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State Practices in the Use of Bituminous Concrete

W. E. CHASTAIN, SR., Engineer of Physical Research, and
JOHN E. BURKE, Assistant Engineer of Physical Research
Bureau of Research and Planning, Illinois Division of Highways

@ FIFTY highway agencies cooperated in furnishing the information on bituminous con-
crete practice that is presented and summarized in this report. Cooperating agencies
include all of the state highway departments, the District of Columbia Department of
Highways, and the Ontario (Canada) Department of Highways. The contributions of all
of these agencies are gratefully acknowledged.

The information that 1s herein compiled was assembled to serve as a basis upon
which to pattern the construction of the experimental flexible pavement to be tested
during the AASHO Road Test. Two separate questionnaires were sent out to and com-
pleted by the cooperating agencies 1n 1953. The first questionnaire was of a general
nature and the second was much more detailed. Data from the two questionnaires
were tabulated and the tabulations were submitted to all of the cooperating agencies
for checking and for adding information to bring the tabulations up-to-date for 1954.
The practice represented in this report is therefore 1954 practice.

Although the questionnaires were considered to be "bituminous concrete" question-
naires, which would include both tar and asphaltic concrete, they were definitely point-
ed toward asphaltic-concrete usage since there was no question but that asphaltic con-
crete rather than tar concrete would more truly represent national practice and be
used in the Test Road construction. However, much of the information that has been
compiled applies to both types of bituminous concrete.

In preparing the questionnaires 1t was assumed that bituminous concrete as gener-
ally used consists of a mixture of coarse aggregate, fine aggregate, mineral filler and
asphalt cement. Such a material is plant-mixed, laid with a spreading and finishing
machine, and i1mmediately compacted with rollers. With one or two possible excep-
tions, all of the reporting agencies make some use of such a material. However, con-
siderable variation occurs in the number of refinements that are introduced and the
degree of control that is exercised. Practice is tailored generally to meet the indivi-
dual needs of the constructing agencies. For example, a bituminous-concrete mixture
that 1s to be subjected to the heavy traffic and severe moisture conditions of one area
must meet much higher design standards and must be much more vigorously controlled
during the construction process than a mixture that must meet only the moderate traffic
demands and the favorable climatic conditions of another area.

In preparing the questionnaires it was assumed that in all probability the Road Test
pavement, to represent national practice, would consist generally of two layers of bi-
tuminous concrete. The lower layer was referred to as the "binder course" and the
upper layer as the "surface course.” It may have been better not to have used the
term "binder course,” and to have used the terms "first course" and "second course,"
or "lower course'" and "surface course." However, 1t is believed that no essential in-
formation was lost through the use of the term "binder course."” While it was found
that many agencies, even though using multi-course bituminous concrete, do not vary
the mixture composition between courses, many others use a coarser-graded material
and do not require the addition of mineral filler in the lower course or courses.

The questions that were asked in the questionnaires may be placed in two groups,
one dealing with standard specification requirements, and the other dealing with gener-
al practice not outlined in detail in the specifications. This latter group of questions
covered procedures that are not normally covered by specifications such as design
procedures, and principal usage where specifications permit alternate usage or are
sufficiently broad to allow important variations in usage.

For the purpose of the AASHO Road Test, the questionnaires were not intended to
cover all details of bituminous-concrete practice, but were designed rather to obtain
information where some variation in practice was believed to occur. Therefore, the
reader will find that in a few instances the report may seem to underemphasize certain
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important phases of bituminous-concrete construction, and in other instances over-
emphasize less 1mportant phases. However, 1t is believed that the report will prove
particularly useful to engineers already practicing bituminous-concrete construction
in comparing their practices with the practices of others, and in improving their prac-
tices on the basis of the experience of others. With a proper consideration of the
background for the report, the information presented should be of value also to engi-
neers less experienced in the detailed phases of bituminous-concrete design and con-
struction.

BITUMINOUS-CONCRETE MATERIALS
FINE AGGREGATE

While some of the reporting agencies distinguish between and apply separate speci-
fication requirements to the fine aggregate and the coarse aggregate to be used in b1~
tuminous concrete mixtures, others of those reporting apply requirements to only the
total aggregate. For example, in the matter of gradation requirements, of the 50 re-
porting agencies only 20 specify gradation limits for binder-course fine aggregate,
and 22 specify limits for surface-course fine aggregate; only 17 specify gradation
Limits for binder-course coarse aggregate, and 18 specify limits for surface-course
coarse aggregate.

Kinds of Material TABLE l-a

Natural sand is reported as being used - v m “533 ngE TE
as fine aggregate either optionally or ex- ONALL TVEL AGGREG

clusively by all but one of the 50 reporting

highway agencies. Seven report an ex- Kind of Material Number of Agencies
clusive use of natural sand. The single
agency not using sand (Delaware) permits Natural 49

only the use of stone screenings. Thirty-
one agencies report an optional use of Stone screenings 18
stone screenings, and 14 report an op-

tional use of stone sand. Several other Stone sand ik
materials are used less extensively. Natural sand and screenings 1
Table 1-a' lists all of the materials that

were reported as being used as fine ag- Slag screenings 9
gregate 1n bituminous concrete mixtures,

and indicates the number of agencies us- Crushed gravel screenings 8
ing each. Chat 3
Particle Shape Mine tailings 2

Only five agencies report having spec- Volcanic cinders 1

ifications concerning the proportion of an-
gular or rounded particles 1n the fine ag-
gregate. The small number of agencies
reporting such a requirement, and the variability of the answers that were recewved
from them, seem to indicate that this requirement 1s essentially of local sigmficance.
The following descriptions were received from those answering affirmatively to the
question of whether the proportion of rounded or angular particles in the fine aggregate
was controlled: "fine aggregate shall consist of sand or a mixture of a minimum of 50
percent sand and a maximum of 50 percent screenings;' "specify crushed stone
screenings exclusively;" "at least 50 percent passing No. 10 must be natural sand;"
"fine aggregate may be 100 percent glacial sand or mixture of sand and stone screen-
ings—50 percent maximum screenings,” 'not less than 50 percent or 75 percent to
have one fractured face."”

Total agencies reporting 50

'The summary tables included in the text are identified by letters preceded by the num-
ber of the appendix table (Appendix 3) that contains the detailed data that have been
summarized.
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Three agencies not specifying the proportion of angular or rounded particles 1n the
fine aggregate volunteered the information that the fine-aggregate material that usual-
ly is used contains from 30 to 50 percent angular particles.

Deleterious Substances

Substances that the reporting agencies consider deleterious 1n fine aggregate, and
the methods used to prevent the inclusion of what are considered to be harmful quan-
tities, appear to be something of a local or regional matter and undoubtedly depend
largely on experience with the aggregates at hand. Most of the reporting agencies
(40 of 50) consider that their specifications recognize specifically at least one type of
deleterious material. Of the 10 that do not, several report that they believe their
other requirements, such as those pertaining to soundness, automatically limit the
quantity of deleterious material that can be included in the fine aggregate. Others,
though not volunteering the information, are undoubtedly of the same opinion.

TABLE 1-b
LIMITATION OF DELETERIOUS MATERIALS IN FINE AGGREGATE
Number of Agencies Range of
Material Specifi? y owing Having Percentage
Limiting No Percentage Limitations
Material Amount Limitation (>0)

Clay, loam 20 11 5 0.25-15
Organic, vegetable,

roots, etc. 14 11 3 0.1-1
Clay lumps 14 5 8 0.2-1
Shale 9 1 5 0.5-2%/
Finer than No. 200

sieve; or decanted 8 0 8 1-12
Soft 6 1 3 3-5
Coal, lignite 6 0 b 0.5-1
Cemented 2 1 1 1
Other (mica, alkali, shells, 2/ 3

cinders, salt, elongated) 5 1 0.5-1
Undifferentiated 14 11 1 3
No specific limitation 10 agencies
Total reporting 20 agencies

One state allows up to 12 percent shale in total mixture.

One state requires freedom from mica and salt.

R

One state allows up to 0.5 percent cinders and clinkers, and up to
1l percent mica and alkali; one state allows up to 1 percent mica.




TABLE l-c

SOUNDNESS REQUIREMENTS FOR FINE AGGREGATE

1
l

Test Max. Alloweable Runiber
Cycles Weight Loss of Remarks
AASH ‘tandard
( 0 Stan ) (percent) Agencies
Sodium sulfate 5 10 T
5 12 3
5 15 2
5 8 1
10 T 1 Stone for smi 1-/
10 8 1 Netural sand 2/
Magnesium sulfate 5 12 1
5 1 1,
5 8 1 y
10 1z 1 Stone for sand
10 22 1 Netural sand 1/
Freeze-thaw 15 8 1 y |
16 25 1 Test of parent material
Non-standard freeze-thew 1
Not specified 30

Total agencies

\n
(=]

_]J One agency reports four separate requirements

g/ One agency reports two separate requirements

Table 1-b shows the various substances that are considered deleterious by the re-
porting agencies, the number of agencies that consider each as being deleterious, and
the amounts of these materials that are allowed in the fine aggregate. Heading the
list of materials most frequently mentioned as being deleterious are clay and loam,
followed by organic materials, clay lumps, minus No. 200 or decanted, soft particles,
coal and hignite, and others to a lesser extent.

Twenty of the reporting agencies place a percentage limitation on at least one speci-
fically mentioned deleterious substance. Sixteen agencies permit the inclusion of no
material that they consider to be deleterious. Two agencies place a percentage limi-
tation on the total amount of deleterious material that may be contained in fine aggre-
gate, without applying a specific limitation to any single substance. One agency states
that the fine aggregate shall be free of an "injurious quantity of deleterious material,"”
and another states that the quantity shall be "negligible."

Four agencies placing percentage limitations on more than one type of deleterious
material place a limitation on the total that 1s less than the sum of the percentages for
the individual types. The range of percentage limitations of this nature on the total
material varies from 1. 25 to 5 percent. Two agencies list more than one material as
being considered deleterious, but place a percentage limitation only on the total (2 and
3 percent). Two other agencies place percentage limitations on only a portion of the
individual materials that they list as being deleterious, but also place a percentage
limitation (both use 5 percent) on the total.

A check of the specifications of many of the agencies hmiting the quantity of "clay"
and "loam" in fine aggregate indicates that few actually define these materials. It1is
suspected that the term "clay" usually refers to material that can be decanted, or that
passes the No. 200 sieve; and that "loam" refers to topsoil of perhaps similar particle
size.

Soundness

As shown in Table 1-c, 20 agencies report having soundness requirements in their
specifications for fine aggregate for bituminous-concrete construction. Thirteen base
their requirements on the sodium sulfate test, and one uses the sodium sulfate test in
combination with the magnesium sulfate test. Three use the magnesium sulfate test
exclusively, one uses the magnesium sulfate test in combination with the freeze-thaw
test, and as previously mentioned, one uses the sodium sulfate test and magnesium
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sulfate test in combination. One agency bases 1its requirement on a freeze-thaw of the
fine-aggregate parent material, and one has its own version of the freeze-thaw test.

For those agencies basing their requirements on the sodium sulfate test, at 5 cycles
of testing, 7 permit up to 10 percent loss of weight, 3 permit 12 percent loss, 2 per-
mit 15 percent, and one permits 8 percent. The three agencies reporting requirements
based on the magnesium sulfate test, at 5 cycles of testing, permit 8, 12 and 16 per-
cent weight loss respectively.

Gradation

Twenty agencies report having gradation specifications for fine aggregate for use in
binder-course mixtures. Twenty-two agencies have such specifications for fine aggre-
gate for surface-course mixtures. All 20 of the agencies specifying gradation re-
quirements for binder-course mixtures are among the 22 specifying fine-aggregate
gradations for surface-course mixtures. Eleven of the agencies use the same fine-
aggregate gradation requirements for both binder and surface mixtures.

Seven of the 20 agencies reporting gradation specifications for fine aggregate for
binder-course mixtures specify percentages of material by weight passing one sieve
and retained on the next. Eleven of the remainder specify percentages by weight pass-
ing a series of sieves, and two specify percentages retained. Ten agencies use the
passing-and-retained basis for fine aggregate for surface-course mixtures, while 10
of the remainder specify percentages passing. Two specify percentages retained.

Not all agencies use the same separating size between fine and coarse aggregates.
If it is assumed that some agencies permit as much as 10 percent oversize material
to be retained on what is considered to be the nominal maximum-size sieve, (and an
inspection of the data indicates that this assumption is not unreasonable, as explained
later in the paper) the distribution of agencies according to nominal maximum size of
fine aggregate is as follows:

Number of Agencies

Nominal Maximum Binder-Course Surface-Course
Sieve Size Fine Aggregate Fine Aggregate
No. 4 11 11
No. 10 6 7
No. 8 2 3
% in. 1 1
Total agencies 20 22

In order to compare the fine-aggregate gradation requirements of the reporting
agencies, it was necessary that these requirements be placed on a uniform basis. The
"percentage passing" basis was chosen for this particular presentation because of the
ease with which the limits may be plotted for visualizing the nature of the aggregate
meeting the specified requirements. A method reported in Public Roads, Volume 27,
No. 7, April 1953, was used to convert "'passing and retained" requirements to "per-
centage passing." Conversion of "percentage retained" to "percentage passing" is a
common procedure of a simple nature.

After the conversion of all gradation requirements to a "percentage passing” basis,
the envelope describing the upper and lower percentage limits for the various sieve
combinations for each of the agencies was drawn on semi-logarithmic cross-section
paper with the percentage scale on the vertical axis and the sieve sizes on the logarith-
mic horizontal axis. Straight lines were drawn to connect the percentage limits for
the sieves in the series used by each of the agencies.

Using the envelopes that were prepared to describe the sieve-size limits of the re-
porting agencies, the limiting values for individual sieves were investigated. Limiting
values for only the more commonly used sieves were considered in this investigation.
For the agencies not having specifications based on the particular sieves chosen for
study, the gradation limits that would be likely to apply were estimated from the enve-
lope curves that had been constructed from the sieve data furnished by these agencies.
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For each sieve, curves of frequency of acceptance were prepared 1n the same manner
as that employed 1n examining mixture gradations, as described later.
From the frequency-of-acceptance curves were determined the usage envelopes of
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of the reporting agencies; and (3) limits acceptable to less than 20 percent of the re-
porting agencies. One set of envelopes was prepared for all agencies, another set for
those reporting the No. 4 sieve size as the nominal maximum size for fine aggregate,
and another set for the agencies reporting the No. 10 sieve size as the nominal maxi-
mum size for fine aggregate. As would be expected, the envelopes show a much bet-
ter agreement among agencies when the maximum size of material 1s taken into con-
sideration.

The percentage-of-agencies separations of over 40 percent, 20 to 40 percent, and
less than 20 percent were chosen arbitrarily after a visual inspection of the data indi-
cated that such a grouping would present observable separations. This same grouping
has been used also for the analysis of coarse-aggregate gradations and for the analysis
of total-mixture gradations. l

TABLE 2-a

COARSE AGGREGATE MATERIALS USED EITHER
OPTIONALLY OR EXCLUSIVELY AS COARSE AGGREGATE
Kinds of Material

All but one of the 50 agencies replying  Kind of Material Number of Agencies
to the questionnaires report that crushed \
stone is used to at least some extent as ]

coarse aggregate for bituminous-concrete  ...veq stone k9

mixtures. Crushed gravel 1s used by 39

agencies, and crushed slag, uncrushed Crushed gravel 39

gravel, and other materials to a lesser ‘

extent. A complete tabulation of usage 1s Crushed slag 18 |

shown 1n Table 2-a. Gravel b |
With reference to crushed and un-

crushed material, 21 agencies indicate Mine chats 3

that they require all coarse aggregate to

be crushed or fractured; 17 agencies Volcanic cinders 2

permit part of the coarse aggregate to be Crushed boulders 1

uncrushed; and 12 agencies permit all of

the coarse aggregate contained in the Lava 1

mlxtu?e to be uncrushed. _For the 17 Potal agencies 50

agencies permitting a portion of the coarse

aggregate to be uncrushed, specified per- PAELE 2-b

centage limitations are as shown 1n Table
2-b PERCENTAGE LIMITATIONS ON UNCRUSHED
) COARSE AGGREGATE PARTICLES

Wear Requirements Maximum Percent of Uncrushed Number
Particles Permitted in of
Wear requirements for coarse aggre- Coarse Aggregate _Agencies
gates used 1n bituminous-concrete mix-
tures are specified by 48 of the 50 re- 25

3
porting agencies. Forty-two of these

base their requirements on the Los An- 30 2
geles Abrasion Test, and the remaining Lo 3
s1x use the Deval Abrasion Test. Speci-

fied maximum percentages of loss by the %0 6
Los Angeles method (500 revolutions) & 1
range between 30 and 60. Nineteen agen-

cies specify a maximum percentage 10ss 40 (vased on total sggregste) 1
of 40, 7 specify a maximum percentage 50 (based on total aggregate) 1
loss of 35, and no more than 4 agencies

specify any one other percentage value. Total agencies 17

A complete summary tabulation of the -
wear requirements for those agencies using the Los Angeles method of test appears
1n Table 2-c.

For the s1x agencies basing wear requirements on the Deval method of test, maxi-
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TABLE 2-c mum allowable percentage loss values
WEAR REQUIREMENTS FOR COARSE ranged from 3.5 to 7 for stone, and be-
AGGREGATE BASED ON LOS ANGELES METHOD OF TEST  tween 15 and 16 for gravel.
Maximum Percent Number of
Loss Allowed Agencies Soundness
Twenty-four agencies report having a
60 2 soundness requirement in their specifica-
55 1 tions concerning coarse aggregate for bi-
tuminous concrete. As will be seen from
50 b Table 2-d, most of these report basing
their requirements on the AASHO stand-
48 1 ard sodium sulfate or magnesium sulfate
45 4 tests. Three use the standard freeze-thaw

test, one of these in combination with the
Lo 19 sodium sulfate test and another 1n combi-
nation with the magnesium sulfate test.
37 1 R
Two agencies report using a non-standard
35 T freeze-thaw test. Twenty-one agencies
report that they do not have a specific
32 1 soundness requirement for the coarse ag-
30 2 gregate, and five agencies did not reply
to the question or furnished an imcom-
Total agencies -] plete reply.
For those agencies basing their re-
quirements on the sodium sulfate test, at five cycles of testing, 8 agencies permit a
weight loss of up to 12 percent, 3 allow a loss of up to 15 percent, 2 allow up to 10
percent, one allows up to 8 percent, and one allows up to 20 percent. For the agen-

cies using the magnesium sulfate test, at five cycles of testing, 4 allow a loss up to
12 percent, and one allows up to an 8 percent loss.

Deleterious Substances

As was the case with fine aggregate, the substances that are mentioned in specifi-
cations as being deleterious in coarse aggregate, and the limitations that are placed
thereon are generally a matter of experience with the aggregates at hand.

Forty agencies report specific references to deleterious materials 1n their specifi-
cations. Nine other agencies report that they have no requirement referring directly
to deleterious materials. However, some of these voluntarily stated that they believe
other properties that are specified automatically limit the amount of harmful material
that can be contained 1n the coarse aggregate. Undoubtedly others are of the same
opinion.

Table 2-e summarizes information concernming the substances that are most fre-
quently regarded as being deleterious in coarse aggregate, and indicates the range of
percentage limitations that are placed on them. Organic materials, fine materials in-
cluding clay and loam, clay lumps, soft particles, coal, lignite, shale, and elongated
Pieces are among the materials which are most frequently limited.

Twenty-two of the 37 agencies that refer specifically to one or more of the various
deleterious materials (most of which are listed in Table 2-¢) place a percentage limi-
tation on at least one of them. Fourteen agencies permit no amount of material that
they consider to be deleterious. Two agencies have a percentage limitation on total
deleterious material without specifically limiting individual kinds, one agency states
that the coarse aggregate shall be free of an "injurious quantity of deleterious materi-
al,'" another states that ""the quantity shall be negligible," and another bases its limita-
tions on total aggregate.

Gradation

Insofar as gradation is concerned, the term "coarse aggregate" as applied herein
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TABLE 2-d
SOUNDNESS REQUIREMENTS FOR COARSE AGGREGATE
Maximum Allowable Number
Test Cycles Weight Loss of
(AASHO Standard) (percent) Agencies
Sodium sulfate 5 12 81
5 15 3J
5 10 2
5 8 1
p] 20 1
10 T l-zj
Magnesium sulfate 5 12 43
; : 12/
10 12
Freeze-thaw 16 10 1,
50 15 l—/
15 8 3
Non-standard freeze-thaw 2
Not specified 21
No reply or incomplete reply 5
Total agencies 50

g_./ Sodium sulfate and freeze-thaw alternate combination, one agency.
y Sodium sulfate and magnesium sulfate alternate ccmbination, one agency.

y Magnesium sulfate and freeze-thaw alternate combination, one agency.

denotes the coarsest of a combination of two or more aggregates used to form the to-
tal aggregate portion of the bituminous concrete mixture. Two agencies reported their
total aggregate gradation under coarse aggregate, but 1n the interest of uniformity,
their reported gradations have been tabulated only as total aggregate. For the agen-
cies listing separate gradation requirements for coarse and fine aggregates, the No.

4, No. 8 and No. 10 sieves are most frequently considered to be the separating sieves
between the two s1zes.

Seventeen of the 50 reporting agencies include gradation limits 1n their specifica-
tions for the coarse aggregate that 1s used in binder-course mixtures. Two of the 50
reporting agencies state that a binder course 1s not used, and the remainder report
that they do not specify gradation limits for coarse aggregate. Eighteen agencies, in-
cluding all of the 17 that specify gradation limits for binder-course coarse aggregate,
specify gradation limits for surface-course coarse aggregate. Four of the 17 agencies
specifying gradation limits for both binder- and surface-course coarse aggregates
specify the same limits for both. The others specify generally coarser materials for
use in the binder course.
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TABLE 2-e
LIMITATION OF DELETERIOUS MATERIALS IN COARSE AGGREGATE
~Number of Agencies Range of
. Specifically Allowing Having Percentage
Material Limiting No Percentage Limi tations
Material Amount  Limitation (>0)
Organic, vegetable,
roots, etc. 11 7 L 0.03-1
Clay, loam 13 9 2 1
Clay lumps 18 3 15 0.05-2
Finer than No. 200
sieve; or decanted 13 o 1 0.05-4
Soft 16 1 13 2-10
Coal, lignite 9 o] 8 0.25-1
Shale 16 1 11 0.5-12y
Elongated 10 5 k 2-15
Other (cinders, shells,
schist, etc. T
Undifferentiated 1k 8 2 2-5
No specific limitation 9 agencies
Total reporting 48 agencies
1/ 12 percent of total mixture
All but three of the agencies specifying
coarse-aggregate gradation limits specify CABLE 2o

percentages by weight passing a series of
sieves. The remaining three specify per-
centages retained.

Assuming that some agencies permit
as much as 10 percent oversize material
to be retained on what 1s considered to be
the nominal maximum-size sieve, the
distribution of agencies according to spec-
1fied nominal maximum size of coarse ag-
gregate 1s as shown 1n Table 2-f. It will
be seen from the table that, on this basis,
the nominal maximum size of coarse ag-
gregate most frequently specified for
binder-course mixtures are the 1-in.
size (7 agencies), and the %-in. s1ze (6
agencies). For surface-course mixtures,

NOMINAL MAXIMUM SIZE OF COARSE AGGREGATE SPECIFIED

ber of %ﬁ.es
Binder-Course face-Course

Nominal Meximum

S%zce hg:;e Coarse Aggregate Coarse Aggregate
11/2 1
11/h 1
1 T 1 i
7/8 1
3/4 6 3
5/8 1 3
1/2 10
3/8 1
Total agencies 17 18
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Figure 4. General acceptability with respect to gradation of coarse
aggregate for surface-course mixtures.

manner as that previously described for the fine aggregate. Frequency-of-acceptance
curves were also prepared in the same manner as that previously described. The us-
age envelopes that were then developed are shown in Figure 3 for binder-course coarse
aggregate and 1n Figure 4 for surface-course coarse aggregate. The separation of
agencies into groups of less than 20 percent accepting, 20 to 40 percent accepting,

and over 40 percent accepting is that which was also used for the fine aggregates and
has been discussed previously.

For binder-course coarse aggregate, usage envelopes were prepared for the entire
group of reporting agencies, for the agencies indicating a nominal maximum sizé of 1
. for coarse aggregate, and for the agencies indicating a coarse-aggregate nominal
maximum size of /4 in. (Fig. 3). For the surface-course coarse aggregate, usage en-
velopes were prepared for all of the agencies grouped together, and for the group of
agencies wndicating the use of a nominal maximum size of % in. for coarse aggregate
(see Figure 4). It will be seen from the usage envelopes that there is a reasonably
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good agreement among agencies 1n the matter of gradation of the coarse aggregates.
The agreement is particularly good when the nominal maximum size of coarse aggre-
gate is taken into consideration.

Other Requirements

A few agencies listed requirements in addition to those concerning which informa-
tion was specifically sought. Some of the requirements upon which information was
volunteered appear to apply more directly to total aggregate rather than to coarse ag-
gregate alone. The diversity of these miscellaneous requirements 15 so great as to
render summarization impractical. They are listed individually in Appendix Table 2.

MINERAL FILLER
Kinds of Material

Forty-four of the 50 reporting agencies list one or more specific materials that
their specifications permit for use as mineral filler. Though not stated specifically,
the mineral-filler requirements listed by four additional agencies indicate that their
filler would be soil fines or the fine fraction usually present in their granular mix-
tures. Two agencies state that they require no mineral filler.

The filler materials that are most frequently specified, and the number of agencies
specifying them, are listed in Table 3-a. It will be noted that limestone dust and port-
land cement are the most frequently specified of the mineral-filler materials, followed
by mineral dust, stone dust and "inert mineral matter."” Seven of the agencies listing
mineral dust or stone dust do not list limestone dust, so it may be presumed that their
more general terms of "stone dust’ and "mineral dust" would not preclude the use of
limestone dust.

Other materials specifically mentioned by more than one agency as receiving use
as mineral filler include hydrated Iime, flyash, natural soil, basalt rock dust and
shell dust. No more than four agencies mention any one of these materials.

Gradation

Forty-three of the 50 agencies report specifying gradation limitations for the min-
eral filler. Fourteen of these have requirements 1dentical to those listed 1n AASHO
Specification M 17-42. One of the 14 has additional requirements 1n the subsieve area
as well. The gradation requirements of AASHO Specification M 17-42 are as follows:

Passing No. 30 sieve 100 percent

Total passing No. 80 sieve,
not less than 95 percent TABLE 3-a

Total passing No. 200 sieve, MATERIALS SPECIFIED FOR USE AS MINERAL FILLER
not less than 65 percent
The gradation specifications of all but Material Number of Agencies

four of the remaining 29 agencies define
material generally similar to that defined

by the AASHO specification. The most Limestone dust 3%
frequent variations from the standard
specifications lie at the No. 80 and No. Portland cement 37

200 sieves. Twenty-two of these latter

agencies have either eliminated the re- Mineral dust n

quirements at the No. 80 sieve or have Stone dust 10

changed the requirements in such a way

as to permit a somewhat greater amount  Inert mineral matter 10
ater about 5 nt -

of material (abo percent) to be re other 12

tained on this sieve. Thirteen agencies
have reduced the allowable amount to be
retained on the No. 200 sieve by raising Total agencies Ly
the lower limit on this sieve from 2 to 15
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percentage points above the AASHO specification of not less than 65 percent required

to pass the No. 200 sieve.

Seven agencies, including one with the M 17-42 gradation requirement, have placed
Limitations on s1ze fractions finer than the No. 200 sieve, including both sieve and sub-

sleve sizes.

Other Requirements

Only a few specified requirements in addition to those concerning the kind and gra-
dation of material to be used as mineral filler were mentioned by the reporting agen-
cies. A few (4) mention requirements dealing with the plasticity of the material, par-
ticularly where natural soil or the aggregate fines are considered as mineral filler.
One agency specifies that the filler be non-plastic and non-hydrophilic.

ASPHALT CEMENT

All of the reporting agencies indicate that the asphalt cements (prepared from pe-
troleum) used 1n their bituminous-concrete mixtures are controlled almost entirely

through the use of standard AASHO tests.

The specification requirements covering

the asphalt cements are also very similar or 1dentical to those of the AASHO standard

specifications (Designation: M 20-42),

TABLE 4-a

PENETRATION GRADES OF ASPHALT CEMENT
REPORTED SPECIFIED FOR BITUMINOUS-CONCRETE MIXTURES

Penetration Grade Rumber of
or Grades Agencies

61-70

60-70, T0-85

60-70; 70-85; 85-100
60-70; 85-100

60-70, 85-100, 100-120
70-85

70-80, 85-100

T0-85; 85-100

T1-80, 85-100, 150-200
85-100

85-100, 100-120
85-120

85-100; 100-120, 120-150
85-100; 121-150
100-120; 120-150
120-150

120-150, 150-200

...H.\,Qppppmthwmwwrwwp

150-200

Total agencies 50

1/ Includes two agencles reporting 86-100 penetration

2/ Includes one agency reporting 121-150 penetration

Penetration Grades

The AASHO penetration grade, or the
various combination of AASHO grades,
reported as specified for asphalt cement
for bituminous-concrete mixtures are
shown in Table 4-a. The data are further
summarized in Table 4-b.

Referring to Table 4-a, it will be noted
that for the agencies reporting usage of a
single penetration grade, far more use
the 85-100 grade than any other single
grade. Twenty-~three agencies report the
85-100 penetration as the grade they use,
while no more than three agencies indi~
cate that usage 1s confined to any other
single penetration grade. The lowest

TABLE L-b

SUMMARY OF USE OF PENETRATION GRADES OF
ASPHALT CEMENT IN BITUMINOUS-CONCRETE MIXTURES

Penetration Number of
Grade Agencies

60-70 (or 61-70)
70-80 (or T1-80)
70-85

85-100 (or 86-100)
100-120

120-150 (or 121-150)

150200

w oxoxgonw [o2]

Total Agencies 50
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grade reported used was 60-70 penetration, and the highest was 150-200 penetration. |

Of the 20 agencies that consider their use of more than one penetration grade of as-
phalt to be sufficient to justify mention, 12 indicate that the grade selected for use 1s
based on the anticipated traffic. Traffic was usually described as light and heavy, or
light, medium and heavy. The lower penetration grades are reported to be used when
traffic is expected to be heavy. Only one agency provided information in the form of
definite traffic figures that determine the penetration grade to be used. This particu-
lar agency uses 70-80 penetration-grade asphalt cement where over 5,000 vehicles
per day are expected, and 85-100 penetration where a lesser volume is expected.

Considering the number of agencies giving at least some usage to the various pene-
tration grades, it will be seen from the summary of Table 4.p that more agencies
make at least some use of 85-100 penetration-grade asphalt cement than of all the
other grades combined.

Total Bitumen

Thirty-three of the 50 reporting agencies require a total bitumen content (soluble
in carbon disulfide) for asphalt cement of not less than 99. 5 percent. This is the
AASHO standard requirement. Four agencies have a total bitumen requirement of
99. 0 percent by this test, and 13 have no requirement based on thistest. All of the
latter group have a requirement based on the test for the proportion of bitumen soluble
in carbon tetrachloride.

Bitumen Soluble in Carbon Tetrachloride

Only 20 ot the 50 reporting agencies have a requirement based on the AASHO stand-
ard test for the proportion of bitumen soluble in carbon tetrachloride. As previously
stated, 13 of these do not have a requirement based on the standard test for total bitu-
men (soluble in carbon disulfide). Of the 20 using the carbon tetrachloride procedure,
10 require a proportion of bitumen soluble in carbon tetrachloride of not less than 99.0
percent (the AASHO standard), 9 require the proportion to be not less than 99, 5 per-
cent, and one agency has a requirement of not less than 99. 65 percent.

Ductility

The AASHO standard specifications for ductility for asphalt cement require a duc-
tility by the standard test of not less than 100 cm for grades 85-100 and higher, and of
not less than the numerical value of the penetration for grades of 70-85 and lower.

All of the reporting agencies have ductility requirements based on the standard test.
Of the 45 agencies listing requirements for penetration grades of asphalt of 85-100 and
higher, all but two use the standard ductility requirement of not less than 100 cm.

One of the latter two has a requirement of not less than 60 cm (for 85-120 penetration),
and the other has a requirement of not less than 90 cm (for 85-100 penetration). Of
the 14 agencies listing ductility require-

ments for penetration grades of 70-85 and ABLE boc

lower, 11 show a required ductility of not FLASH POINT SPECIFIED FOR ASPHALT CEMENT

less than 100 cm, only two require the

Rumber of

ductility that is specified by the AASHO Aaeasies ¥
standard, and one requires a ductility of
not less than 70 for 61-70 penetration. el Rl i 2
Not less than 350°F. 2 |
_Fl_a'__—Sh Point Not less than 400°F. 5 “
Twenty-four of the 50 reporting agen- ot less tan k25%. 3 {
cies require a flash point of not less than ot 1ess than 450%. 15

347 F, as required by the AASHO stand- Oters (ganging tvom 3nr.
are specifications. The remaining 26 to 0

agencies specify higher flash points. Total agencies s 4
Deviations from the standard AASHO re- |
quirements were in some instances of Y/ Three agencies vary flash point according to penetretion grade:




TABLE U4-d
REQUIREMENTS FOR

PENETRATION OF RESIDUE FROM EVAPORATION
LOSS COMPARED TO PENETRATION BEFORE HEATING

17

Penetration
Grade

Penetration Relation-

ship (not less
percent)

t£7n,

Number
of

Agencies

Standard
Reguirement

60-T0 (or 61-T0)

70-80

T0-85

85-100 (or 86-100)

100-120

120-150 (or 121-150)

' 150-200

- Total agencies

>
;
l
'

T0
1
80

60
65

60
70
1>

50
60
65
70
I&
80

80.25

60
65
70
I&
80.25

60
65
10
80.25

65

[

P FRORDF FHEFEED FRNOOEFED WEH HE HFWR

Not less than
T5 percent

Not less than
65 percent

k9

_]J Penetration of residue from evaporation loss compared to penetration

before heating.

considerable magmtude.

Fifteen agencies specify a flash point of not less than 450 F,
and the requirements of one agency go as high as 500 F. A complete summary of gen-
eral flash-point usage appears in Table 4-c.

Among the 40 agencies reporting the use of 85-100 penetration grade asphalt ce-
ment, 19 reported a flash-point requirement of not less than 347 F, and 12 report a
requirement of not less than 450 F for this particular grade.
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Loss on Heating

Forty-two of the 50 reporting agencies specify the AASHO standard loss-on-heating
requirement of not more than 1.0 percent. One of these agencies specifies this re-
quirement for 85-100 penetration grade, and specifies a loss of not more than 2. 0 per-
cent for 121-150 penetration-grade asphalt. Three other agencies specify a loss on
heating of not more than 2. 0 percent, two specify not more than 0. 75 percent, and one
each specify the loss on heating to be not more than 0.2, 0.5, and 3. 0 percent.

Penetration of Residue

The AASHO standard specifications require that the penetration of residue from
evaporation loss, compared to penetration before heating, be not less than 65 percent
for grades of 85-100 and higher, and not less than 75 percent for grades of 70-85 and
lower (using standard tests). While all but one of the reporting agencies report a
specification concerning the penetration loss, the permissible values vary consider-
ably, and departures from the AASHO standard are frequent. This will be seen from
an inspection of Table 4-d where the information received concerning the requirement
is summarized. Six of 16 reported requirements for penetration grades of 70-85 and
lower are the AASHO standard requirement. Nineteen of 52 reported requirements
for penetration grades of 85-100 and higher are the standard requirement. For agen-
cies using requirements other than standard, the trend appears to be toward lower-
than-standard percentage values where standard minimum is 75 percent, and toward
higher-than-standard percentage values where standard minimum is 65 percent.

Spot Test

The use of the spot test 1s listed as optional in the AASHO standard specifications
(M 20-42) for asphalt cement. When specifications based on the spot test are to be 1n-
cluded, the standard specifications require that the type of solvent to be used be stated
(standard naphtha, naphtha xylene, or heptane xylene), and for the xylene solvents,
the percent of xylene to be used. A negative spot condition is required under all three
conditions of testing.

Thirty-six of the 49 agencies that answered the questions regarding the spot test
requirements indicate that a requirement based on one of the three tests and following
AASHO standard requirements is included in their specifications. Reported usage of
the spot test is shown in Table 4-e. It will be noted from the table that specifications

TABLE UY-e

ASPHALT CEMENT REQUIREMENTS BASED
ON THE STANDARD SPOT TEST

. Percent Nurber
Test Requirement Xylene of Agencies

Stendard naphtha Negative 25
Naphtha xylene Negative 10 2
Naphtha xylene Negative 15

Heptane xylene Negative 35 6
No requirement specified 13
Not reported 1

Total agencies 50




19
TABLE U4-f

SPECIFIED REQUIREMENTS BASED ON TESTS OF
ASPHALT RECOVERED FROM BITUMINOUS CONCRETE MIXTURES

Agency
. A B c D
Asphalt recovered by: ASTM ASTM Abson
D 762-Mr D 762-49  Method 1/
Penetration, percent of original 2
not less than 50 65 503J, 65
Ductility, cm., not less than ll-oy 60y soJ lOOy
Ash, percent, less than 1.0
Flash point, °F., not less than koo
Loss on heating, percent, not more
than 1.0
Penetration of residue from evapor-
ation loss, compared to penetration
before heating, percent, not less than 65
Total bitumen (soluble in carbon disulfide),
percent, not less than 99.0
Spot test, naptha xylene solvent, 15 percent
Xylene Neg.

Extraction by method of AASHO T 58-30
For penetration grade 75-100
For penetration grades 40-T5

Ductility of original asphalt required to be not less than 100 cm.

kg

are based much more frequently on the standard naphtha solvent than on the other two
solvents.

Specific Gravity

Seven agencies report a specification requirement concerning a minimum specific
gravity for asphalt cement. All but one of the other agencies answering the question
concerning specific gravity (42 agencies) report having no requirement. The one addi-
tional agency with a requrement concerning specific gravity requires that there be no
variations greater than plus or minus 0. 02,

For the seven agencies that have a minimum specific-gravity requirement, four
require that the specific gravity of the asphalt cement be at least 1.01. One of these
agencies limits the 1. 01 minimum to 85-100 penetration-grade asphalt, and reduces
the minimum to 1. 00 for 60-70 penetration-grade asphalt. One other agency has a
minimum specific gravity requirement of 1. 01 (85-100 penetration), another has a
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minimum requirement of 1. 004, (85-100 penetration) and another requires that the
specific gravity lie between 1. 00 and 1. 04 (85-120 penetration).

An inquiry was made as to the specific gravity of the asphalt cement normally used.
Forty-five of the agencies replied to this inquiry. However, the manner in which the
question was worded brought a variety of answers that were not subject to precise
summarization. Generally speaking, the rephes appear to indicate that most of the
asphalts being used have specific gravities between 1. 00 and 1. 03. A specific gravity
of about 1. 02 appears to be an approximate central value. Only two or three agencies
indicate that their specific gravities fall below 1. 00 ( a low of 0. 98 was reported), and
only nine agencies report values higher than 1. 03 (with a top of 1. 05).

Recovered Asphalt

Four agencies report that they have set up specification requirements based on
tests of asphaits recovered from bituminous-concrete mixtures. Two of these agen-
cies indicate that the asphalt is recovered by the Modified Abson Method of ASTM D
762 (one stated, D 762-49, and the other D 762-47T), and one agency simply reports
using the "Abson Method." The fourth agency indicates that extraction is made by the
method of AASHO T 58-30, but does not indicate the method of recovery.

The tests that are conducted on the recovered asphalt, and the specified limiting
values placed on the characteristics measured by the four agencies, are shown in
Table 4-f. It appears that the most important of the tests are the penetration and duc-
tility tests. For the four agencies reporting, the penetration of the recovered asphalt
is not permitted to be less than from 50 to 65 percent of the penetration of the asphalt
as originally tested. Three of the agencies indicate that they will permit the ductility
tofalltofrom 40to 60 cm (the ductility requirement for the original material being not
less than 100 cm). The fourth agency requires the ductility value to be not less than
100 cm both before and after recovery.

The questions that were asked regarding the general practice in recovering and
testing recovered asphalt were unfortunately not well worded, and the tabulations may
not entirely reflect actual practice. For example, 1t was asked: "Do you regularly
measure the characteristics of recovered asphalt from bituminous mixture samples?"
Seven agencies replied affirmatively, and ten, though indicating that they did not test
recovered asphalt regularly, volunteered the information that they did do a limited
amount of testing. Thirty-one agencies replied negatively to the question, but volun-
teered no information as to whether a limited amount of testing is done. It 1s sus-
pected that there are among the 31 several that do a limited amount of testing of the
characteristics of recovered asphalt.

The question concerning the method used to extract and recover the asphalt from
bituminous-concrete mixtures was apparently equally confusing. Eighteen agencies
referred to ASTM Designation D 762, four referred to ASTM Designation D 1097 (two
of these referring to D 762 also), and 15 referred to AASHO Designation T 58 (with
four of these stating that the test was used for extraction only). Other methods men-
tioned, none by more than one or two agencies, were the Abson, the Oliensis, the
Bessow, and modifications of ASTM D 762 and AASHO T 58. It appears from the an-
swers that some of the agencies, though not so stating, intended their answers to refer
only to extraction methods.

Other Specification Requirements

A few agencies volunteered information on asphalt-cement requirements in addition
to those previously discussed. Several mentioned the requirement contained in the
AASHO standard specifications to the effect that the asphalt shall be free of foam when
heated to 347 F. Others undoubtedly have the same requirement but did not furnish
the information since no specific question was asked concerning this requirement.

Five agencies reported a softening point requirement. One agency reported a require-
ment that the ductility at 39, 2 F shall not be less than 10 percent of the penetration,
and another reported a requirement that the ductility at 39. 2 F shall not be less than
30 percent of the penetration value.
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In answer to the question of whether the thin-film oven test was required by speci-
fication, all agencies answered in the negative.

COMPOSITION OF BITUMINOUS-CONCRETE MIXTURES

All of the agencies that replied to the questionnaires (50) indicate that they use
mixtures of a composition that they term "bituminous concrete." One agency reports
that it confines its use of bituminous concrete to the surface course only. Three agen-
cies indicate that their composition limits for binder-course and surface-course mix-
tures are the same. There appears to be reasonable agreement among agencies as to
the sort 6f a mixture that should be termed "bituminous concrete.”" In general, the
prescribed gradation limits provide for a mineral aggregate that is continuously graded
from coarse to fine. All of the agencies use asphalt cement, though of various pene-
trations, as the binding medium. The reported asphalt-cement contents of the mix-
tures do not differ widely.

Gradation of Mineral Aggregate

Specifications outlining the general limits of particle-size distribution are expressed
in one of three forms: (1) maximum and minimum percents by weight of material to
pass each of a given series of sieves; (2) maximum and minimum percents by weight
of material to be retained on each of a given series of sieves; and (3) maximum and
minimum percents by weight of material to pass each and to be retained on the next
finer of a series of sieves. For binder-course material, 48 agencies reporting, 33
use the percent-passing method, 12 use the passing-and-retained method, and 3 use
the percent-retained method. For surface-course material, 50 agencies reporting,

32 use the percent-passing method, 15 use the passing-and-retained method, and 3 use
the percent-retained method.

All of the agencies that specify the sieve gradation limits for aggregate for mix-
tures on a ""percent passing” or "percent retained" basis base the percentage require-
ments on the total weight of aggregate. With two exceptions, the agencies that specify
the sieve gradation limits on a "passing-and-retained" basis base the aggregate per-
centage requirements on the total weight of the mixture, inclusive of the bitumen. The
other two use the total-aggregate basis.

All but five of the reporting agencies specify the bitumen content of mixtures as a
percentage of the total mixture. The remaining five, all of which use either the "per-
cent-passing" or "percent-retained'' methods in specifying the aggregate, specify the
bitumen content of mixtures as a percentage of the total aggregate.

Any of the three methods 1s satisfactory for outlining the general limits of gradation
for mineral aggregates. The range between the maximum and mimnimum limits for any
sieve, or between consecutive sieves if the passing-and-retained method is used, can
be broadened or narrowed depending on the general range of gradations that, if met,
will produce a satisfactory mix.

The degree of general control 1s further influenced by the number of sieves that are
used to specify the grading of the aggregate. The greater the number of sieves, the
greater will be the degree of control that can be exercised over the material through
the entire range of gradation. For the reporting agencies, 12 use a total of 7 sieves
to specify binder-course materials, and 24 use 7 sieves to specify surface-course ma-
terials. Other numbers of sieves used with considerable frequency for specifying
binder-course materials are 9 (by 8 agencies), and 5 (by 7 agencies). Twelve agencies
use 8 sieves for specifying surface-course materials. The number of sieves reported
in use for specifying binder-course materials ranged from 2 to 13, and for surface
course mixtures from 3 to 10.

For surface-course mixtures, a small amount of mineral dust passing a No. 200
sieve 1s almost always required. Only two of 49 agencies reporting requirements on
the No. 200 sieve for their highest type of asphaltic-concrete surface-course mixtures
indicate that a mixture with no particles passing the No. 200 sieve would be acceptable.
One agency does not include 1n 1ts specifications a sieve finer than the No. 100. How-
ever, this agency requires a certain amoung of the material to pass the No. 100 sieve.
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For binder-course mixtures, a small amount of dust passing the No. 200 sieve is
always permitted, but not always required. Twenty-four of 48 agencies reporting on
binder-course requirements do specify that a small amount of material must pass the
No. 200 sieve.

Considerable variation occurs 1n the maximum size of the mineral aggregate that is
permitted in asphaltic concrete by the reporting agencies. As would be expected, most
of the agencies use a smaller size aggregate n surface-course mixtures than in bind-
er-course mixtures. Usage with respect to the maximum size of aggregate is shown

TABLE 5-6-a

FREQUENCY OF USE OF VARIOUS MAXIMUM SIZES
FOR MINERAL AGGREGATE

Sieve “Number of Agencies
Size 100 Perceg 95 Percent or 90 Percent or
(inches) to Pas More to Pass More to Pass

Binder-Course Aggregate (L8 agencies)

2 2 - -
1 3/k 1 2 1
11/2 5 L 5
11/h 12 9 2
1 1k 13 16
/8 2 2 2
3/h 10 15 18
5/8 1 1 1
1/2 1 2 3

Surface-Course Aggregate (50 agencies)

11/4 2 - -
1 1 6 b
3/h 13 1k 13
5/8 4 b 4
1/2 20 2k 26
3/8 - 2 3

y Agencies not stating a 100-percent-passing requirement are placed in the

sieve-opening group next above the maximum size listed in specifications.
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in Table 5-6-a. For the purpose of this discussion, three separate groupings are
shown in the table. The first grouping is based on the maximum size of sieve that all
aggregate 1s required to pass. For those agencies that do not set a top size that all
material must pass, the next largest standard sieve s1ze above the top size mentioned
n their specifications is assumed as the sieve through which all material must pass.
As an example, an agency requiring that 95-100 percent of aggregate must pass a 1-
in. sieve, but having no requirement based on a sieve with larger openings, would be
placed in the 1%-1n. top-size group. The second grouping is based on the assumption
that any agency specifying that at least 95 percent pass a sieve, but accepting up to 100
percent passing considers that sieve opening to be the nominal top size of the material
they use, and permits up to 5 percent oversize material. The third grouping is simi-
lar to the second grouping except that the assumption is made that any agency requir-
ing at least 90 percent to pass a specified sieve, but accepting up to100 percent pass-
ing the sieve, considers the openings of that particular sieve to be the nominal top size
of the aggregate. It will be noted from Table 5-6-a that, for binder-course materials,
the most frequently specified top sizes by the first method of grouping are the 1%-in. ,
1-in., and 3/4- 1. si1zes. For the second and third methods of sgroupmg, the 1-1n. and
’A-m. sizes predominate. For surface course mixtures, the 4-in. and 1/z-m. top sizes
predominate regardless of the method of grouping, although by the first method of
grouping a considerable number of agencies are also shown to use a 1-in. si1ze group.

As was ndicated earlier in the report in the sections concerning the fine and coarse
aggregates, the comparisons involving the maximum size of aggregate that are made
in the gradation analyses 1n this report are made with the assumption that the nominal
maximum size 18 the sieve size through which at least 90 percent of the material 1s
required to pass, but through which up to 100 percent 1s allowed to pass. In other
words, 1t is assumed that some agencies are specifying that material containing up to
10 percent of particles larger than the nominal size 1s acceptable. This assumption 1s
not based on specific information that was receiwved from the reporting agencies. How-
ever, grouping of gradation limts based on this assumption provided the best showing
of umformity of practice among agencies.

The size of the mineral-aggregate particles and the distribution of sizes from coarse
to fine are recognized by all to have an important bearing on the performance of bitu-
minous concrete. A continuous grading in sizes of particles from coarse to fine, with
no great concentration at any one particle size and with no absence of particles at any
s1ze, 1s generally considered productive of the best bituminous concrete. Because of
the influence of angularity, roundness, and probably other considerations, there 1s
apparently no ideal gradation that is suitable for all aggregates. And if there were,
practical considerations would require that a certain amount of deviation from the
ideal be permitted to keep costs within reason.

Each agency exercises a control of gradation and uniformity that 1t considers con-
sistent with its needs and ability to financially fulfill these needs. This brings about
a certain amount of variation 1n the degree of control that is exercised over the grada-
tion of the mineral aggregate.

All of the reporting agencies include in their general specifications prescribed
sieve-size limits for the mineral aggregates to be contained in bituminous-concrete
surface-course mixtures. All but one of the agencies using bituminous-concrete bind-
er-course mixtures include prescribed sieve-size gradation limits for the binder-course
aggregate in their general specifications. The single exception reports that special
provisions regarding sieve-size limits are written to fit aggregates available 1n the
area of construction projects where the binder-course mixture 1s to be used.

Besides controlling the gradation of the mineral aggregate, 1t 1s considered desir-
able by most agencies to also control the umformity of grading of the aggregate from
coarse to fine. Two different methods are generally used to accomplish this purpose.
The first of these 1s to use the passing-and-retained method of specifying gradation
limits. By this method considerable assurance is offered that there will not be an ex-
cess or deficiency of particles between successive sieves. As stated previously, 12
agencies use the passing-and-retained method of specifying mineral aggregate for
binder-course mixtures, and 15 use the passing-and-retained method for surface-
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course mixtures. One of these agencies requires, 1n addition, a prescribed total per-
centage of material to pass the No. 10 sieve for both binder- and surface-course mix-
tures. Another requires a prescribed percentage to pass a No. 6 sieve for surface-
course mixtures.

For the agencies specifying gradation limits by the percent-passing method, a few
(six) attain increased uniformity by specifying a certain mmimum percentage of mate-
ral to be retained between successive sieves. Four of these require that at least four
percent of the material be retained between successive sieves. The other two require
that at least five percent be retained between successive sieves smaller than the % -1n.
sieve.

Additional uniformity obtained through the use of job-mix formulas and tolerated
variations therefrom will be discussed later.

Of considerable interest is comparison of the gradations of the mineral aggregates
specified by the reporting agencies. To make such a comparison, 1t is first neces-
sary to place all of the prescribed gradations on a common basis. As explained earli-
er 1n the report the percent-passing basis has been chosen for making this comparison
because of the more common use of this method, and also because of the greater ease
with which gradations prescribed by this method may be plotted for visual examination.
As 15 usually done, charts on semilogarithmic paper with a percentage scale on the
vertical axis and the sieve sizes 1n logarithmic scale on the horizontal axis have been
used for the comparisons.

Percent-retained limits were converted to percent-passing limits by simple sub-

TABLE 5-b

SIEVE-SIZ: GRADATTO ! LIMITS FOR ALL AGEICIES
CONVERTED TO CQMION BASIS . BINDER-COURSE MIXTURES

Indicated Lim Percen 8 oy Yleaht of Total Ancregate Permitted to Pass bieve
Agency 2in 1 3ban 11/21n T1/kin_tin_7/Bin 3"'-._1;“‘;75 in_ 1,2 ] m"i 3/Fin_ flo b 1o 10 Ho v Jdo L 1o O No 00

Ale 100 75-100 55-% W7-67 3557 24-50 17-3b 12-30 -1 e
Ariz Varieble
Ark 100 L-95 0-0 a-T2  hO-3y  2,-40 17-3¢ 1G-25 5-15 0-5
calif 100 95-1G0 75-00 0-75 W0-»5 esm3uw 17-27 11-1§ 7-13 35
Colo 100 90-100 T 292 X0-C 5a-a)  geew3  2)-3w  leed Lk LT 1-,
Conn 100 u-100 T2-90 #5=T5 al-6o  29-'h 1u-39 - - - -
Del 1 96-100 70-100 50-30 L0-35  a5-k5  &0-37 1u-29 10-20  -1% 5-10
D¢ 100 90-100 WO~ U000  20-40  15-35 1i-7 G-l hel3 0-5
Fla 100 94-10 wb-1C0 W-100 L=t ©0-90  ho-ud  15-35 - - - -
Ga 00 95-100 03-u) 4-7,  30-57 16-3F  13-30 T-e3  e-le 0-5
Idaro 100 80=-100 o8 B3-%4  W-4C  £3-3¢  17-2% 10-17 3-9
m 1w 95-1un 129 be-T3 ba-od  3a=bs -3 - - - -
Ind e ol 79-100 43-95 T4 W0- 3 a-n9 -3 h-23 1-1¢ 0-3
Iom 10 =102 £0-9 P07 MT-v, 3Eet3 4239 1 -30 -0 3-16
¥ens 1ca ©5-100 Te-9e £5.485 LO-T; d3-50 62/ 21k -1 =7
Ky 100 90-100 B 59-00  3,-0 10-33 1M-25 k18 0-11 €5
(a 100 a0-100 75-100 55-10 hou7h  235-0  25-b0  1u-33  15-30  6-l a-
‘aine 100 T8-1C0 2mi2  en-u0 13-3 1823 ey - -
'3 " az-1¢ -3 - % .77 M0 h 22235 13-28 b1 9213 a-t
lass 10 100 Lo “.=33  47-52  le=bl 11-22 7-1 0 3911 1-4
ich w0 gho10n 5100 7e- ' -0 hl- 1 he?n - - - -
Iinn 100 103 7-83 40-0 esobe 18- 1Y P 7ab 0-"
1'Lss 100 3=.100 > =GC fi-fi5  When?  L0-53  31-47 b3 10-e2 110
A 100 ap-10 an 100 Tt -100 33-39 2 - Rty T § PO Y a4 T-8A  beey 2-9
sent 100 7(-100 25-7¢ 1 -7 L-w 3.3 119 [
“car Al 3 -100 197 TO-g5  heee FRETERN, 5 Py -17 510
. 1 r 100 ot -fc 1,200 -0 2-a 1R e - et
H 0 -0 D00 30-55  ee-be  1M-30 1647 - -
7 10 Aelle L-ing 0.7 -3 -l ) -3 531 -1 0-5
% 106 J-100 farf  INSC 0k, 1 -3 1eerd [edd 3-1e
L ¢ 300 P00 -0 32-03 23-,3  7-3% 312 0 [ [ 0
] 10 90-1C0 he-th WeT) 3303 Lle-ws  12-35  b-en  Lelk 0-5
1 Dak 106 Y-l B3-Y3  oU=T( -0 lo-#f 133, oA 0-0
0w Binder course not used
ukla 100 9 -100 90-100 0-92 u9= 0 57-73 bO-n;  0-by 237 20-30 10-C 1-7
ores 100 %h-100 7297 B5-57  23-BR 1A-33 10-¢3 G-l 35
Fa 100 9-100 90-100 70-90 Lo-75 Fhatv  20-b5  1h-32 Toe3 BT e-l1 0-5
R I 1c0 94-100 ©5-100 TL-87 ne=Td  39-57 12-3L - - - -
s ¢ 100 97-100  0-95 30-(» 15-30 - - - -
S Des 00 50-1C0 75-50 533 B0 H-35  L7-el 20-30 1320 -10
Tenn co & cy 2-100 9-5 A2-To 570 43-3) 13-w3 -0 1k-21 b0 -
Tev 10 57-100 o9 T -0 ot b3-To 23-08 1. L4 T-5¢  T-b9  7-43 oy 1-11
Uteh 10 9 -100 ~Lids 15-100 0-90 b5-75 35-G5  25-50  .0-50 1h-3% 1C-30 5-20 3-8
Vi 100 15.90 53-b2 225k 17-55  15-5l 13- B-23 b7
va 100 a5.100 T4-83 £0-L0 b0-rO  LO-MO Lh-ct 9-21 3-10 -
Wash 100 90-100 70-39 Humo 3=k 17-35  1i-32 kO 1-5
Y Va 100 w-10n g5-10¢C 'T-9h Tu-tt6 ~0-T5 h3.f0 30-50 20-40 14-31 =2l 4-1k 2.8 o-b
wis 160 95-100 u3-3 65-90 55<0  Wanh  2)-E0  17-3s 1030 - 3-12
Wyo T5-100 0-0y byt by 03 15-26 019 3-10

100
Ontar:o 1c0 T9-9 5h-80 40-68 3050 U-wms  9-37 5-¢p  2-1l 0-,
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TABLE 6-b

SIEVE-SIZE GRADATION LIMITS FOR ALL AGENCIES CONVERTED
TO COMMON BASIS - SURFACE-COURSE MIXTURES

Indicated Limit: Percenteges By Weight of Total Aggregate Permitted to Pass Sieve

Agency 1 1/h in, " 1M, 3 in. 1/2 in. 3/8 in. No. No. 10 No. 20 No. No. No. 200
Ala, 100 95-100 75-88  60-80  40-00 20-40 432 10-25 5-15  2-8

Ariz. 100  85-%0 62-80  45-65 37-o7 25-45 19-3% 15-25 8-17 2-10
Ark. 100 87-100 77-88 55-75 140-55 2641 15-30 9-20  4-10
Calif. 100 95-100 75-85 60-75 Lo-55 28-38 17-26 11-19 7-13 3-6
Colo. 100 90-100 70-85 61-75 Lo-52 29-38 2h-33 19.27 13-21 48
Conn. 100 95-100 82-100 60-100 51-86 28-55 22-4h  17-37 12-31 8-18 L4-8
Del. 100 91-100 80-100 50-65 30-U5 20-30 15-25 10-20 5-10
D. C. 100 80-100 5580 LO-75 23-50 10-30 3-15 2-8
Fla. 100 61-92 33-84 24-75 22-63 19-53 10-26 5-8
Ga. 100 95-100  50-80 L4-61 30-L6 20-38  11-23 5-10
Idaho 100 88-100 72-87 45.65 30-50 24-4o 18-32 12-22  5-12
I11, 100 95-100 78-92 ha-73 27-62 25-57 22-4§ 15-23 k-9
Ind. 100 85.98 32-76 21-72  14-54 8-ho k18 3.9
Iova 100 98-100 80-92 67-87  U7-61L 34-53 23-h0  17-30 8-20 3-10
Kans. 100 95-100 7-93  65-88  53-77 37-61 2k-L3 17-29  11-15 G2
Ky. 100 85-100 50-70 31-48 15-3k 6-24 1-12  0-5
La. 100 85-100 78-95 60-80 ho-60 29-51 20-35 12-25 410
Maine 100 80-100 35-75 30-55 2h-L5 1240 7-19 3-8
Md. 100 88-100 76-88 66-80 48-52 32-k4 18-31 10-20 6-14 2.8
Mass. 100 87-100 58-73 31-57 21-52 15.3h 9-17 k46
Mach, 100 93-100 83-100 61-76 32-47 25-37 19-26 12-19 5-9
Minn. 100 98-100 87-93  70-85 50-65 35-50 24-38 15-30 8-16 L4-3
Mass. 100 95-100 80-95 55-75 L40-57 28-he  12.24  6-10
Mo. 100 97-100 T1-100 29-78 22-7L 18-60 15-52 9-30 411
Mont. 100 76-100 58-84  34-73 25-64 19-54  15-LT 9-25 4-9
Nebr. 100 96-100 81-97 70-95 45-65 25.45 19.3k 1h-25 8-17 5-10
Nev. 100 95-100 81-92 60-80 52-69  37-51 28.38 2h-32  20-27 13.20 5-11
N. H. 100 80-95  45-75 30-50 17-37 10-30 5-20 3-8
N. J. 100 85-100 74-100 26-78 19-73 18-67 1b-54 7-26  kh-g
N. Mex. 100 90-100  55-85  L40-65 30-50 22-38 15-30 8-20 L4.10
N. Y. 100 98-100 95-100 82-93 46-Th 17-52 8-3h4 5-2l 3-13  2-6
N. C. 100 95-100  79-90  L2-68 22-57 17-50 1h-Uk 6-22 2-9
N. Dak. 100 82-100 68-93 bh-78 25-60 18-L7 1334 T-¢0 2-8
Ohio 100 95-100 Th-93 43-86  2h-75 23-67 13-47  7-30 2-16 0-5
Okla. 100 90-100  79-94 55-80 L40-55 29-k&  20-37 10-25 k-

Oreg. 100 85-100 73-88  18-60 27-h3 17-32  9-23 -1k 3-7
Pa. 100 80-100 45-72 28-52 16-34 9-24 3-13 2-8
R. I. 100 84-100 28-73 27-72 19-56 12-3% 9-17 5-9
5. C. 100 T75-97  58-75 L2.60 36-52 25-35 15-25 5-12
S. Dak. 100 90-100 75-90 6L4-83 b7-70 35-55 27-b1  20-30 13-20 6-10
Tenn. 100 89-100 64-76 46-56 31-bO0  19-27 T-14

Tex. 100 97-100  75-88  37-G9 12-57 12-57 12-57 7-38  z-11
Utah 100 90-100  70-100 60-90 L43-79 30-70 10-b0  5-312
Vt. 100 61-92 L6-84 2475 22-63 19-53 10-26 5.8

Va. 100 80-100 50-70 35-50 21-36 10-25 3-15  2-10
Wash. 100 90-100  69-87  35-62 20-40 15-33 10-28 3-18 1-6

W. Va. 100 85-100 60-80 37-57 21-38 11.26 5-14% 1-5

Wis. 100 95-100  75-100 145-85 30-55 22-kk 15.35  10-25 5-12
Wyo. 100 84-100 50-70 30-50 23-39 18-31 12-20 5-10
Ontario 100 75-88 50-60 37-58 23-18 16-3h 7-15 3-8

traction. Passing-and-retained limits were converted to percent-passing limits by
the method described in the article ""Plotting Aggregate Gradation Specifications for
Bituminous Concrete," (Public Roads, April 1953).

In instances where the specified percentages are based on the total mixture, these
were converted to percentage limits based on the total aggregate. All but two of the
agencies using the passing-and-retained method of specifying the mineral aggregate
base the gradation limits on the total mixture. All other agencies base the percentage
limits on the total aggregate.

Two agencies base their specifications on sieves with round openings for sizes of
Ya-in. and greater. All of the other agencies use sieves with square openings. The
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Figure 5. Frequency of acceptance of percentages of aggregate
passing various sieves - binder-course mixtures.

92



PERCENT B8Y WEIGHT PASSING

40

40

/

// 120 T4° A0 “‘G::.. 2 « / %Laéf:u":l!u
5 —— e 8 —THA?
200 ) 40 20 ) 4 % % oW Y 1'{17:7—
/ /
//
v4

Q
AN

\
\
!‘a
R\
"’5-,\

) |

- - £ .
[ ——0 0 “/r‘y 1IN SIEVE NOMINAL
20 N MAXIMUM  812E
- ~gn - 2022 v Qe Arnelw
%___————
200 80 40 20 10 4 " vt a1t i 2

| 4y

/4
|
|

| A1
4

a [ |

—" ,g,ﬂ“ o ‘\c.\"_ Y
ot » &
/! ykéﬁ/ P
S T
c&'

i

// - s // 304 IN ui'.f)'{fu u:nné;

L 48 AGENCIES)
—F 1

200 80 40 20 10 4 w 2" wm o 2"

STANDARD SIEVE - SQUARE OPENINGS

Figure 6. General acceptability with respect to gradation of to-
tal aggregate for binder-course mixtures.

27

MORE THAN

10 PERCENT IS ALLOWED TO BE RETAINED, BUT THROUGH WHICH 100 PERCENT MAY PASS

NOTE FOR THE PURPOSE OF THIS PRESENTATION, THE NOMINAL MAXIMUM SIZE
IS ASSUMED TO BE THE SIZE OF THE SIEVE ON WHICH NOT
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requirements of the two agencies using the round openings were converted to square
openings on the basis of the following table which was found in the New Jersey speci-
fications:

Conversion from Round to Square Openings
Round Openings 3% in. 3. 2% m. 1%wm. %m. % in. Y% n. 10 30 200
Square Openings 3in. 2% in. 1%in. 1mm. J%m. 3% in. No.4 10 30 200

Following the conversion of all gradation specification limits to a common basis,
the limits of each agency were plotted on semilogarithmic paper to form the famliar
gradation envelope. The envelopes were formed by connecting the plotted points with
straight lines. In instances where agencies did not specify a maximum size, the low-
er line of the envelope was extended to the 100-percent point on the next commonly-
used sieve above that which 1s specified by the agency. In a few instances where a
100-percent-passing figure was listed, followed by specified limits on a much smaller
sieve, an unrealistically narrow upper portion of the envelope would result if the upper
boundary of the envelope were formed by connecting the 100-percent point to the upper-
limit point for the first sieve listed below the top-size sieve. In these few cases this
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NOMINAL MAXIMUM SIZE OF AGGREGATE, AND FOR WHICH LIMITING
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NOMINAL MAXIMUM SIZE OF AGGREGATE, AND FOR WHICH LIMITING
FIGURES COULD BE DETERMINED FOR THE SIEVE INVOLVED

Figure 7. Frequency of acceptance of percentages ot aggregate pass-
ing various sieves - surface-course mixtures.
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portion of the envelope was determined by arbitrarily drawing the line to the 100-per-
cent point on a sieve one or two sizes smaller than the maximum specified.
After all envelopes had been plotted, the percentage values were determined for all
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Figure 8. General acceptability with respect to gradation of total
aggregate for surface-course mixtures.
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PERCENT OF AGENCIES ACCEPTING BITUMEN CONTENT
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Figure 9. Frequency of acceptance of percents of bitumen in total
mixture.
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of the points at which the straight lines intersected the vertical lines of the semiloga-
rithmic chart representing the more commonly used sieves. The tabulation of these
values for binder-course mixtures is shown in Table 5-b, and for surface-course mix-
tures 1n Table 6-b.

Binder Course. From the values given in Table 5-b, the frequency of acceptance
of the various percentage values passing each of the selected sieves was determined
and plotted for all agencies. The frequency-of-acceptance curves for all agencies
were then drawn as shown in Figure 5. It will be noted from these frequency-of-ac-
ceptance curves that, although the complete range of percentage limits for any one

TABLE 7-8-a

SPECIFIED TOLERANCES FROM JOB-MIX FORMIJLAS

Sieve Size  Number Average of Number of Agencies Range of
or of y Reported Tolegance Within? one Percentage 'I‘olera.ncei Reported
Number __ Agencies Figures 4 (=) Point of Average % (Z)
Binder-Course Mixtures
3/h" 26 6 18 3-10
i/2" 29 6 21 3-10
3/8" 27 6 13 3-12
No. 4 36 5 23 2-10
No. 10 29 L 23 2-10
No. 20 12 b 12 3-5
No. 40 22 L 18 2-10
No. 80 17 3 13 2-5
No. 200 3 2 26 0.5-4
Asphalt 38 0.4 34 y 0.2-1.0
Surface Course Mixtures
1/2" 27 6 18 2-10
3/8" 34 6 23 2-10
No. & 37 5 29 2-10
No. 10 36 b 31 2-10
No. 20 26 L 2k 2-5
No. ko 32 4 27 2-8
No. 80 29 3 25 2-5
No. 200 i1 2 34 0.5-5
Asphalt 39 0.4 33 g/ 0.2-1.0

1/ Total of 42 agencies reporting
2/ Within ¥ 0.1 percentage point of average
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sieve is relatively great, there is still a definite tendency toward concentration of ac-
ceptance within a relatively narrow range. This is further demonstrated 1n Figure 6
where are shown various concentrations of agencies with respect to acceptance of per-
centages of mineral aggregate passing the entire range of sieves. The method of de-
veloping these envelopes is the same as that previously described for the development
of the envelopes for fine aggregate.

It is generally accepted that, for optimum performance, the grading of a mineral
aggregate from coarse to fine must vary somewhat 1n relation to the maximum size of
aggregate. The practices of the agencies grouped according to top-size of aggregate
for the more frequently used top sizes were examined in a manner similar to that
previously described for the agencies as a whole. For binder-course aggregates, the
most frequently used top sizes (based on 90 percent of material passing, as shown in
Table 5-b), are the 1-in. and 3/4-in. top sizes. The resuits of this examination are al-
so shown in Figures 5 and 6. It will be noted from the figures that grouping of the
agencies by top sizes of aggregate produced a greater degree of concentration with re-
spect to acceptance of percentages of material passing all sieves.

Surface Course. Surface-course-aggregate gradation himits were examined 1n the
same manner as were the binder-course-aggregate limits. The results of the plottings
are shown in Figures 7 and 8. It will be seen from these figures that similar results
were obtained.

Asphalt Content. Forty-six of the 50 reporting agencies indicate that maximum and
minimum asphalt contents are specified for binder-course mixtures. All but five of
the agencies use the total mixture as a basis for specifying asphalt content. The re-
maining five specify asphalt content as a percentage of the total aggregate.

For the agencies reporting (converting the limits for the agencies using the total-
aggregate basis to a total-mixture basis), the specified percentages range from a low
of 2.9 percent to a high of 8.0 percent for binder-course mixtures, and from a low of
2. 9 percent to a high of 10 percent for surface-course mixtures. Frequency-distri-
bution curves for acceptance of various asphalt contents are shown in Figure 9(a) for
binder course materials, and in Figure 9(b) for surface-course materials. Average
values for the lower and upper limits for asphalt content of binder-course mixtures
are 4. 1 percent and 6. 4 percent respectively, and average values for the lower and
upper limits for surface-course mixtures are 5. 0 percent and 7.5 percent respectively.

Job-Mix Formula

In addition to the controls previously ABLE 9-n
discussed, most agencies require that a USAGE OF STADILITY TESPS IN DESIGHING
single combination of aggregate and as- i ]
phaltic material, known as the "Job-Mix swbusey s of o o ustet b o
Formula," be determined for each project. asmales Ameice
The job-mix formula must of course be Harohail © Husbard-Fiela 3
within the limits of the specifications. __ TrlenelCompresson 1
Small tolerances from the job-mx for- Hveen 1 Harshall 1
mula are specified. The job-mux formu- .. 0maa n I 3
l1a is usually determined from trial mixes Imersian-Conpression 1
or from previous experience with the ag- o . Dmeraton-Come N
gregates at hand. oof (torating Beble

Forty-two agencies 1ndicate the use of ™= *== pershall 5
job-mix formulas and specified tolerances imersimcompresston - Hubbard-Freld 1
therefrom for binder-course mixtures, e ng e L
and the same number also for surface- Vibrating Teble 2 Unconfaned Compression snd 1

Immersaon-Compression

course mixtures. Summary information
concerning tolerances for the more com-
monly used sieves, and for asphalt con-  eectical srperience -
. . lEcl. e

tent 1s presented in Table 7-8-a. It will ot ot b

: of ¢ agencies reporting
be noted that practice is reasonably con-
sistent.

Direct Compression 1




33

TABLE 9-b

Stability Tests (o et Rceiing s )

Most of the reporting agencies use at rest Tarte Vo7 ttm ot peawy ot
least one of the special tests that are Y,
available as guides in designing for sta- swbility, e s T3 %o ¢ Lo H
bility 1n bituminous-~-concrete mixtures. 00 <o - .
Of 49 agencies reporting, only five indi- 1500+ 1 oo 1
cate that no method other than trial and Flew, 0 0L 1 el i e 2 a1
error is used in at least the preliminary - i
determination of proper mixture compo- 1938 1
sition with respect to stability. The us- -
age of the various stability tests 15 Sum- sty et of 02 1
marized in Table 9-a. It will be noted heomstien &/ §:§:: :
that the most popular stability tests are Lo S
the Marshall (20 agencies), the Hveem gar 1
(12 agencies), and the Hubbard-Field (11 IyE :
agencies). A

ety poveent 2/ BB E 1
Stability Test Figures Boia i y
Bveem Stabilometer Method

The ranges 1n test figures that are St et ey = i
considered by the reporting agencies to B0 2
be indicative of satisfactory mixtures Ooiemeter Telue B
are shown in Table 2-b for the tests re- ereueml g3 e s 1
ceiving major usage. The ranges are Stavtisty, v 10p  DEbmdPleld Method )/ e N
hsted without regard to the characteris- 3000+ VoB®e Y P h
tics of the aggregates and bituminous ma- oo
terials contained in the mixtures to which ™mmdn gy »%4® !
they have been applied. They must there- 22 :
fore not be considered to have universal ¥ e e, e cor ooy
application. Beuk o v. ;mmm-:t;.;s"mu

Apparent
E = "Effective"
;/ For agencies reporting voids limitetions rather than density limitations, the
complementary density limitations have been tabulated to facilitate comparison

Specifications Based on Stability Tests

Eleven of the reporting agencies state that they include 1n their specifications re-
quirements that are based on stability tests. Nine of these state that their specified
values are based on standard tests and test procedures. The hmiting figures specified
by these nine agencies are tabulated in Table 9-c. It will be seen from the table that
these particular specifications are far from standardized, with no two agencies specl-
fying 1dentical groups of limiting figures.

Specific Gravity in Mixture Design

Experience has shown that bituminous-concrete mixtures perform best at a rela-
tively narrow range of densities below a gven voidless maximum. The maximum
density to which compacted mixtures are usually referenced 1s a theoretical voidless
density calculated through the use of specific gravity figures for the individual consti-
tuents of the mixture.

I aggregate absorbed no asphalt, or if the voids within the aggregate particles be-
came completely filled with asphalt, the choice of specific-gravity figures for use in
theoretical calculations would be a simple matter. However, it 1s most common for
the voids in the aggregate particles to become partially filled with asphalt. Therefore,
the specific-gravity figures that are used for the aggregates are frequently a compro-
mise, although some effort has been directed toward the determination of specific-
gravities that more accurately represent actual conditions. Usage among the report-
ing agencies with regard to specific gravities assumed for aggregates in theoretical-
density calculations is shown on the following page.
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CONSTRUCTION REQUIREMENTS

Specific Gravity Number of Agencies

Bulk (ASTM) 19 As mentioned previously, the question-
Apparent (ASTM) 14 naires were for the most part designed to
Bulk and Apparent 5 obtain information on 1tems where some
Bulk, Surface Dry Basis choice was likely to be involved nsofar
(ASTM) 3 as the preparation of the construction
"Effective" 2 specifications for the AASHO Test Road
"Vacuum Saturated" 1 was concerned. Questions were usually

not asked about detailed specification re-
quirements and practices which were recognized as intrnsic in the control of bitumi-
nous-concrete construction and as being common to all agencies practicing bituminous-
concrete construction. The absence of information on these details occurs perhaps
with greatest frequency in the portions of the report dealing with construction and
equipment requirements. This should be borne 1n mind by anyone making use of the
information which is herein presented.

TABLE 9-c

LIMITING STABILITY TEST FIGURES USED IN
BITUMINOUS -CONCRETE SPECIFICATIONS
(For Agencies Using Standard Test Procedures)

Specified Limiting Test Figures

Stability Test Stability Flow Density y _2/
Figures (0.0L in.) (pet. theoretical)
Marshell (La.) 1000+ 8-18 92-96 B
(s.c.) 600+ med. traffic;
2000+ heavy "
Hveem §Okla.) 35+ 94-98 A,B
Cal.) 35+
(Me.) 35-50
Hubberd-Field (Mo.) 3000+ 94-97 A,B
(Mont.) - 95-98 8§
(Fla.) 1200 med. traffic;
3000 heavy " 95-98 (Asphalt
Institute)B
(Va.) 1500 med. traffic;
2000 heavy " 90 B

y For agencies reporting voids limitations rather than density limitationms,

the complementary density limitations have been tabulated to

comparison.

gj Specific gravities used in determining theoretical density:

A = Apparent

B = Bulk

S = Bulk, surface dry basis

facilitate
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PREPARATION OF MATERIALS TABLE 10-2

SPECIFIED TEMPERATURES FOR HEATING
AND DRYING MINERAL AGGREGATES

Mineral Aggregates

Storage. Forty-four of the reporting
agencies state that their specifications
require that when different si1zes of ag-

1
gregate are furmished separately for bi- ax z o H
tuminous-concrete mixtures, each size g oot f‘“"y gt i
that 1s furmshed 1s to be maintained 1n a gt H B 2
separate stockpile. The s1X remaining o Sa) At s
agencies have no such requirement, pre- l o : e s
sumably because aggregates are not fur- e I Hot roporten z
mshed 1n separate s1ze fractions. b s Total sgeeies 50
Twenty-seven agencies report speci- ==
fication statements requiring a general Ten grouped aac o Specified upEr hare TIait
absence of segregation, degradation and s — S NUgmg to seauied lover tempernture Mt
intermixing of materials. Eleven agen- | =S5Rt or Agenpee TEpeg i of heracien
cies report having no such statement, 205 6(1-5;5/ 300
and 12 agencies did not report. o RS ¥ 10ta8)
Only 13 agencies report having speci- xe ’ i e
fication requirements covering the con- o o
struction of stockpiles. Four require Y/ mhres aa des report ranges
that stockpiles be constructed n lifts 3 ft for bind and surfe The mmerals vithin
or less in thickness, 4 others require Porentheses indicate the mmber of sgeucies, the letter "B' indicates
that lifts be 4 ft or less 1n thickness, one binder-course eggregate, the letter "s" T
requires that the lifts be 5 ft or less,
and 4 require only that the stockpiles be TABLE 10-b
constructed 1n hifts. COMATIED o WENEss At CF IDISTUEE 10 2R
Heating and Drymng. Forty-si1x agen- SreeTTTed e oy
cies reported on temperatures specified Molsture Content of Agencies
for the heating of the aggregate. One e
agency reports only that its requirements oo X
vary with conditions, one agency reports
having no specification requirement, and oe 1
two agencies did not report. Thirty-two o3 2
specify temperature ranges, and 14 spec- -0 o
1fy maximum limitations only. Reference 1.2 L
to Part a of Table 10-a will show that there 20 1
1s considerable variation 1n the tempera- "Dry" 8
ture ranges or maximum limiting tem- "Prace® 1
peratures that are specified for aggregate. "No fosming" 3
Twenty-five different ranges or maximum Not specified 20
limitations are reported. The greatest Not reported 3
number of agencies specifying any one
range 1s five; these specifying a range of Total agencies 50

250 F to 325 F. The greatest number of -
agencies specifying the same maximum limitation 1s nine; these specifying a limitation
of 325 F.

Considering specified maximum and mimmum limitations rather than ranges, prac-
tice appears more consistent. As will be seen from Part b of Table 10-a, only four
different minimum himits are specified. A minimum of 250 F, specified by 15 agen-
cies, 1S used most frequently. There will be seen to be a somewhat greater diversity
of practice in maximum himts specified, although 17 agencies specify a 325 F maxi-
mum and 10 specify a 350 F maximum.

Three agencies have differing temperature requirements for binder-course and
surface-course mixtures, as will be seen from Table 10-a.

Moisture Retention. Only 15 agencies report specifying a maximum percentage
limitation on the amount of moisture allowed to be contained in mineral aggregate at
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the time of mixing. As will be seen from Table 10-b, percentage limitations that were
reported vary from 0. 0 percent to 2. 0 percent, with 9 agencies specifying a maximum
moisture content of 1. 0 percent. Eight agencies report that they require the aggre-
gate to be "dry," one permits a "trace" of moisture, and three require that the mois-
ture content be such that there will be "no foaming." Twenty agencies report having
no specification requirement covering moisture retention.

Asphalt Cement

Eighteen different temperature specifications for heating asphalt cement were re-
ported by forty-three agencies. Thirty-seven of these agencies specify a range of
temperature to within which the asphalt must be heated, five specify a maximum limi-
tation only, and one specifies a mimmum hmitation only. Practice concerning the
specified limitations is summarized in Table 10-c. It will be seen from Part a of
Table 10-c that the greatest number of agencies specifying any single range 1s the ten
that specify a range of 250 F to 350 F. No more than seven specify any other range,
or single maximum or mimimum limitation.

From Part b of Table 10-c it will be seen that when maximum and minimum limita-
tions are considered rather than ranges, only five different figures were reported for
each. Of these, a 250 F limitation 1s specified as a mimmum most frequently (21
agencies), and 350 F limitation is specified as a maximum most frequently (15 agencies).

PREPARATION OF MIXTURES
Batch-Type Mixing Plants

Mixing Period

Data regarding required mixing periods for batch-type mixers are summarized in
Table 10-d. .

Twenty-s1x agencies report that a minimum number of seconds of dry mixing are
required. The specified minimums range from 5 to 20 seconds, with 19 agencies
specifying a 15-second minimum dry-mix period. One additional agency specifies a
minimum dry-mix period of 15 seconds for surface-course mixtures and 5 seconds for
binder-course mixtures. Twelve agencies require only that mixing of the dry material
shall be "thorough.”

Forty-seven agencies reported on specified mmimum wet-mix periods. