may be sand and gravel, macadam or concrete, depending on the
traffic, sub-soil and kind of pavement.
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THE CUSHION.

Wherever a concrete foundation is used in the construction
of a block pavement, it is customary to spread between it and
the superstructure a layer of from 114 to 2 inches of clean sharp
sand. This sand, which serves as a cushion, is only used in the
construction of block pavements. Where the joints are filled
with cement grouting, the cushion is in part, at least, saturated
with the cement mortar poured into the joints.

In the case of sheet asphalt pavements, the sand cushion is
represented by the binder course 114 inches in thickness. This
consists of bituminous concrete composed of pieces of clean
broken stone, slag or gravel, not over 114 inches in their largest
dimension, and steam heated asphaltic cement. The asphaltic
cement and broken stone, slag or gravel, are mixed in the
proportion of about fifteen gallons of asphaltic cement to one
cubic yard of stone.

THE STPERSTRUCTURE.

The superstructure of the modern street pavement consists
as a rule of either sheet asphalt, rock asphalt, asphalt block,
brick, stone block, broken stone, wooden block, tar macadam,
slag, slag block, cement concrete or glass block. Among the
other materials used for street surfacing may be mentioned
cobble stone, gravel, cinders, plank, logs, clay, charcoal, gumbo
and rubber.

Asphalt.*—In case the street which is to be paved contains
street railway tracks, the problem of constructing both the
foundation and superstructure is somewhat complicated. The
ties should be laid on a concrete foundation and should them-
selves be imbedded in concrete. Granite blocks should be laid
on both sides of each rail as headers and stretchers, commonly
known as “toothing stones.” Experience has shown that in the

*The specifications which follow have been copied from various
blank forms used in different parts of the country. A large part
of the subject matter, however, has been copied from the Milwaukee
specifications.
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case of asphalt these blocks are necessary to protect the pave-
ment next to the tracks. Granite blocks should also be laid
around all valve boxes, manholes or other openings, and used as
protection curbs at each intersection. The granite blocks used
in this way are a part of the superstructure of the pavement
and as such should have smooth heads and close joints,—not ex-
ceeding 34 of an inch in width. The upper face of the blocks
should measure not less than eight inches nor more than thir-
teen inches in length, and not less than three and a half nor
more than four and a half inches in width. The blocks should
be not less than four nor more than five inches in depth. Blocks
which are not uniform in texture and composition or those that
vary from a rectangular shape, should be rejected. Granite
blocks used in these places should be laid along with the con-
crete foundation and should be imbedded in cement mortar.
After the cement has set, the joints should be filled to overflow-
ing with an asphalt paving cement. This paving cement should
be composed of 20 parts of refined asphalt and three parts of
residual oil, obtained from the distillation of coal tar and being
the residuum therefrom, mixed with 100 parts of coal tar. The
coal tar, oil and asphalt should be heated and mixed in the pro-
portions named at the place where it is needed for immediate
use. This cement must be poured into the joints at a tempera-
ature of 300 degrees Fahrenheit. Dry hot gravel not exceeding
one-fourth of an inch in size, should be poured into the joints
which should have been previously filled with paving cement.
The same should then be consolidated by tamping with a light
rammer.

After the granite blocks shall have been set, the binder course
of bituminous concrete should be added on top of the concrete
or macadam foundation. This bituminous concrete should con-
sist of fine crushed limestone, granite or quartzite and asphaltie
cement. The asphaltic cement should consist of 20 parts of
refined asphalt and three parts of residuum oil as specified
above. The stone should be heated by passing through revolv-
ing heaters and thoroughly mixed with the asphaltic cement in
the proportion of about 15 gallons of asphaltic cement to one
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cubic yard of crushed stone. This binder material while hot,
should be spread on the foundation with iron rakes. It should
be immediately rammed and rolled with hand and steam rollers
while in a plastic condition until it has a uniform thickness of
114 inches.

Should the binder not show a proper bond by reason of having
been overheated or through lack of cement or any other cause,
it should be immediately removed and replaced. The upper
surface of the binder course should be made parallel with the
profile and grade of the finished pavement.

Upon the binder course there should be spread a wearing sur-
face which will be 114 inches in thickness when completed. It
should consist of 17 parts of asphaltic cement, 73 parts of
sand and 10 parts of pulverized quartzite or granite. The as-
phaltic cement should be the same as that used for filling the
joints between the granite blocks. The sand should consist of
quartz and be clean, coarse and sharp. Most specifications call
for 10 parts of pulverized carbonate of lime instead of quartzite
or granite. It is thought, however, that the use of limestone
in this connection is one of the causes of the deterioration of
the pavement and its use is discouraged.

The sand and asphaltic cement should be heated separately at
a temperature of about 300 degrees Fahrenheit. The pulver-
ized granite or quartzite is usually mixed while cold with the
hot sand, in the proportions indicated above. These ingre-
dients are then thoroughly and unifermly mixed at the above
mentioned temperature with the asphaltic cement.

