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BITUMINOUS MACADAM*
By A. W. DEAN,
Chief Engineer, Massachusetts Hig

hway Commission

A BITUMINOUS macadam pavement is one having a
wearing course of macadam with the interstices filled

by a penetration method with a bituminous binder.

Such pavements were built in a rather crude manner
in England and France in the early part of the nineteenth
century, but were nowhere extensively built until little more
than ten years ago,
and consequent increased destruction  of waterbound
macadam pavements made necessary the construction of a
surface to withstand the new destructive forces on the roads.
In the United States, the year 1908 marks the real begin-
ning of this type of pavement, although a few small ex-
periments or attempts were made previously. The first re-
sults achieved, while at the time appearing successful, were
not durably satisfactory, due to the fact that improper mate-
rials and workmanship were used. Further exper_lmental
construction and careful observation of results obtained by
varying the character of material an

d method used have
resulted in a widespread use of this type of pavement at the
present time, and when prope

rly constructed it has proved
to be an economical type where the vehicles to -be propelled
over it are not extremely heavy.

of Foundations

In the construction of this pavement, as in that of any
so-called permanent type, proper drainage and fqundatmns
are absolutely essential. Moisture and frost action under
the road crust are just as destructive as 11 the cheapest or

most expensive pavements. : E 5o
If the subsoil is a gravel or suitable sand, no artificial
of clay or other im-

Preparation

foundation- may be necessary, but if clay
consisting of stone or.

proper material, a foundation course ! >
If of stone, the interstices

coarse gravel should be placed.
should be thoroughly filled with gravel to prevent the cla.,y
subsoil from gradually working up a:nd filling the voids in
the stone, thereby permitting the moisture to permeatg and
destroy the foundation and pavement during frgs't ft;txon(.i
Upon the properly pre ared natural or artificial founda-
tion tt?e first clf,urge o}fi %rolI:en stone should be spread evenly
and to sufficient depth to be of the desired thlckness ai:fter
rolling. No universal rule can be ma_xde‘covermg the th}ck-
ness of this course, as the local conditions vary SO .extens;ve-
ly. For example, in some localities, the.‘subsoﬂ is of such
nature, and the materials available 11 the 1mm§ed1ate
vicinity are of such nature, that an artificial foundation of
stone ten inches or more in pe laid and the first

course of the pavement need be only ‘about two inche's _in
thickness. - This is economical and sa.tlsfacto‘ry in localities
where suitable stone for foundation 18 plentiful, but stone

urse of the macadam has to be im-

suitable for the first co 1
ported at considerable expense. On t,he. other har}d, }f
the subgrade is a proper one so that artificial foundat;ont }:s
not mnecessarily used, the first or bottom course 0 e
macadam should be not less than four inches 1in th_lckness
after rolling, and, if heavy loads are to be sustained, a
thickness of six inches is desirable.

Laying First Course

should be of uniform and good
d in such manner that there
or small stone. The stones

The stone in this courseé
quality, and should be fsplrea
may be no segregation of 1arge % = . ;
composing thizs fourse may vary In size from one'-;lzlf ﬁnCh
to three inches in their longest dimensions Pl‘gvil eb’ ow-
ever, that the percentage of the small size 8 ?‘k e vi;;y
small. If the course is four inches or less 1n thickness, the
best results are obtained, however, by using -stone v.arsﬁng
in size from one and one-quarter to two and o‘ne-'half inches.
The same minimum size i preferable in a SIX inch course,
but the maximum size may then be three inches.
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In laying this course the same methods s

used_ as in the laying of ordinary waterbound mac:g:rl: it:i
cluding thorough compaction by rolling, and securing a ’uni-
formly smooth surface. Unlike the first course in water-
bound macadam, however, the voids in this first course must
be filled with_ stone dust, fine gravel, or sand, in order to
preYent wasting of bitumen by penetration into this course
during the construction of the top course. It is essential
that the surface of the bottom course be even and without
depressions before laying the top course. After the con-
struction qf this course is' completed, all surplus dust and
fine material should be swept off, leaving the upper stones
bare to receive the second or bituminous course.

Laying Second Course

After the completion of the first course as ‘above set

forth, the second course is spread at such thickness that i

will be two inches thick after rolling if for medium li
vehicular traffic, or three inche ick i i ght
in large volume. e :For e
It is extremely important that the stone i tai
course be of good. quality, uniform in characl::f;;d ;?xdth;::
spread that there is no segregation or large or snylall sized"
stones. If building for light weight vehicles only, the stone.
used may have a French coefficient of wear as low as eight
and a hardness value of eight, but for heavy vehicles;g a
better quality of stone should be obtained if possible, using-
in such case a stone having a French coefficient of n’ot le*‘%
than twelve, and preferably even greater, and a corcesp :1
ingly higher hardness value. AT B

The best and most lasting results are obtai i

; i ; ained if the.
sizes of the stone in this course vary from three-quarte}:':
1nch_ to j;wo»andhone-half inches, with the larger sizes pre-
dominating. This has been proven; even though it appears?

inconsxstent"co use a two and one-half inch stone in a
course two inches thick. f

Extreme care should be had in the layin i '
of this course to have it uniform in its ioﬁpiﬁgnz‘ollilzrg
of stone and rolled to a uniform thickness. The rolling:
should te thorough, in order to reduce the voids and makg
the surface hard and smooth, although not as thorough
as in the case of water bound macadam roads. '

After rolling, the bituminous material ied:
at.aktemperatulze of 250° to 300°F., with :hr?xlzlc%:si:zﬁpgfi
tributor that will force the material onto the surface uni-
formly, such fgrce being equivalent to that obtained under a
pressure of thirty pounds or more to the square inch. The-
amol'lnt pf bltumlnous material used per square yard in this
application will vary from one and one-half gallons on a
two 1n.ch course to about two and one-half gallons on a
th.ree .mch surface. Great care must be had in the dis-
tribution of_the bitumen to prevent getting too much or:too
little m.aterlal in spots or streaks, otherwise “bunches” orl-
depressions, as the fault may cause, will soon develop.

Surfacing With Bitumen

After spreading the bitumen, it should be ligh 3 :
completely covergd with pea stone (%-in. 'stone)hgr}:filytht;:f
oughly rolled, using a fifteen ton roller if available, and if
the stone is of hgrd quality, or a somewhat lighter roller if
of a poorer‘quahty stone. Success will not be obtained if
this course is not thoroughly rolled.

; A se_al coat of the same quality of bitumen- is then ap-
plied, t_l’smg one half gallon of bitumen to the square yard
for this application, then covering again with pea stone:
and finishing with the heavy roller.

When the bitumen is applied the stone should not be
wet but may be moist, and in all cases must be absolutely
clean and free from dust.  The bitumen used may be an
asphalt or tar product, and as this paper is somewhat
limited, the details of specifications for this material are
necessarily omitted. '

Whether of asphalt or. tar, the bitumen should be pro-
perly _reﬁned and prepared for use in this type of construc-.
tion, its properties varying slichtly with the climatic condi-
tion of the territory in which it is to be used. ¥ ata

In northern climates like that in the New England
States and lower Canada the best and most lasting results:



