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ROLE OF THE LABORATORY IN THE PRELIMINARY IN.
VESTIGATION AND CONTROL OF MATERIALS FOR LOW
COST BITUMINOUS PAVEMENTS

By Tros. E. Sranrox, Jr.,
Materials and Research Engineer,
AND

T BN Hva <
Associate Physical Tesm:ng Bngineer
California Division of Highways

SYNOPSIS

In this report, the value of careful laboratory control of materials
used in low cost bifuminous pavements is demonstrated. The paper
outlines the methods which have been adopted in California and
discusses the various factors involved in the problem.

The grading of aggregates may be judged by several unrelated
criteria such 2s economy, permeability, workability, surface texture
of finished pavements, oil demand, and stability. Grading Curves,
with tolerance limits wide enough for average plant production, are
given to show gradings which have proven satisfactory.

Formulae for determination of oil content involve surface ares
analysis, The report deseribes a method and gives a table of surface
area constants and curves. The surface area is multiplied by the
bitumen index o get the amount of oil required. A bitumen index
ehart is shown with curves which apply for particle surface textures
with different degrees of roughness from glassy to vesicular.

A machine has been divised to test the stability of bituminous
mixtures. Deformation of the specimen results in pressure on a
liquid. Laboratory tests with this “Stabilometer,”” have been cor-
related with pavement service. For susceptibility to moisture of oil
roads, the laboratory uses modified procedures of methods developed
by the Arizona Highway Testing Laboratory. A water-asphalt pref-
erential test has been adopted to determine the water-resisting
properties of a filler to be used in a bituminous mixture. A swell
test is used to determine the effect of water on oil mixes. This test
is considered to be the most reliable for predicting the effect of water
on the road surface.

This report outlines proeedure for the laboratory control of materials
used in the construction of low cost bituminous pavements, and demon-
strates that such control is as desirable as in the ease of expensive hard
surface pavement construetion,

Increasing mileage and diminishing funds per mile have combined to
increase the importance of the low cost road surfacing problem, and the
consequent stress on economical construetion leads to the utilization of
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STANTON AND HVEEM—CONTROL, FLEXIBLE TYPE ROADS 15

the cheapest local aggregate obtainable. On the other hand, the
probability of excessive maintenance cost due to unsatisfactory quality
may rule out the cheapest source of supply. Therefore intelligent
consideration requires a balancing of first cost against annual mainte-
nance, with due consideration for available funds and traffic needs.

Many failures and subsequent excessive reconstruction and mainte-
nanee costs have been incurred through the use of faulty materials when
the original cost would bave been but little increased, and the subsequent
maintenance problems negligible, had there been more rigid laboratory
control, '

Figure 1. Distortion of Traffic Stripe Due to Small Unstable Area on Center
Line. '

TUp to recent years, most laboratory tests were made solely for the
purposes of identification and control, to ensure that the materials
complied with specification requirements. There is, however, another
important contribution which can be made by the laboratory to ensure
quality in the finished produet. Through the conduet of preliminary
investigations and trial designs of special combinations of materials, a
given design or combination can be tested in the laboratory on a small
seale without the necessity of risking a large investment in more or less
experimental construction.

The grade of materials and requisite tests in Class A pavement con-
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struction are fairly well defined. This is not so true of low cost pave-
ment construction, and therefore considerably greater laboratory
initiative and advice is frequently required with this type of surface to
ensure satisfactory quality of work while maintaining low cost.

Economy in construction is the first essential in designing the cheap
pavement, and this factor requires that the most readily obtainable
suitable local materials be used. Local sources of supply, while eco-
nomically desirable, will nevertheless develop considerable variety from
one region to another. If uniformly satisfactory pavement surfaces
are to be constructed, using aggregates covering a wide range of charac-
ter, it becomes necessary to vary the construction methods and exercise
diseretion in the choice of the bituminous binder in order to compensate
for variation in aggregates and conditions.

The second requirement, probably of equal importance to low con-
struction cost, is low maintenance cost. It frequently happens that
local mineral aggregates are obtainable which represent a wide range in
quality, with the more desirable aggregate requiring a greater initial
outlay. A choice of the most efficient design can be made only with an
aceurate prior knowledge of the relative quality and probable service
of the materials. In order to utilize all materials which have possi-
bilities for successful combination, laboratory tests and standards of
quality must be in close harmony with the requirements of the finished
pavement. If the greatest economy is to be attained, no material
should be rejected which may give a practicable surface; but on the
other hand, no aggregate should be used without accurate knowledge as
to its capacity for trouble.

To achieve this desirable end, laboratory tests must be correlated
with pavement behavior. It should be possible to prediet the extent
to which any material, or combination of materials, will resist the
destructive action of traffic and the elements. Any pavement which
distorts under traffic or which deteriorates due to exposure or the action
of water should show the characteristics of such failures in proper
laboratory tests.

The various control factors and phases of the work will be discussed
under separate headings, with an outline of the manner in which the
problem is being approached in California and the methods which have
thus far been adopted to meet it.

GRADING OF AGGREGATES

Before discussing the merits or demerits of various gradings of mineral
aggregates it will be well to consider the reasons for requiring any
particular grading or tolerance limits.

In other words, one should set forth the qualities or benefits to be
achieved by a “well graded aggregate’ as compared to a poorly graded
material.

W [aslio.com
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A cesual survey of bituminous pavements already in existence shows
that successful results have been obtained at some time in one locality
or another with practically every combination of rock particle sizes.

"In California, for example, existing roads range from penetration maca-

dam without fines and with large spaces between particles, to oiled
pavements consisting entirely of material passing a 20-mesh sieve., It
is also true that poor results may be found in each type of grading.

Tt is difficult to find evidence to prove that low void volume is the sole
or even an essential measure of quality. This department has long
since abandoned voids determination in the design of road oil and cut-
back mixtures.

It is evident, however, that grading of aggregates does have an effect,
either during construction or in the finished produet, and it is proposed
to set Torth at least a few of the factors which are affected by grading,
with the premise that “density” is not of itself an essential goal and
bears no predictable relation to desirable quality.

Study of the effects of various gradings has led to the belief that there
are a number of points or criteria by which gradings should be judged.
For instance, engineers engaged in portland cement concrete consfruc-
tion will discuss a grading in terms of ““workability”” perhaps more often
than any other quality.

And, in like manner, the following items are suggested as being the
most important in bituminous mixture design: economy, permeability,
workability, surface texture of the finished pavement, and, for practical
construction, a grading not too critical as to oil demand.

Stability! of the mixture, in individual cases, may be affected by the
percentage of certain sizes in the combination. For instance, in a given
case, an increase in 40-mesh sand may show corresponding and consist-
ent loss in stability. In a second instance, an increase in the amount of
sand between the 10 and 30-mesh may be the cause of low stability. In
still other cages, however, the same changes in gradation may not pro-
duce corresponding loss in stability, or may even result in improvement.
While we have by no means investigated all the possibilities, it appears
that stability is unpredictably affected, if at all, by changes in grading.

The ideal grading must satisfy all of the various requirements to some
degree. From a practical standpoint, the grading to be used represents
a compromise. For efficiency of design it is not enough to assume that
a “straight line grading,” or grading giving maximum density or a cer-
tain fineness modulus, will sufficiently meet all these requirements.
Each item must be considered separately as the following paragraphs
will illustrate.

1 The term “stability,’’ as used in this paper, is intended to express that prop-
erty of bituminous pavements which tends to resist plastic deformation. Un-
stable pavements are considered to be those which corrugate or groove under
the action of traffie. A pavement which ravels and disintegrates due to abrasion,
or which fails from water action, is not necessarily unstable.
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Economy. The most economical grading is usually that which re-
quires neither additions to nor subtractions from the run of plant or
pit. Natural gravels, talus deposits, or erusher run usually give a
gradation from fine to coarse. Production of single sized aggregate
such as is used in the open-graded type of construction, usually means
the elimination of a considerable part of the product. Closely sized
materials for macadam type construetion are frequently more expensive
than the uniformly graded aggregate. The matter of greatest economy
is again a factor which depends on local conditions, and should be
judged by the probable service value of the road as well ag by first cost.

Permeability, or porosity, like most other considerations, has a varying
degree of importance depending on local conditions, In bituminous
pavements over a hard, sound subgrade or base unaffected by moisture,
or in 2 dry climate, permeability is a matter of minor importance.
Several macadam type pavements in California have given good service
for years, even though field tests indicate a high degree of porosity. On
the other hand, there have been a number of cases where it is elearly
evident that water seeping through a porous surface has.completely
destroyed the supporting subgrade, and extensive failures have resulted.
The importance of permeability is a factor which must be determined
for each specific project, but in = majority of cases highly porous pave-
ments are undesirable. In designing a grading, this factor is dependent
to a large extent on the percentage of material of the 30, 50 and 100 mesh
size; It is apparently a matter of pore size rather than of void volume.
It is in all probability the quality that most engineers have in mind
when speaking of “density,” .

Workability is significant only when considered in terms of certain
equipment, or under certain conditions. The general practice of placing
the material with blade graders, and consolidating under traffic or with
rollers, makes the placing conditions fairly constant, and the term
“workability” may be taken to apply to existing practice. Workahbility
is most affected by the quantity and grading of the coarse agpregate in
the mixture. A restriction limiting the amount of large rock concerns
the handling characteristics; it is well known that it is diffieult to secure
smooth riding, uniform surfaces with an excessive percentage of coarse
rock.

Non-skid qualities of pavements are usually obtained by the use of
sufficient coarse aggregate to preserve an open texture in the surface, or
a mosaic of large particles tightly embedded in a matrix of finer material.

Non-critical or so~called “fool-proof’” mixtures are not so easily clagsi-
fied. A study of the failures, however, indicates that troubles of one
sort or another are more likely to develop when an excess of fines is
present. In other words, mixtures with a high dust content may be
classed as critical, and the amount of oil must be precisely correct for
satisfactory results. The range of practical variation is narrow, and
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fine graded mixtures will more often be too dry or too wet than just
right. Therefore, on agccount of the difficulty in mixing as well as
maintaining the correct asphalt eontent within the variations normally
attendant upon construction, excess fines are to be avoided if possible.

Stability. In the present state of our research, we have littleevidence
as yet to show that stability is directly affected by gradation. From a
study of field results, there is ample evidence that almost any grading
may develop sufficient stability to withstand the thrust of traffic, pro-
vided that, due to its surface characteristics, the aggregate itself has a
high inherent stability. A brief consideration of existing pavements,
including macadam, open-graded types, sheet asphalt, sand clay, ete.,
will bear this out.

To sum up,-a satisfactory grading is one that meets all the various
requirements on a particular project to the degree in which they are
important. While a variety of combinations may meet any one of the
ahove items, only a limited range of gradings will satisfy all.

In approaching the grading problem, it appeared necessary to make
some assumptions as a preliminary step, and work was begun on the
premise that all gradings, regardless.of maximum size, should be com-
parable on a. relative scale and follow similar principles. In other
words, considering for instance an aggregate with a maximum size of two
inches and graded down to dust, and a second aggregate with a maximum
size of one inch, the same percentage of material should be smaller than
say one-half the maximum size in each case, and so on with all other
fractions. On this basis, a general grading curve can be drawn in

" which the abscissa values are arranged as fractions or decimals of the

maximum size, and the ordinates represent the percentages passing each
gize. (See Fig. 2.) Grading curves with tolerance limits may be
plotted thereon, and have the same shape when applied to a wide range
of materials, whether the maximum size is § in. or 33 in. The grading
curves shown on Tigure 2 can be used for aggregate of any maximum
size by substituting the proper sizes of openings for the fractions of the
maximum. Figure 3 shows the arrangement for 1 in. maximum size.

With this chart as a basis, studies were made comparing satisfactory
gradings from a number of different sources. In addition to work
carried on in California, consideration was given to gradings of portland
cement concrete, asphaltic conerete and other construction, as reported
from various sources throughout the country. -

The grading tolerances shown on Figure 2 represent a composite of
the grading systems which have been developed under numerous eon-
ditisns. Notes have been placed in certain areas on these charts as a
general guide for recognizing probable characteristics of gradings where
the plotted curves transgress these areas. It is believed desirable for
the field man, or any one designing gradings, to understand the reasons
and their degree of importance for fixing the position of each portion of
the curve. :
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Grading curves within the toleranee -limits shown on the charts have
proven satisfactory; and while other gradings showing considerable
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departure therefrom have been used, they will rarely embrace all of
the desirable qualities. It is believed, moreover, that the procedure
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outlined will permit intelligent selection of gradings with proper allow-
ance for all factors involved. The tolerance limits shown have been
established with due consideration for the producer’s problem, and are
wide enough to be practicable for average plant production. (See
Table L)

Aggregate grading analyses should be corrected when there is appreci-
able difference in specific gravity between the various sizes.

To summarize, a standard grading should meet all requirements,
although departures may be made in individual eases when the project
renders some phase of greater or less importance. A specified grading
must have tolerances as narrow as practicable to prevent fluctuation
during construction, and should be designed to satisfy all requirements
on g given project.

TABLE 1
(lRADING LIMITS FOR AGGREGATES WITH MaAXIMUM SrzEs SHOWN
Maximum Size
Size or Sieve
Number Por Cout e | perGent | P Gont Par Gont
Passing Passing Passing Passing Passing
14 In. 100
1% In. 80 to 100 100
1 In. 75 to 95 30 to 100 100 .
2 In. 100
3 In. 57 to 7b 62 to 80 7010 85 75 to 95 100
No. 3 46 to 60 50 to 65 54 to 66 57 to 75 70 to 90
No. 10 32 to 44 34 to 46 36 to 48 40 to 52 45 to 59
No. 40 i6 to 25 18 to 27 20 to 30 22 to 32 27 to 37
No. 200 4t0 9 5to 10 6 to 11 7t0 13 8 to 17

DETERIMINATION OF OIL CONTENT?

Formulae for the determination of oil content have been developed
and used by a number of State highway departments, particularly in
the western states. In all of these the surface area of the aggregate
is the major factor governing the oil demand. The formulae best known,
such as the McKesson-Frickstad, Stanton, New Mexico, ete., are of the
short form type based on the percentage of material retained on the 10-
mesh, the percentage between the 10-mesh and the 200-mesh, and the
percentage passing the 200-mesh, each percentage being multiplied by
a predetermined constant. Each formula represents an average of the
conditions with which its author has to contend.

2 “California Highways and Public Works”’” for October-November, 1932,
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The Stanton or California Formula is as follows:
P = 0.02a 4 0.0456 + 0.18¢

‘Where P = percentage of 0il in mix by weight
@ = percentage of aggregate retained on No. 10 sieve
b = percentage of ageregate passing No. 10 and retained on
No. 200 sieve '
¢ = percentage of aggregate passing No. 200 sieve

For coarse mixtures (50 percent or.less passing 1-in. screen) increase
coefficient of ¢ to 0.20. For fine mixtures (100 percent passing i-in.
screen) reduce coefficient of ¢ to 0.15. -

This formula is referred to in “Public Roads” for August, 1934, as the
“Stanton Formula,” and the following note on page 141 is interesting
in this respeet.

“Tt will be noted that the percentages of oil caleulated by- the Stanton formula
are in close agreement with the mean percentages given by the surface area
method.”

It is not strange that this should be the case, as the Stanton formula was
derived from the more elaborate surface area method, and for most uni-
form gradings the resulis should be comparable,

The multiplicity of the short type of formula devised in efforts to
serve the average conditions encountered in each state illustrates the
difficulty of developing a single short formula which will fit even the
average conditions for the entire country. In addition, we have the
situation eomplicated by the fact that a correct determination of oil
demand depends to a great extent on the surface characteristies of the
aggregate (hard and glassy, rough and porous, or average) as well as on
the eorrect surface-area.

To ensure correct determination, the methods used in the California
laboratory include both surface area determination based on a cornplete
sieve analysis, and consideration of the surface characteristics of the
aggregate.

Following is a deseription of the method, together with a table of

- surface area constants and necessary curves. It is not assumed that
these surface area constants are exact; and particularly in the ease of
material finer than 200-mesh it'would be impossible to assign any one
constant to fit all aggregates.

In general, the method is based on analyzing the material by sieving,
and caleulating surface area values from the sieve analysis, with recogni-
tion of the following factors: '

First, the optimum oil content is directly related- to the surface
capacity of the aggregate. This surface capacity is affected by three
factors, each of which may vary independently of the others.
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(a) Most important is variation in surface area due to variation in
grading. For the same weight, small particles have a greater
surface area than large ones.

(b) Variation in surface area due to shape and character of surface of
particles. :

(¢) Variation in adsorption capacity of different aggregates.

Second, it has been established that the thickness of the oil film, or
coverage factor, must be varied according to the average size of the
particles.

TABLE II
SurraceE ARBA CONSTANTS
The equivalent area in square feet of one pound of material of each size

10 Sieves 7 Sieves 7 Sieves 4 or b Bioves 3 Sieves
Sieve No. Czon; Sieve No. C‘éon; Sieve No. %‘on; Sieve No. cé‘mE Bieve No. C‘?DE
Pass Ret. s Pass | Ret. stan Pass |'Ret, stan Pass | Ret. stan Pasg [Ret. stan
Wagh! 300

200 | Wash?| 200! 200 2504 (| 200 250 || 200 250 || 200 2503
100 200 | 120! 100| 200( 120

80 | 100 75 80| 200{ 115

50 80 55| 50| 100{ 60 . ]
40 &0 36 40 80] 50 i 40| 200| 80
30 40 27\ 30 50 32

20 30 18 ’ 200 40| 20

10 20 11| 10{ 30| 15 10 20; 11 10| 40| 18 || 10{200; 45
3 10 5 3| 10 & 3 10 b 3 100 5
1
1

10] 4
3 3 1] 10| 4

1 3 3 | & 3 1 38 3

1 8ilt remaining in suspension over 15 sec. and removed by elutristion.

2 Sand passing 200 mesh but not removed by elutriation.

2 This value applies to average dust, and will be in error for sore materials.

Application—Use table according to number of sieves used. Reducing the
number of sieves will reduce accuracy. By sieve analysis determine amount of
each size of aggregate and express as percentage of the total. Multiply the
percentage of each size by the constant for that size and divide by 100. The sum-

mation of these items will represent the surface area of the sample in square feef

per pound.

PROCEDURE

The surface area equivalents for a sample of aggregate are calculated
from the sieve analysis. The grading is first determined, and the
amount of each size expressed as a percent of the total. (See Table 111
for example.) From Table IT the constants are selected which represent
the surface area in square feet per pound for the size groups. The
percentage of each size is multiplied by the appropriate eonstant for

- that size, the summation of results giving a surface area equivalent for

the grading represented by the entire sample. This method may be
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used in connection with any number of sieves but more aceurate results
are obtained with a large number of size divisions, particularly of the
finer particles,

TABLE III

SrowiNe DIFFERENCES IN SURFACE AREA EquivarEnTs CALOULATED FROM A
Suarn NUMBER oF ScREEN Sizes as CoMPARED TO VALUES
OBTarned By Usivg 4 Fury Spr

Constants from Table IT Constants from ‘Table IV
Sleve CPee;t
Number; p_o el Ratio x Suef Arer  Burf Arvea | Ratio ., Surf. Ares _ Surf. Area
Each Size ™ Constanta of Sample | Rach Size Constants = of Sample
Grading ‘A’
Wash| 4| 04 X 80 = 12.0 .
200 | 12! 08 X 200 = 16.0 } 20X 250 = 0.0
100 13 01 X 120 = 1.2
80 15 02 X W = 1.5
50 | 20| 05 X 55 = 27 18X 8 = 152
40 31 A X 38 = 4.0
30 32 01 X 27 = .3
20-| 34 02 x 18 = 4 14 X 18 = 2.5
10 45 d1 0 i1 = 1.2
8158 | 10 X 5 = .5 ' _
1l100] 45 x 3 = 14 } Bx 4= 22
1.00 1.00
Surface Area of Sampledn Sq. Ft.
per Lb. = 41.2 = 49.9
Calculated Oil Content Using 0.0
Line from Fig, 10, = 0.37 = 041
‘ Grading ‘B’
Wash| 9| .09 x 30 = 270 || _
200 11 02 X 200 = 4.0 } X200 = 275
00 {25 [ 14 X 120 = 16.8 ‘
| 28| .01 x B = 7 _
50 | 28| 02 X 8 = 1.1 18 X 80 = 144
40 29 01 X 36 = 4
30 36 07 X 27 = 1.9
20 37 01 x 18 = 2 A0 X 18 = 1.8
10 39 02 X 11 = 2
3 65 26 X b = 1.3 _
10| 35 X 3 = 11 } BoX 4= 24
1.00 1.00
Surface Area of S8ample in Sq. Fs.
per Lb. = 54.7 = 46.1
Caleulated Oil Content Using 0.0
Line from Fig. 10 = .043 . = .039
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TABLE III—Concluded

Constants from Table II Constants from Table IV
Sieve (%;fﬁ
Number Possing | _ Ratio Surf. Area . Surl. Area Ratio o gurf, Area _ Suri. Area
Each Size ~ Constants ~ of Sample Each Size Constants of Sample
Grading ‘C’
Wash 6 06 X 300 = 18.0 _
200 | 11| .05 X 20 = 100 } AL X 20 = 205
100 18 07T X 120 = 8.4
g0 | 20| 02 x B = 15 _
50 | 25| .05 x 8 = 2.7 18 X 80 = 144
40 29 04 X 3B = 1.4
30 32 03 X 27 = 0.8
20 36 04 X 18 = 0.7 16 X 18 = 2.9
10 45 09 X i1 = 1.0
3 60 16 X 5 = o7 _
1]00]| 40 x 3 = 132 } 65 x4 = 22
1.00 ’ 1.00
Surface Area of Sample in 8q. Ft.
per Lb. = 46.4 = 47.0
Caleculated Oil Content Using 0.0
Line from Fig_. 4 . = .039 = 039

Procedure. Assuming a sample graded as Grading C having a recommended
qurface factor No. b and with a spécific gravity of 2.40.

Referring to Figure 4, it will be found that a surface area of 46.4 on curve humn-
ber 5 gives a bitumen index of .00102 pounds (of oil per square foot). The product
of surface area and bitumen index gives the oil ratio. As the surface area eurves
are based on a speeific gravity of 2.65 and the sample has a specific gravity of 2.40,
a correction will have to be made. Hence: o

2.6 :
5?2 W 4.64 X .00102 = .052 = oil ratio; or, 100 lbs. of apgeregate will require

5.2 Ibs. of oil.

In Table ITT results are shown for three gradings, with surface areag in
each case calculated with 10 sieves, and with four. It will be noted
that gradings A and B show a congiderable variation in surface area
equivalents when computed from 4 measured sizes ag compared o &
computation using a full set of sieves. Grading C is a uniform grading
which gives practically identical results regardless of whether a full set
of sieves is used or not. The degree of error depends entirely on the
particular grading concerned. :

The results thus obtained represent a comparable mathmetical rela-
tionship between surface areas of different aggregate gradings. Varia-
tion in surface aren between different classes of material of the same
grading, due to differences in shape and surface characteristics of the
particles, must be estimated by inspection of the aggregate or deter-
mined by proper laboratory tests. Rough, irregular particles have, of
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course, greater surface area than smooth, spherical ones. Variation due
to adsorption must be determined by trial or laboratory tests. This
variation is due to the unequal capacity of different mineral aggregates
to attract and hold asphaltic residues on their surfaces.

Having arrived at the surface area equivalent for a particular grading,
the amount of oil required is calculated by multiplying the surface ares
by the bitumen index.* The bitumen index is a variable factor indicat-
ing the amount of oil in pounds required to cover one square foot of
surface area. The bitumen index ehart (Figure 4) gives the eoverage
factor range which may be applied to different surface area equivalents,
It will be noted that in fine grading combinations with high surface
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Figure 4. Chart for Determining Oil Content from Surface Area of Combined
Aggregate. Developed by F, N. Hveem, California Division of Highways.

area, the coverage factor is smaller and the tolerances more restricted
than in coarse combinations.

Corrections must be made for aggregates having a specific gravity
above or below 2.65. The fundamental basis being, of course, relative
volumes of oil and aggregate, it is obvious that a lighter aggregate will
require more oil by weight and a heavier one will require less.

The bitumen index curves are numbered from 0 to 10. These curves
represent arbitrary surface factors designed to distinguish between
particle surface textures with varying degrees of roughness. The
lower curves apply to smooth » glassy particles, the highest eurves to rock

* This term was used by Mr. A. R. Ebberts. Proceedings, Sixth Annual
Conference, “Asphalt Paving Conference,” 1927, Cireular No. 49,
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of the vesicular lava type. In application, the most appropriate curve
is selected to represent the surface roughness of a given aggregate.
This curve number is then established as a constant, from which oil
contents can be caleulated for various gradings of the same aggregate.
The curve, then, becomes the only constant factor, and is the basis for
laboratory recommendations to the field forces. ' ‘
Material represented by the lower surface factors is usually not highly
stable. It is probably true that any aggregate or grading requiring & -

 bitumen index below 0.0007 will be more likely to show distress in wet

weather than will be the case where a thicker film is used.

There is reason to believe that this method is applicable to agphaltic
concrete as well as to light oil mixes; and, furthermore, brief studies
have indicated that required water cement ratios in portland cement
concrete may be calculated from surface area analysis, provided that the-
principle of variable film thickness is recognized.

The form and application of this method rest on the following assump-
tions. Tnstability of a bituminous treated pavement and lubrication
of the mass are synonomous terms. Then, since all road oils and
asphalts are viscous liquids, the prineiples of lubrication are in operation,
and it follows that small particles are more easily lubricated than large
ones. There is need for a diminishing oil coverage in order to maintain
stability as the particles diminish in average size. {It should be under-
stood that this is a design basis; all particles, large or small, in any given
mixture have the same coverage factor or bitumen index.)

In the preliminary investigation of aggregates in the laboratory,
surface area equivalents are calculated from grading analysis as de-
seribed. ‘Trial mixtures are made with several oil contents calculated
by means of surface factors arbitrarily selected from inspection of the
aggregate. An attempt is made to select curves which will give an oil
content both above and below the assumed optimum. Specimens are
formed from these mixtures and tested for stability in a special machine
(described later). This test, being primarily a measure of internal
friction of the mass, indicates the presence of excess oil by measuring
the reduction in friction. From these test results, the surface factor or
oil line is established and used as a basis for recommendation to the
construction forees, ‘

The amount of oil for a given aggregate and grading is fixed on the
generdl assumption that the most desirable oil content is the largest
amount the aggregate will tolerate without developing instability. It
is believed that all other conditions, such as resistance to moisture,
ravelling, impact and oxidation are best met with a relatively high oil
content., In the event of re-working, richer mixtures are preferable.

It should be understood, that the term “high” is used only in a
relative manner. The highest permissible oil content may be indeed
quite low in the percentage scale for some materials.
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The point is stressed that the curves shown in Figure 4 are not used
merely to indicate a minimum or maximum range. Considerable effort
is made to determine the precise surface factor which will provide the
optimum oil content for » given aggregate. When once established,
this particular surface factor becomes the only constant, and is the
basis for laboratory recommendations. The surface factor, or “oil
line” furnishes a practical means of comparing the relative degree of
oiling between a fine mixture requiring a high oil content and a coarse
grading requiring much less, :

STABILITY TESTS

As is generally known, paving mixtures using fuel oil as a binder do
not show high stability when tested aceording to methods which force a
test specimen through an orifice, or which subjeet it to direct shear.
However, the fact that oil mix pavements have successfully withstood

“high speed automobile traffic and truck traffic over a period of years

demonstrates that such pavements possess the qualities necessary to
prevent distortion under traffic.

This situation requires a-stability testing device which will Ineasure
the stability of fuel oil mixtures, and show that the oil mix which remains
hard and smooth under traffic has more stability than asphaltic concrete
pavements, constructed of inferior aggregate or poorly designed mixtures
which become corrugated and rough under similar treatment.

It is observed that unstable conditions predominate in pavements
containing aggregates with a hard, glassy surface texture. On the other
hand, when rocks of a rough, irregular surface texture are used, fewer
cases of instability are noticed.

Bituminous pavements are most likely to deform during extremely hot
weather, and for this reason 140°F. has been generally adopted for the test
temperature. Observations in California indicate that black pavements
under the direct rays of the sun may reach a temperature at least 35
percent higher than the atmospheric shade temperature. Oil mix pave-
ments must withstand temperatures of at least 140°F. , and in the desert
regions of California as high as 160°F.

If it 4s logical to test asphaltic concrete or sheet asphall at 146°F., as
representing its most susceptible condition, all bituminous pavements should
be tested at the same temperature for direct comparison.

The first apparatus developed to measure stability consisted of a
metal cylinder slit on one side. Opening was restrained by a compres-
sion spring. Variations of this type of machine were built and used for
routine testing for several months. The metal type was later discarded
in favor of the hydraulic type, the latter being found to be more aceurate.
Tests were first performed on mixtures of sand and gravel without
bituminous binder. 1t was evident that there is a considerable varia-
tion in the resistance to displacement of different mineral aggregates

WAV Taslio.Com e o o


http://www.fastio.com/

ClibPD

www . fastio.com

STANTON AND HVEEM—CONTROL, FLEXIBLE TYFPE ROADS 29

under load. This difference is obviously due to the variation in friction
between the particles. It may be said here that the development of
this idea, together with test results on a great many specimens, lead to
the belief that the surface character of mineral aggregates 15 their most
important single quality affecting stability of bituminous pavements. It
may be further stated that some varieties of stone, even in the form of
crushed ledge rock, develop surfaces of a relatively smooth, glassy tex-
ture which have shown low resistance to displacement when tested, and
have produced relatively unstable pavements. On the other hand,
certain stream gravels, even though rounded and waterworn, retain a
surface of sandpaper-like texture, which under compression develop
high friction and produce stable pavements. It is, of course, usually
irue that erushed material is superior to uncrushed gravel in this respect.
We are here discussing qualities of aggregate, as it ig obvious that excess
asphalt may render any mixture unstable.

In designing a testing machine, the following assumptions were made.
Asphaltic paving mixtures may be classed as plastic solids; hence, &
measure of resistance to plastic deformation should be a measure of
stability. The degree of roughness or distortion of the pavement is the
accumulated result of a large number of quick shoves or pushes, each
Jasting for a small fraction of time.* To produce roughness, the pressure
exerted by vehicle tires has first to_overcome friction between the
particles of mineral aggregate. The residual forces (load minus fric-
tional resistance) cause movement, varying according to the rate at
which the particular bituminous binder will flow under the prevailing
conditions (temperature, amount and consistency of the asphalt, amount
of filler dust, ete.). ‘

In an unstable pavement, if the bituminous binder flows or displaces
an amount N under load L during time T, then under traffic (equivalent
to the load L) the displacement N will be reached when the sum of the
effective duration periods of the individual pushes equals the time T.

N = f(LT)

This is suggested as tentative form of the equé.t_ion. The exact
relationship is yet to be determined.

It appears that the deformation under load, when a viscous liquid is
involved, will vary approximately with time but not directly with the
load. ' '

The machine designed in the Materials and Research Department of

the California Division of Highways to measure resistance to lateral
deformation under load has been termed the “Stabilometer.”

+ This viewpoint is well covered in greater detail in a discussion by G. H.
Perkins, Proc. A, 8. T. M., Vol. 25 Part II Page 371
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DESCRIPTION AND OPERATION

The Stabilometer is a form of plastometer, and consists essentially of
an outer metal shell of eylindrical form within which is secured a rubber
tube of smaller diameter. The rubber is clamped to the cylinder at
each end in such a manner as to form 2, water-tight chamber between the
outside of the rubber tube and the inner side of the metal eylinder.
This water-tight chamber is filled with any suitable liquid, and connected
with a pressure gauge to register the pressure to which the liquid is
subjected. (See Fig, 5.) :
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Figure 5. Zbiagrammatic Sketch of the Hveem Stabilometer. The specimen is
given lateral support by the flexible side wall which transmits horizontal pressure
to liquid. Magnitude of pressure is read on gauge.

A compacted test specimen is formed to fit snugly within the rubber
tube, so that any lateral expansion of the loaded test specimen transmits
pressure to the liquid through the flexible rubber walls, the resulting
pressure being recorded by the test gauge,

Laboratory test specimens may be prepared by tamping, compression,
or any suitable means of ecompaction designed to give as nearly as
possible the same efficiency of consolidation as is obtained from rolling
or traffic. 'We have found that efficiency of consolidation is not always
accurately indicated by density.
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Specimens cut from the pavement with a core drill should be of proper
size to fit the Stabilometer.

With the test specimen in place, the liquid in the surrounding hy-
draulic cell is brought to a standard initial pressure by means of & hand-
operated displacement pump. This initial pressure forces the rubber
walls into snug contact with the side of the specimen before the test
load is applied. The initial pressure must be maintained uniformly for
all specimens if direct comparison is desired.

The Stabilometer is then places on a testing press, and the load applied
at any desired speed, preferably a slow head speed of 0.05 in. per minute.?
The load is applied over the entire top surface of the compacted bri-
quette, and the resultant stress tending to deform the specimen at right

Figure 6. Evolution of Stabilometer from Small Expansible Metal Cylinder To
Hydraulic Type With Adjustable Base for Various Specimen Heights.

angles to the direction of the test load is transmitted through the rubber
walls and registered by the pressure gauge of the Stabilometer.

Test resulis may be interpreted in various ways, as for instance by
the ratio of transmitted pressure to applied pressure, by comparing the
amount of load absorbed. in overcoming resistance of the specimen to
deformation, or by referring to an arbitrary scale in which zero represents
a frictionless liquid condition, and one hundred a rigid solid.

" Qtability tests may be performed on any sort of stiff plastic material,
such as clay, soil (for bearing values), wax, and aggregates with or without

bituminous binder. With certain modifications, they may even furnish

& American Society for Testing Materials, Standard Method of Making Com-
pression Tests of Concrete, D72-21. :
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a practicable means of measuring the Plasticity or workability of con-
erete mixtures. ‘

The machine was developed experimentally and has been improved
and modified by experience. Its evolution is shown in Figure 6. It
bas been adopted by the Materials and Research Department of the
California Division of Highways as a routine test for bituminous mixtures
of the oil mix or cuthaek type, and in this connection has been applied
to more than ten thousand specimens, most of which were compacted
in the laboratory.

In applying the Stabilometer test to samples of oil mix pavement, it
is necessary to prepare specimens by compaction in the lahoratory, as
the weak binding medium does not, in most cases, permit the cutting
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Figure 7. Relative stability and tensile strength of asphaltic concrete cores
compared with condition of pavements. & = Sheet asphalt, remained smooth
for 20 years. B = Cutback Mix, rutted and grooved. C = Old pavement, had
been planed several times. D = Stable A.C. Pavement. E — Tnstable A.C.
Pavement, badly corrugated. F = Unstable A.C. Pavement, badly corrugated.
G = Moderately Rough, remained smooth 5 or 6 years. H = Rough and waved.

of cores from the pavement. Tentative limits were established based
on a few observations, and during the applieation of the test to current
work, results have been studied in order to arrive at maore correct
correlation. - For simplicity, stability results are reported in a scale
ranging from 0 to 100 per cent, in which 0 equals a liguid condition, and
100 per cent is the equivalent of a solid with no measurabie lateral
reaction under the test loads employed. ,

A study of the United States Bureau of Public Roads report on the
impact effect of vehicles® and the State of Pennsylvania investigations
of tire pressures with the sectometer” led to the assumption that a test

¢ “Public Roads,” November, 1932.
" Bamuel Eckels, “Distribution of Wheel Loads Through Various Rubber
Tires.” Proceedings Highway Research Board, Vol. 8, p. 192.
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load equivalent to approximately 400 pounds per square inch is reason-
ably representative of the stresses developed by pneumatic tired truck
traffic (recognizing the inerease of static load due to so-called impact).
Results are compared by means of the Stabilometer readings under
a test load of 400 pounds per square inch. Correlation with pavements
under actual traffic indicates that a stability value between 30 and 35
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Figure 8. Nomographic Chart Showing Very Probable Relatlonships of Stabilom-
eter Results and Tensile Strength to Service Rendered by Pavement. The
point where specimen lines intersect the time scale indicates proxable time re-
quired for pavement distortion-to become apparent (assuming 300 cars per day and
climate similar to California interior valley region). The time factor will vary
with amount of traffic, duration and intensity of warm weather.

per cent represents a borderline condition. In other words, stability
values of less than 30 per cent indicate & pavement which will invariably
displace under traffic, while pavements having stability values above 35
per eent have so far indicated satisfactory service values. The volume
and type of traffic, vary enough between different sections of pavement
to make precise agreement difficult.
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In order to determine the applicability of the Stabilometer and estab-
Lish close correlation with field work, a number of cores have been taken
from existing asphaltic concrete pavements. The pavements were
classified by visual inspection as either stable or unstable, with some
cases classed as borderline or slightly unstable. Such visual compari-
sons are necessarily very inexact. The most that could be expected
would be that stability test results would show a prepanderance of high
values in the stable appearing pavements. Variation in pavements due
to segregation of material during placement, and difficulty in selecting
a typical area to be sampled, all render it impossible to obtain precise
agreement. (See Figure 7.) A very probable relationship of stabilom-
eter and tensile test results to the service rendered by the pavements
is shown graphically in Figure 8.
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Figure 9. Load Reaction Values as Measured by the Hveem Stabilometer.
Results are on S-in. cores from asphaltic concrete pavements. Height of speci-
mens approximately 2% in,

The first tests with the Stabilometer were made on specimens of oil
treated aggregate. As work continued, it became evident that test
results were in good eorrelation with the stability evidenced by pave-
ments under traffie. After a time, specimens of cutback asphalt mixes
and asphaltic conerete were tested, and also laboratory mixtures were
prepared in which the quality of the aggregate and the grading were
maintained constant, the only change being in the consistency of the
asphalt.

It was found that the Stabilometer gave practically identical results

with a given aggregate, grading and amount of asphalt, regardless of
consistency of the asphalt. These test results caused some doubt as to
the value of the Stabilometer test, as it was presumably an accepted fact,
for instance, that asphaltic concrete was of higher quality and therefore
more stable than an oil mix pavement.
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Comparisons of good reactive values as measured by Stabilometer
tests of cores from asphaltic concrete pavements are shown in Figure 9.

TENSILE STRENGTH

* TIn order to measure and explain the differences which obviously exist

‘between pavements using light oil and those using hard asphalt, a device
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Figure 11, Typical Cohesiometer Graphs Automatically Recorded

was built to measure the tensile strength or cohesion of a specimen.
(See Figures 10-11.) The tensile strength of a bituminous pavement is,
of course, due chiefly to the adhesion of the asphalt to the aggregate
particles, and the cohesive strength of the bituminous film. While the
quality is deseribed as tensile strength for the sake of simplicity, it must
be recognized that more precisely it is the rate of flow with time, and
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hence characteristic of the consistency of the bituminous binder, and
also the fineness or surface area equivalent of the aggregate.

It was found that definite and consistent differences could be meas-
ured in this way between oils and asphalts of varying consistency. A
given specimen with “D” grade asphalt may give as much as 50 times
the “tensile” strength of a mix using fuel oil.

An attempt to correlate tensile strength values with pavement

. performance shows very uncertain agreement. The fact that mixtures

of very low tensile strength can and do remain smooth under traffie, and
also that mixtures of quite high tensile strength have been known to
become waved and rutted, is proof that high tensile strength is not
essential for resistance to the distorting effects of vehicles.

It is true, however, that if the pavement mixture is lubricated to such
a degree that it has a tendency to distort, the time required for roughness
to become evident will depend to a great degree on the tensile strength,
or more precisely on the rate of low of the bitumen serving as binder.

SUSCEPTIBILITY TC MOIRTURE

There have been several instances of failure of oil road surfaces which
cannot be attributed to improper design or faulty construetion methods,
Several sections in California and others reported from Arizona have
softened and disintegrated due to rain or ground water, while other
sections subjected to identical climatic conditions have shown no
distress. These failures are obviously due to the material being sus-
ceptible to moisture.

Before proceeding with the discussion, it may be well to define one of
the terms which must be used in connection with this phenomenon.
To quote from an article by Mr. A. W. Dow published in the Proceedings
of the Sixth Annual Asphalt Paving Conference:

“Adsorpiion is a term that has generally been accepted to denote the surface
attraction or adhesion of one body for another, as for example, when a powder
adheres to the surface of a solid, when a liguid wets a solid or spreads out over the
surface of another liquid, or when a gas or vapor condenses on the surface of a
solid. Asstated by H. M. Holmes in his Laboratory Manual on Colloidal Chem-
istry, ‘It seems that every solid surface has an attraction for other substances,
greater for some than for others. This holding to & surface we call adsorption,
and we differentiate it from chemical reaction or solid solution. It may be due
to free valence of the surface atoms but whatever it is we are able to measure it
and study it. Some solids have far greater adsorbing power than others and a
given adsorbent shows preferential allsorption, Of course the finer a solid i is, the
greater its surface area and the greater its adsorbing effect per gram.’ »'8

Although Mr. Dow was referring more specifically to variations in
adsorption of asphalt from solutions, the question of preferential adsorp-

5 Proceedings, Sixth Annual Asphalt Paving Conference, “Variation in Ad-
sorption of Agphalt by Different Mineral Aggregates,” A. W. Dow, Consulting
Engineer, N. Y.
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tion also applies to materials of highway construction as regards “affin-
ity’’ of the mineral aggregate for water and for petroleum oil of the
asphaltic type. Any mineral aggregate, whether fine or coarse, which
is more readily wetted by water than by asphbaltic oil may be expected to
give trouble in the presence of water. Affinity for water may be due to

the character and composition of the rock particles theroselves, or to
some surface film or contamination which has been deposited by infil-
tration of soil water, etc. Water will slowly penetrate such a mass,

even though oil treated, and surround the rock particles with a film of
water which tends to lubricate or promote instability. In many cases®
particularly with oils of low viscosity, the oil may be actually displaced
to gsuch an extent that the material will change color and revert fo a
brownish hue. This phenomenon is not restricted to small size particles
such as filler dust, but may appear with any type of grading. The
greater surface area per unit weight of fine material is chiefly responsible
for the more marked effects on fine mixes as compared to coarse. Ithas
been ohserved that heating the aggregate to high temperatures before
mixing will frequently correct any tendency to adsorb water. This is
not effective in all cases, however,

Several test methods have been devised to deteet the susceptibility
of oil roads to moisture conditions. The methods now in use in the
laboratory of the California Division of Highways are modifications of
methods originally adopted by the State Highway Laboratory of Arizona
under the direction of J. W. Powers, Materials Engineer.?

WATER-ASPHALT PREFERENTIAL TEST

This test is usually intended to determine the water-resisting proper-
ties of a filler which is to be used in a bituminous mixture, and is made
on a sample of dust passing a 200-mesh sieve.

The apparatus consists of:

1. An electric motor stirrer with means for controlling the speed to
1500 revolutions pet minute, (Fig. 12.)

2. A water bath that can be maintained at 140°F.

3. An 8-ounce sample bottle with wide mouth and screw cap.

A 50 ml. sample of heavy fuel oil (60-70 per cent asphalt) heated to
140°F. is placed in the sample bottle. To this is added 10 grams of
filler dust passing a 200-mesh sieve. The bottle is then placed in the
hot water bath and the mixture stirred for five minutes with a mechanical

o ¢A Significant Determination on the ‘Fines’ Entering into Oiled Road Con-
struetion,” Arizona Highways, June, 1920; ““A Method of Testing to Determine
the Suitability of a Material for Oil Treatment,” Arizona Highways, June, 1930.

Attention is also called to an article by A. R. Ebberts, “Emulsifying Effects of
Asphalt Fillers,”” Rock Products, Vol. 35, Nov, 22, 1030, pp. 53-55.

Also Vietor Nicholson, “Adhesion Tension in Asphalt Pavement, » Roads and
Streets, 1032, March to June.
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mixer revolving at a speed of 1500 r.p.m. After five minutes, 100 ml. of
distilled water at 140°F. is added and the mixture stirred for a second
five-minute period.

After the sample has had time to settle and the water to become clear,
the amount of clean dust in the bottom of the jar is estimated and
recorded as the percentage of total dust separated (Fig. 13). If the
dust is of satisfactory quality it will remain in the oil and no free parti-
cles will be observed in the water at the hottom of the jar. The dust
refained in the oil may cause all or a portion of the oil to settle to the

BT

Figure 12, Laborat'ory Stirrer and Water Bath as Used for Water-Asphalt Pre-
ferential Test.

bottom after a certain length of time. If the dust is of poor quality,
showing a strong affinity for water, the dust will be concéntrated in the
bottom of the jar, having separated from the oil. The test is reported
by estimating the percentage of dust which separates. Using these
terms, 0 per cent separation would be entirely satisfactory; 100 per cent
would be entirely unsatisfactory. At the present time, it is considered
that separation up to 25 per cent may be tolerated.

This test, however, is not as conclusive as the Swell test, inasmuch
as the filler dust may constitute only a small percentage of the total
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mixture. While it may be shown that the Preferential and the Swell
tests are in general agreement, certain cases have been noted where
results are difficult to reconeile. The test is considered of value chiefly
because of the inexpensive equipment and the relatively short time
required for the determination. It is intended to be used prineipally
for distinguishing between various deposits of silt, loam or any fine
material proposed for filler. It should be considered as auxiliary to
the Swell Test.

Figure 13. Samples of Water-asphalt Preferential Determination on Filler
Dust. Jar on left contains poor material, as evidenced by free dust in bottom.
Jar on right shows example of satisfactory test, dust enclosed in mass of oil in
bottom of bottle.

SWELL TEST

The Swell test is made on a compacted specimen of oil mixed aggre-
gate representing typical proportions of oil or asphalt as well as grading
used in actual construction.

The necessary apparatus (Fig. 14) consists of:

1. A cylindrical metal mold 4 in. inside diameter and 5 in. high.

2. A perforated brass disc 1 in. thick and 3% in. in diameter, with an
upright stem 5% in. long, fastened to the center.

3. An Ames dial mounted on an arm which may be clamped to an
ordinary ring stand.

i
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The bituminous mixture is compacted in one end of a metal cylinder
in the form of a briquette approximately two inches thick, using stand-
ard methods of compaction. Before applying the final load in the
compacting operation, the position of the briquette is reversed in the
mold so that the surface exposed to the tamping action becomes the
bottom of the speeimen. The briquette, without being removed from
the mold, is then placed on & ring stand and the perforated plate placed
on the upper surface. The Ames dial is brought in contact with the
upright stem and the reading noted. Five hundred ml. of water are
then poured into the upper part of the mold on the surface of the speci-
men. After standing for 24 hours, a reading is taken and the swell
recorded in thousandths of an inch. The swell thus measured is not a
function of the depth of the specimen, but merely results from the

Figure 14. Assembly for Measuring Swell of Compacted 0il Mix Specimen,
Master gauge permits large number of tests without expense of separate dials.

water drawn into the surface by attraction between the water and the
aggregate, and is the swelling of the wetted surface layer.

It hag been observed that fine mixtures having a high surface area may
be expected to show greater swell than the same aggregate in a eoarse
grading. In order to compare results, a tentative scale has been
established which permits the allowable swell limit to vary with the
degree of fineness of the specimen. This tentative scale is as follows:

Surface Ares Tentative
of Aggregate Permissible Swell
8aq. Ft. In.

20 020
30 025
40 © 080
50 .085
60 .040
70 .045
80 .050
90 .055

100 .060
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The Swell test is considered to be the most reliable method and will
throw more light on the probable effect of moisture on the road smrface
than any other known test.

It should be understood that the detrimental effeets of moisture on a
pavement are not confined to those materials which are classified as
susceptible under the two tests just deseribed. If moisture is present
in the aggregate at the time of mixing, trouble may be expected until
it has evaporated. It seems evident that 1} per cent moisture is
generally about as much ag can be tolerated without causing instability.
Recent studies in Wyoming as reported in “Public Roads,” August,

Figure 15. Specimens After Removing from Swell Test. Sample on left gave
high swell, from section of highway showing considerable failure. Sample on
right gave no swell, and section of highway shows no distress.

1934, are of interest in this respect. Any mixture containing moisture
may give trouble if placed on the road. Once having dried out, how-
ever, hydrophobic® aggregates are not generally subjeet to further
attack; mixtures with hydrophilic®? aggregate (which show a high swell)
may be expected to soften and disintegrate in the presence of moisture,
even though placed absolutely dry.

10 The term ‘‘hydrophobic’ is generally accepted to designate any material
having an “aversion’’ to water; hydrophilic applies to materials displaying an
“affinity’’ for water.
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BITUMENS

The chief function of the bituminous binder, at least in the oil mix
type of road, is to furnish adequate resistance against the abrasive
action of tires. Ravelling is the inevitable result of too low an oil
content. Asphaltic residues furnish a binding medium which also

| Condlenser, For
aetermiming mots
inofl mixture.. = -

oy
e 2

Figure 16. Distillation Apparaius in Resident Engineers Field Laboratory.
TUsed to determine amount of moisture present and avoid error due to loss of
volatile oils, etc.

offers a certain amount of resistance to moisture (varying with the
amount and type of asphalt and the particular aggregate).

In deciding on the grade or consistency of bitumen for a given project,
several factors must be given consideration. Among these are the type
of equipment to be used in construction, and the prevailing climate
during and after the construction period. The grading and porosity
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of the aggregate are important factors. The greatest adjustment must
be made with the road mix method of construetion, because of the
difficulty in controlling grading, and the impossibility of controlling
climate, even in California.

For the purpose of estimating the grade of oil best suited to a given
project, the following tentative equation is suggested as a guide for use
in the road mix method:

¥8§=K
Where V = viscosity of the oil (Saybolt-Furol) at the test temperature
(140°F.)
S = smrface area of the aggregate expressed as square feet per
pound

When values of K are less than 9,000, mixtures lack tensile strength,
and when K is greater than 36,000, road mixing difficulties will be con-
giderable. In other words, the tensile strength will be too great. It is
suggested that, so far as possible, the value of K be maintained around
25,000.. This formula, is tentative only, based on incomplete evidence,
and obviously should have a factor for temperature under working
conditions. It is felt, however, that with certain modifications an
equation of this form will be a satisfactory guide.

In the case of plant mix construction, the upper limits become un-
important, because by means of heat the viscosity can be mamta,lned a8
desired.. The lower limit, however, will apply in any case.

Requirements for rapld medium and slow curlng liquid asphaltic
road materials have been written conforming to the specifications
recommended by the Asphalt Institute after numerous conferences
with representatives of the U. 8. Bureau of Public Roads and the
various state highway departments. In addition to the materials
included in the Asphalt Institute Specifications, we have added an
extra series of MC products and an intermediate grade of heavy road oil.

The characteristies of the asphaltic produets included in the 1934
Specifications of the California Division of Highways are tabulated in
Tables IV and V.

California has had practically no experience with the RC series using
grade D asphalt as a base. Several sections have been treated with
grade E or 90-95 road oil cut baek with naphtha, and the results have
heen quite satisfactory.

Some of the MC types have been used extensively, although MC-2
has been used very infrequently and MC-1 not at all. MC-3 is specified
for road mixing in relatively cool weather, and the evidence so far
indicates that several days’ curing in the windrow is beneficial before
consolidation is effected. MC-4 has been used extensively for road
mixing, and is probably the most suitable grade under warm weather
conditions. MOC-b is too heavy for road mixing except in extremely

¢



http://www.fastio.com/

HIGHWAY RESEARCH BOARD

e T

-, _ . % v A . a.ﬂ. ) u. .._
.HMHE mw-mm ‘GME mw.mm -Eg mm-mm -52 mo- Qm ......... F LR .mmv.-ﬂ-Ho.—HMOd.Hﬂ.m'H .qoﬁﬁuﬂswo E ®~£=Hom .“Hhmo kmm
Iy 966 ‘U1 966 U 9 66 UGG |t e Treeeese L aPUINGKT UOQUBY) T QN[O U0 18]
-.—HMSON. JHMEON ..QHSHON. .EEON. ..... ver et ranan Pad s ean .......-..............:.aua.r—HoN.N.ﬂﬁhﬂmmﬁvﬂ—g
02108 021-08 02108 0¢1-08 ey TrrtTTrrrermeneevereeres o008 6 8 001 “.44 TOIBIROTOG
. {TOT)R[TISI(Y WIOI] SMPIRaY U0 1837,
“Xupy o "XBI 27 xepy gg KB OF | e e e St T, 089 0F OFEITSICT (30
U W 31 U1 0Z T 98 e e Pereesessensen e g 00 08 YBLTISICT T8I0,
"W €0 W g “ury ot agr gt | e e e Ceeeseneeie gt oz 00 OVRTIISIC [RIOL,
‘U @ e e e “ateersn B8 01 00BTIIISI [RI0L
rawnyos £q juwes 1od ‘worre[mIsIq
OOﬁH’OON. DOTWNN ........... D TR N ) -_MHODw.H Pﬁ HO.H.—.._.'m ﬂﬁomh‘wm n\mﬂmm_oum.-n\r
OOTOON O@.HFOW ............. Pt Pra e s i ey . ..pm”oNNﬂ u.ﬂ HCH.“.—rvH ﬂHOthm Cn.w..nwmvum.-ﬁb'
-._H_”E Ow -.ﬁﬂmg ow -.HH.-HS OW ._HA.HE Om ..... O et e i DI R “rrw .—m .MUQ'M.NE ..HQQO nu.q_nom HﬁmﬁMr_H
m._” QN QN *m ..... L AU I I I IR SR R, -............Hﬂ@Qnglﬁﬁ—PH_AHﬁzQﬂ..ma.lcno.mnmgq
oy D" oA oyu TomEUSs (] noneeymedy
uorRIeusg ,06-04 LP1ernxorddy yo yieydsy ( speir) Jursn
syeqdsy joeqyng wqigde)y Sutmy prdey
STVIHALVI] av0y OILTVHASY (INDIT J0 SOIISTHEIOVEVI])
AT HTIEVL -

ClihPDF N

om

wavw fastio.c


http://www.fastio.com/

STANTON AND HVEEM—CONTROL, FLEXIBLE TYPE ROADS 45

U G966 | CUNAL €9°66 | CUIN G966 | CUEN G966 | CUIAL G966 | UL G9°66 | TOPHO[UIBIAL woqIt) Ul sjqnios Jusd Ioq
TIAL G 66 "W G760 U 66 UL 766 AL 766 UL G660 UOPYMSH WoqIe) UL 9TqRIS JUaD 134
W 09 U 09 W 09 T 09 UL 09 37 m kL e AN
002001 008-00F 00&-00T 008-001 008-001 0004 T sorerer0s g 8 Q0T “lod) HOTBOUR]
:UOTYR[[ISI(T WO} SNPISoy UO 818a],
XEN 91 XBIN 02 XBIAL ST XTI 46 XBN LE e 1 Tttt L0089 01 STB[ISIT [RIOL
B TT THB FL XBIA 9T 0z-8 0z-01 "my S Tt e, 009 03 SFBIIMSICL [BIOL
YW T X 1 X T XBIY % XBI & XEW O | ceeren Leseessenegr rop 03 Q4RSI [BIOL
) : ‘ rgumpoa £q jusd Iod ‘woryE(HSIA
OOWIODM_. OWNION.H e ..—moom._” 7% MQHB..MH ﬂ._noghﬁm aknﬁmmowmm>
008-00% 009-008 ggg-0¢er | 0 BT g 0BT 48 [orng j[oqdTg ‘Ayrsoosiy
0s1-0% |ttt R AL HOHﬁ.m“ H:On_.hﬁm —;hﬁ.“moomwkr
WAL 041 T 09T "I OeT "UIAL 041 ‘I 02T S srereeeee g Bo(q 38T, usdQ) ‘utod B[
1T 71 A 12 1% 9 | cevesseees oo aod ‘oussoxal] apwuaxolddy
ARl BHEE O 5-ON O 0N TON Ol uoyESise] UoYBIYRRdS

worpeIgeus L0z Atewxorddy jo grory Iaddp) us FurAsyy ﬁﬁnmmﬂ o opBI) JuIs)
syeydsy {orqIN) SWAS0ISY JuULM) WNTPITY

wavwlastio.com

libPD

C


http://www.fastio.com/

HIGHWAY RESEARCH BOARD

46

WA 9766 | WIN G966 | VNN G966 | CWIN G966 | Cum eges |t *"OPHO[[IVIIAT, UOGIT]) UL I[RIOY JUGD IO
“UIIY 8'66 UL G 66 UL G 66 "I §°66 W CE6 | T rapYnsI uogqIE) UT AqTL0g JUSO 9]
‘Ui 08 "UI 08 "W 08 "UIAl 08 WOy R wo ‘g, L) Y8 A3HIONG
052001 092-001 098-00T 04%-00T 0gz-00T | e Y *t 44 LR S ALK |
! (OTB[[IISY(] UIoI} SNPISSY WO 81897,
S —— S . e RPN TP *+ 1,089 0% S3BINSIC [10L,
XU 1T XOTY 71 X 91 078 e e "1.000 03 STETTIISICT (2101
XE T X 1 YO T XBJ 2 e e e 185 0F OPBIITISICL [91OL
:amnpos £q jued 1ad ‘UOTB[IISI(]
OWN?@N.H e A.08T 1€ HOHB._H _.w—n_&.;h.mm n.hummOomm.P
056-059 008-008 005008 1011 A N A T "dL03T 3 [0In] jjoqAug Aysodsip
- 098021 T Jo85L 8 [omyg Jjoqdeg "A1s00sIA
"I 091 T 09T "I 091 U 08T W 0SL | T ot S Ae, wed ‘ywog UsELd
._..H "v.m N.._” . HN ] N.N bed e trrea e enas I .nwd”m:u .Hmnm nw.ﬂmmOHUM—” mud.nquo.unmﬁmq
Egeiyint:s OR0Y fae){(et: T-DICH TolyrudIsa(] uolwoyoady

ONoy

1FQ PUOY G606 “[oBIng sudsoldy Junng wmIpapy
PapRPuey—A1 ATAV.L

om

wavw fastio.c

ClibhPDF -


http://www.fastio.com/

STANTON AND HVEEM—CONTROL, FLEXIBLE TYPE ROADS a7

-agngryeay Jpeqdsy o} Aq POPUATUTIOIDI guoreIgIoads oy} Ul PApRIAUT JON 1

‘UT 69766 | I 99°66 | CWIN 99766 | UL $9°66 | UTIA 99°66 | WM 9°86 | WA £9°6d APHOLPBIAL, WOGLE;) Ul BEYNOF FU8 13
W 066 | CWINO'66 | W 066 | WN066 | WINO066 | WHAO06E | ‘A 0G6 " OPFISIA TOgIE)) T SqU[OF UL 13
"W 62 ‘W 9% “ulpy 62 "XEIN 09 e 0 | e CretLGEL I8 999, $E0T
’ 1 HOTYB[[I4SI(] UIOLY ONPIeay o 8983,
"By 81 XE 07 "XBIY 6T KB 08 XBI 09 ' " L 080 0% 2SI B0
‘KB 8 "XB 0T XBI ST xR 6T seeseen 1009 0F S9RTIHSHA [BI0L
XOI & XBIN G XBIY € XBI & e C T L8 03 9FBIMSI BT
.mSEg £q jus2 1ad ‘uoryB[[1ISL]
e “ur 00T e, St eRmOT G AL.CE8
18 Jurjee WO SSO] J93JE SNPIESI JO "USJ
"W 095 wmgoer | v d,TGT 1% 189, 180T
xep 062 | “XEIN 003 e Ceeeeeenog) 1% 980T, V901
059-068 o0t | | | T 05T 18 [oang 3oqisg ‘L1s0951A
058002 08-0F _ S ZGT Y8 (oI HOqARg ‘AYS00SIA
oF-08 | "TaL2 %8 100 ﬁﬁ?m ‘A319008TA
‘wy 00F | U 098 “uLy 083 ‘UI 005 WA 005 WAL QLT WSt | Fa _&5 wad () puB[eAs]) VU0 U8B
.N.w.._..)H 0T .undHa D [ e ! N I A A = .EQ «ﬁmﬁ:ﬁmm
.N.ﬂg mo .N.NE WO ..... Ve amaw ...-..-.-....PQQQ.HQHH nhmﬂﬁg
KRN G'T ‘XBI & XU T “XBIA @ XN T X8I B R 1) 211 Iad .pnadﬂﬁmm PuUE 1998
U 46 6-06 "I 9L U T4 a2 B R L ge-08 "% ‘uoryBIEURg (8 §O ANPISAY EYdsy
a6 156-06
08 o8 1] 08 YIi-08 108 - mopendsa(] wolwIgRadg
[BLLIBY PBoy §reydsy

S[IQ PBOY—SPNPOL FuLmy) molg

Gy

wavwlastio.com

libPD

C


http://www.fastio.com/

ChihPDF - www fastio.co no

e

48 HIGHWAY RESEARCH BOARD !

hot weather, but has heen used successfully in plant mix with cold
aggregate. It is frequently specified when the material is mixed several
days prior to placing. The widespread use of driers to reduce moisture
has led to the use in plant mix work of an extra-heavy grade containing
approximately 11 per cent of kerosene solvent, which would be in the
nature of an MC-6 grade. This grade is considered most desirable for
all plant mix work when the aggregate is heated, and has proved the
most satisfactory,—it can even be handled readily from railroad cars
24 hours after mixing, : '

Of the slow curing produets, SC-1 is used very littie, or only in the
form of pipeline run oil, without detailed- specifications. SC-1A is
used for dust oiling and some prime coat work. - 8C-2 has proved to be

4

TABLE V
AsprALTIO CEMENTS—CALIFORNIA SPECIFICATIONS
Air Blown
Crade
A B C D B

Flash Point, Pensky-Mar-
tens, Deg. T............| 400 Min. | 400 Min. | 400 Min. | 400 Min. 400 Min.
Penetration, Original.....| 0-10 1020 20-35 40-90t | 100-2501

- Loss on heating at 325°F.,,
per cent........ | 1 Max. 1 Max. I Max.| 2Max.| 3 Max.

Penetration after Loss...| 70 Min. | 70 Min. | 70 Min. | 60 Min. | 50 Min.
Softening Point, Ring and

Ball, Deg. F..........., 185240 | 150-185 | 130-150
Ductility at 77°F., em....[ 1 Min. 1 Min, 1 Min. | 30 Min. | 75 Min.
Per cent Soluble in Car-

bon Digulfide, .......... 93 98 98 99.5 99.0
Per cent Soluble in Car-

bon Tetrachloride. .. ... 97 97’ 97 98 99.5

No emuisification or solution shall oceur when a 30 gram sample is boiled for
2 hours with 250 cc. of distilled water in & 500 cc. Eilenmeyer flask equipped with
a reflux condenser,

! Penetration of original ssphalt at 77°F., 100 g., 5 sec. shall be as provided
in the special provisions.

the most satisfactory for prime coat on subgrades, and is used to a
considerable extent in both road and plant mix construction. SC-3 and
SC-4 grades have been used extensively in penetration surface treat-
ment, and in a few cases in mixing operations. In addition to the
asphaltic road material 954-, an additional grade specified as 90-95
has been used for armor coat, sealing and penetration work, :

We have also established a series of cuthack asphalts using 90-95
road oil cut back with kerosene solvent. This series has been designated
as ROMC, and is used much as the MC oils. This grade is more
practicable for road mixing, and remains workable for a longer period.
It is especially suitable in premix stockpiled material for maintenance
patching. ' '
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CONSTRUCTION CONDITIONS

The particular methods and equipment employed during eonstruction
may have a definite effect on the quality of the finished product, and
hence construction methods are of interest to the laboratory, just as
laboratory tests and methods are a matter of interest and concern to the
field men.

Reduction of moisture content of the aggregate has occupied much
attention, as it has been clearly demonstrated that having an aggregate
dry at the time of mixing is good insurance against future trouble.
In the early days of plant mix construetion, moisture was given little
consideration, but when the importance of this factor became recognized,
steps were taken to require windrowing of the material by blading and
scarifying on the roadbed, thus drying the oil treated aggregate prior to
consolidation. Such methods are frequently quite successful in hot
climates where-the relative humidity is low, and it is often possible to
reduce the moisture content to less than one percent by working on the
road. Moisture can be eliminated by road mixing much more effec-
tively after the material is oiled than before, because the oil coated
particles do not take up moisture from the subgrade or night air, as is
frequently the ease with unoiled aggregate. And since the mixture will
absorb more heat due to the dark color of the oil drying is faster.

With an apparently perverse tendency, however, bituminous con-
struction is all foo often carried into cold weather; drying on the sireet
becomes difficult or impossible, and artificial drying is the only cor-
rective. This proeedure, while at first considered to be too expensive a
refinement for a fundamentally cheap type of surfacing, has nevertheless
proved to be economieal. The increased production with heated aggre-
gate more than offsets the cost of drying. Experienced contractors
bidding on plant mix work consider a dryer as part of the regular equip-
ment, whether specified or not. '

It may be well to mention in passing the fact that mixtures using
fuel oil and cutback asphalt are more difficult.to mix in an average pug
mill mixer than standard asphaltic conerete. It has been the almost
universal experience that plant motors and engines have to be eon-
siderably larger in capacity.

The second, and equally important factor in the produection of satis-
factory plant mix oil surfacing is the control of gradings, particularly
in uniformity in the amount of fine aggregate. Mr. T. C. Powers, of
the Lewis Institute, has expressed an essential requirement, applying
to bituminous work ag well as to portland cement concrete. He says,
in effect, that a wide variety of gradations may be accomodated, but
not wide variation. TIn the past it has been the practice to add filler dust
or fines by dumping them into the pit with the coarse aggregate, or by
similar means which do not ensure uniform distribution. It is probably
safe to say that in the majority of cases, the preliminary investment and
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consumption of energy.is no greater for adding material uniformly than
for adding the same amount of material in & haphazard manner.

It has Jong been recognized in all types of bituminous construction
that fluctuation in the amount of fines is more detrimental than varia-
tion in any other part of the mixture. Experience has demonstrated
that it is essential that fine material or filler dust be added in a controlled
and uniform manner, as it is impossible to maintain a satisfactory oil
content when this portion of the mixture is subject to sudden change.

In the early days of oil mix construction it was the practice to make
field grading analyses by dry sieving; however, it was soon found that
this method does not give the actual amount of fine dust which may be
present and the wash method is now the established procedure.

The amount of dust determined by a wash test may range from a
negligible increase to as much as 10 times the amount obtained by dry
sleving. In the average case the wash test wiil indicate about double
the amount of dry dust passing a 200-mesh.

TABLE VI
Prant Mixing CRUSHED GRAVEL SURFACING
Cast per Ton
Confract A Contract B
Producing Gra.vel.................‘... ................. $0.309 $0.316
Mixing Materials. ..o 0.300 0.278
Overhead.. ... ... i i, 0.036 0.045
Bond and Interest........c.cooiviiir i, 0.036 0.042
Movein, Move OWb.........ovvviiiiin e, 0.050 0.044
$0.731 80.725

Insofar as relative economy is concerned, local conditions must to a
large extent be the deciding factor in determining the relative economy
of plant and road mix construction. The road mix type is, of course,
much the cheaper in first cost when aggregate of suitable quality and
quantity is already present on the road, and where the mileage to be
handled on the particular project is low, say under four miles. With a
larger project, where aggregates must be imported during construetion
of the finished surface, plant mix eonstruction is usually cheaper, and
the results are much more uniform and asgured.!t

In order to compare costs of actual production, the following tabula-
tion has been prepared, based on two plants operating in the desert
regions of southern California. The plants produced an average of 868
tons of mix per 8hour day. Detailed costs are shown in Table VI.

!t For a more detailed discussion see paper by C. 8. Pope, *“Factors Determin-
ing Choice of Road Mix or Plant Mix Respsctively for Low Cost Graded Agpre-
gate Surface,”’ Proceedings Tenth Asphalt Paving Conference, page 29,
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MAINTENANCE

An attempt to compare maintenance costs as an index of pavement
quality is not always a simple matter. These charges are, of course,
affected by the amount and speed of traffic, as well as by local climatie
and subgrade conditions.

A few sections have been selected which represent oil mix surfacing
constructed of both good and poor aggregate. While climatic condi-
tions and {raffic are not uniform, the differences are such as to make the
cost data even more significant than would otherwise be the case.

Route 31, on which the selected sections are located, is the main
route between Southern California and the Boulder Dam region con-
necting San Bernardino with Las Vegas via Barstow. The oldest oil
mix job in the California State Highway System was huilt on this route
in 1926 between Victorville and Barstow in San Bernardino County.'*
This seetion is designated as SBd-31-DEF.

Considering the sections in relative order from the city of San Ber-
nardino eastward, the following brief description may be of interest.

The first section (SBd-31-B) surfaced in 1932, is in the mountainous
region leading to the Cajon Pass, where the annual rainfall is in excess of
20 inches. 'Traffic ranges from 1600 cars on week days to as many as
3000 on holidays, with an average of 120 heavy trucks and busses per

day. Snow falls several ties each year, and there is considerable

recreational traffic during the winter. The surface was plant miked,
and laboratory tests indicate that the material is of good quality,
although somewhat deficient in fine dust. ‘ ‘

The second section (SBd-31-DET), the pioneer project, is about 30
miles east of the Cajon Pass and in a desert region of comparatively
little rainfall. No drainage structures were provided, and water from
the occasional cloudbursts is carried over the road surface. The
resulting deposits of sand and gravel have to be bladed off after a storm,
increasing maintenance costs and wear on the pavement. Heavy
trucks and busses average about 75 per day. This pavement is in
good condition after eight years, and shows no sign of progressive
deterioration.

The third section (SBd-31-H) is east of Yermo and on a new grade
provided with drainage structures. Traffic is much lighter, there being
about 60 trucks and busses per day. The aggregate used was found to
have a considerable affinity for water, as evidenced by a swell in excess
of 0.20 in. (0.03 in. is the limit). The mixture was placed with con-
tained moisture, and the section has given considerable trouble, requir-
ing much patching and sealing to preserve the surface. It appears that
maintenance costs will continue to be undesirably high.

12 For additionsl information on this project, refer to Mr. E. Q. Sullivan’s

paper in ‘Proceedings of the American Society of Civil Engineers,” August,
1930, page 1260.
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The fourth section (SBd-81-L) near Baker is also in the desert, and
traffic is even lighter than on the preceding portions. The aggregate
gave a high swell and the section has been scarified and reworked several
times in order to eliminate unstable conditions due to moisture. There
is an average of about 48 heavy trucks and busses per day.

TABLE VII
MarnTerNaNcE Cost PER MILE (REPAIRS TO PAVEMENT OoNLY)
On Sections Built With Good Quality Agpregate

County, Route and Section...................., SBd-31-DEF | SBd-31-B
Length of Projeet....oovvoiinveenennininn.. .. 37.9 mi. 11 mi.
Width of Pavement............................ 18 Ft. 36 Fe.
Year Constructed..............ovievienn. ..., 1926 1932
Average Traffic, Cars per Day.................. 1000 1800
Year : Maintenanece Charges Per Mile
1927-1928 $51.54
1928-1929 92.46
1929-1930 ‘ 171.387
1930-1931 237.38
1931-1932 124.86
1932-1933 164.39 $137.62
1933-1034 . 286.67 832.24
Total Cost...oooooviin i, $1128.67 $469.86
JAverage cost permile........................ $161.24 $234.93

On Sections Where Mixture Showed High Busceptibility To Moisture (Indicated
by Excessive Swell)

County, Route and Sectiol..................... 8Bd-31-H SBd-31-1.
Length of Project............ ..., 17.8 mi. 13.1 mi.
Width of Pavement............................ 20 f4, 20 ft.
Year Constructed................. e e 1929 1932
Avernge Traffic, Cars per Day.................. 600 500
Year Maintenznce Charges Per Mile
1929-1930 $231.78
1930-1931 406.83
19311932 336.81
1932-1933 ' 335.65 $170.81
1933-1934 335.05 603.84
Total Cosbeeevrerne i iiiiiinnenn.. $1675.12 $774.65
Average cost permile,....................... $335.02 $387.32

The following tabulation on the four sections is given for comparison,
showing length, width, year built and average traffic (all vehicles) for
each section, as well as the maintenance costs per mile for each year
since completion. (See Table VII.)
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These figures indicate that sections using suitable aggregate and
proper construction methods can be maintained for at least $150 per
mile per year cheaper than seetions where poor material is used. The
relative saving is probably much greater when reduced to maintenance
cost per vehicle or per ton of traffic.

Disregarding .the difference in climate and traffic, however, and
assuming an average of 1900 tons of surface mixture per mile of road, it
appears that an additional cost of 50 cents per ton for good-aggregate
over the cost of poor material would be balanced by maintenance
savings in less than six years. At a nominal cost of $2.00 per ton, this
means a justifiable inerease of 25 per cent in construction cost,

SUMMARY

Samples of aggregate, either ledge rock, gravel or talus deposits, are
submitted to the laboratory by the district engineer, with information
as to the type of construetion proposed and the amount of material
available in each deposit represented.

When received at the laboratory, coarse aggregate is crushed, if
necessary, to the size proposed for the work. GCrading analyses are
made. Hardness or abrasion tests are performed on the coarse -aggre-
gate, and a specific gravity determination is made on both fine and
coarse material.

Test specimens for oil mix or cutback treated surfacing are prepared
corresponding as closely a3 possible to the proportions which will be
used in construction. In other words, if the samples received represent
material in place on the road, no change in grading is made, and speci-
mens are prepared using the aggrega’oe as received. If the proposed
work involves plant mix, the materials may be recombined and a satis-
factory grading determined before preparation of the specimens.

After the grading is fixed, surface area equivalents are calculated in
the manner deseribed, and 2 tentative surface factor is gelected from
inspection of the aggregate. As 8 check on the accuracy of the assump-
tion test speeimens are prepared using from 1000 to 1500 grams of the
complete grading, with three different oil contents, one caleulated on
the assumed optimum amount, one using a higher oil line, and one
using a lower line. Three trial specimens are thus prepared for stability
tests, and one extra specimen using the assumed optimum oil content for
the swell test.

The accurately proportioned aggregate and oil is mixed in a mechani-
cal mixer, and placed in a constant temperature oven maintained at
140°F. for 24 hours. The specimens are then compacted using 2 combi~
nation method of tamping and compressing which produces density
gimilar to that obtained in the pavement. Compressed briquettes 4 in.
in diameter and approximately 2% in. high are formed, placed in an oven
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-and brought to a temperature of 140°F., and tested immediately for
relative stability by the Stabilometer method.

If the ariginal assumption as to the oil requirement is correct, Stabilom-
eter results on the three specimens will show a slightly higher value
‘with the optimum oil content than with the greater or less amounts.
It is occasionally neeessary to prepare additiona] specimens, varying
the oil content still further, in order to determine the most satisfactory
amount. In any event, the Stabilometer results are used as g basis for
the laboratory recommendations. Thig recommendation is made in
‘terms of a surface factor (see Fig. 4), and serves as a guide to the resident,
engineer, who may actually use a grading differing from the original
laboratory samples. The surface factor, or “oil line” ig the basis for
caleulations in the fiald. ‘ .

The pat stain test was formerly used as a guide for the field men, but
has been abandoned because of the difficulty in classifying a colorimetric
test of this nature. Several factors, such as moisture and fineness of
the aggregate, have an effect on the stain test, and two individuals
rarely interpret the same stain alike.

The test report furnished to the resident engineer and construction
department gives details of grading, specific gravity, oil ratio, stability
tests, swell of the compacted specimen, and the water-asphalt pref-
erential determination for any filler material provided.

Tensile or cohesion tests have not yet been adopted as a part of
routine procedure.

Materials that fail to meet the minimum stability requirements, or
which show excessive swell, are not approved, except in cases where
entirely suitable aggregate is not available. In such cases, special
recommendations for treatment may be made in order to offset the
poor qualities as far as possible.

Although the procedure outlined is comparatively simple, consider-
able work is involved when g number of alternate sources of supply are
tested and compared, and also when it is desired to determine the best
combinafion from several available sources of supply.

Adoption of these tests has enabled us to avoid most of the unsuitable
aggregate and to make definjte recommendations in advance of con-
struction eliminating the necessity for trial and hit-or-miss methods in
the field,

There are a number of improvements to be made, and several addi-
tional tests and determinations are already visualized which i is hoped
will help greatly in achieving the goal of the laboratory, which should be :
ability to obtain accurate and precise prior information concerning qualiiies
of materials, and to predict behavior in, service,
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