This paving mixture should be laid upon the binder course
in one coat and at a temperature of not less than 250 degrees
fahrenheit. Hot iron rakes should be used in spreading the
mixture. After ultimate compression, as indicated above, this
layer should have a thickness of 114 inches. The surface should
be compressed with rollers and afterwards swept with a small
amount of hydraulic cement. Finally, it should be compressed
with a 15 ton roller, worked both crosswise and lengthwise of
tl.le pavement. The rolling should continue until no impres-
gion is made upon the surface.
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The grade of the finished street should everywhere be 14 to
14 of an inch higher than the granite blocks.

Provided granite blocks or vitrified brick are used for gut-
ters, these should be laid at the same time that the granite blocks
are laid along the car tracks and elsewhere, as indicated above.
The curb and gutter will be discussed in detail in a subsequent
chapter. For further discussion and illustrations covering the
construction of asphalt pavements, the reader is referred to the
chapter in which Milwaukee pavements are discussed.

Asphalt Block.—In some of the eastern cities, among which
may be mentioned New York and Washington, considerable
asphalt has been used in the shape of blocks and tiles. In 1899
the Hastings Paving Company constructed nearly 350,000
square yards of this kind of pavement. It has been used only
to a limited extent in Wisconsin and probably not sufficiently to
warrant giving an opinion as to its value. The manufacture of
~ these blocks was begun in 1869 but they were never considered
successful until the introduction of the powerful mechanical
presses in 1880 which provided a means for manufacturing a
strong and durable block. For a great many years limestone
was used in the asphaltic mixture, but on account of its soft
character and the apparent influence which it had upon disin-
tegration, trap and granite rock have been substituted.

In the manufacture of these blocks, an asphaltic cement eom-
posed of refined asphalt and petroleum oil, at a temperature of
300 degrees fahrenheit, are mixed mechanically with the
crushed rock. This mixture is transferred to moulds having a
measurement of 4" x12” x 3" and subjected to a pressure of
120 tons. This block when completed weighs 1314 pounds.
Blocks of other sizes and shapes are manufactured.

The manufacturers claim that the block is not slippery and
gives forth but little sound from the horses’ hoofs or wheels.
The fact that the blocks are non-absorbent makes them in a high
degree sanitary. -

The cost of this asphalt block pavement is about the same as
that of the sheet asphalt.

These blocks may be laid on any of the above described foun-
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dations, concrete of course being the surest and most service-
able. When a concrete foundation is used the blocks are usu-
ally laid directly on the mortar surface. When laid on old
stone block, macadam or gravel foundations, a cushion of 114
inches of sand is used.

Natural Rock Asphalt.—As deseribed in another chapter,
natural asphalt rock consists of porous limestone or sandstone in
which the interstices between the grains are filled with asphalt.
A more appropriate name for such stone would be bituminous
sandstone and limestone. Most contracts for natural asphalt
rock pavements specify the locality from which the stone is to
be obtained. TFor example, the St. Louis, Missouri, specifica-
tions for natural asphalt rock pavements call for Kentucky or
Indian Territory bituminous sandstone. Provision is made for
mixing either ten per cent of pure carbonate of lime or an
equal quantity of bituminous limestone. The final mixture,
however, should contain about 80 per cent of silica, not less than
ten per cent of bitumen, and not over ten per cent of carbonate
of lime. The bituminous limestone and bituminous sandstone
should be finely ground and thoroughly mixed without the addi-
tion of any extraneous materials. The mixture should be
heated in a steam heating machine at a temperature of not less
than 250 degrees Fahrenheit. As in the case of sheet asphalt,
the mixture should be spread at a temperature of not less than
250 degrees Fahrenheit and to such a depth that after it has
received its ultimate compression, it will have a thickness of two
inches. After the surface has been raked smooth, it should be
rolled with a two ton steam heated roller and covered with a
thin layer of hydraulic cement. Finally, the surface should be
compressed with a steam roller weighing not less than five tons,
until there is no impression made by the roller itself.

In view of the fact that the asphaltic sandstones and lime-
stones differ so greatly in composition in the same localities, T
am somewhat doubtful as to whether this material can ever take
the place of the sheet asphalt pavement. However, in the prep-
aration of the material for sheet asphalt pavements, so many
mistakes have been made through carelessness in handling the
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materials, that I do not think any very great difficulty should
be experienced in constructing natural asphalt rock pavements
equal to many of the sheet asphalt pavements now in use. The
principle involved in the construction of natural asphalt rock
pavements and sheet asphalt pavements, is the same as that in-
volved in the manufacture of natural and portland cements.
In the former the manufacturer uses the composition which is
provided by nature, while in the latter, he obtains the elements
separately and mixes them in proportions which experiment has
demonstrated to give the best results.,

The usnal specifications call for not less than ten per cent of
bitumen without any reference being made to the quality. The
nature of the bitumen undoubtedly influences very materially
the durability of the pavement, and it is my impression that
some standard should be adopted which will govern this factor.

It has been demonstrated in the pavements already con-
structed that more than ten per cent of calcium carbonate is
injurious to the life of the pavement. A considerable percent-
age of asphalt rock now quarried is limestone and it is well to
observe that when used alone it will have a tendency to disin-
tegrate rapidly.

I do not anticipate that this kind of pavement will ever be
used to any extent in Wisconsin. The nearest mines are in
Arkansas and Indian Territory, while the nearest known de-
posits occur in the western part of Missouri. The cost of trans-
portation practically precludes the possibility of constructing
this pavement.

Brick.—Vitrified paving brick are now being used quite gen-
erally in Wisconsin for paving heavy and light business traffie
streets. These brick are manufactured in two sizes, known re-
spectively as “the brick” and “the block.” The size of the brick
is 2" or 214" x 4" x 8”; the block size is 914" to 8" x4”x31," to
334”. Both the block and brick sizes are known in the specifi-
cations as paving brick, the desired size usually being specified
in figures.

The characteristics of the best vitrified brick have been dis-
cussed in the chapter dealing with materials used in street con-
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structons. The choice between large and small sized brick is
mainly a matter of taste where both are properly vitrified.
There is perhaps a greater probability of obtaining uniformly
and thoroughly vitrified brick by specifying the smaller size.
Tt is not uncommon for a kiln of paving brick to be over or
under burned. Sometimes the fire is held a little too long or
raised a little too high, on account of which the brick may be
over burned and more or less warped. For fear of over burn-
ing, the fireman occasionally draws the fire before the brick are
completely vitrified. Again, the kiln may be cooled too rap-
idly, checking the annealing. Any of these may happen at fac-
tories where the very best paving brick are now being manufac-
tured. Owing to these circumstances by which underburned
and overburned brick are sometimes produced, the manufac-
turer should separate his brick into three grades. No. I brick
should include those which have been thoroughly vitrified and
are perfect in shape; No. II, soft or underburned brick;
No. III, overburned brick or those which are out of
shape. Owing to the fact that brick from different kilns are
often differently graded, it is very necessary that all of the brick
used in paving should be subjected to a rigid examination.
Where the specifications call for first grade, all overburned and
underburned brick, should be scrupulously rejected. Every car
load of brick received should be sampled and tested before being
accepted. When the brick are removed to the street, they
should be carefully piled on the sidewalk next to the curbing.
It is only by observing these precautions that one can expect to
obtain the best results from the brick pavement.

The sand cushion on which the brick are to be laid should be
compacted and carefully spread until the surface is exactly
parallel to the desired street surface after completion. This
can be accomplished by using a wooden screed, the lower side
of which is cut to the proper curve by computing a sufficient
number of ordinates. By resting one end of the screed on top
of the curve and the other end on a carefully adjusted piece of
-scantling on top of the rail of the street car track, an almost per-
fect grade can be obtained by properly weighting and drawing
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it along slowly. No sand should be added to the cushion by
hand, neither should the surface of the cushion be in any way
disturbed during the laying of the brick.

The brick should be laid on edge, end to end, and in parallel
eourses at right angles to the line of the street except at street
intersections, where the courses may be laid diagonally or at
such other angle as may be thought proper. (See Pl. XIII.)
The brick should be laid sufficiently close so that the sides and
ends touch. They should break joints near the middle of the
brick and should be set sufficiently high so that, after pounding
and rolling, they will conform to the desired grade of the fin-
ished street. No broken brick should be used except in start-
ing or finishing the course at the curb, catch basin, rail or other
structure where it is necessary to break joints. Half bricks
used for this purpose should be properly cut and fitted, and care
should be exercised not to injure the brick by trimming or
breaking to the proper size. It is well to specify in this con-
nection that the work must be done by experienced men and
with the aid of proper tools. Better than this, however, is the
plan of purchasing half-sized brick where they can be used for
these purposes. This obviates the necessity of breaking a whole
brick and provides a piece of the desired size which has not been
injured by hammer and chisel.

In case the brick pavement is to be laid up to the curb,
thereby serving as a gutter, some advantage might be gained
by laying ten or fifteen courses of brick lengthwise next to the
eurb. In one Wisconsin city it was found desirable to alter
the cross section of the pavement in providing gutters on
both sides of the street. These gutters were formed by laying
ten to fifteen rows of brick lengthwise, raising half of them
gradually as the curbing was approached. The construction of
the gutters in this way protects the curb from the water which
flows off from the surface of the street.

On each side of the pavement an expansion joint of one inch
should be provided for. This joint should be filled with pitch,
Leated to a temperature of about 300 degrees Fahrenheit, to
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within one and one-half inches of the surface, the remaining
depth being filled with clean coarse sand.

After the brick have been laid, they should be rolled and
tamped until the surface is smooth and conforms to the desired
grade of the finished street. A roller of not less than six tons
weight should be used for settling the pavement and the brick
should be well tamped with a square rammer, weighing not less
than 90 pounds. .

Provided the traffic can be kept off of the pavement for from
24 to 48 hours, the joints should be filled either with a coal tar
paving cement or portland cement grouting. Coal tar paving
cement should be obtained by direct distillation of coal tar
at a temperature of not less than 400 degrees Fahrenheit. It
should be poured into the joints while hot and only when the
brick are thoroughly dry. Special care should be taken not to
pour the paving cement over the top of the brick. All the joints
at the gutters, curbs, rails, catch basins, ete., should be filled in
order to insure an impervious p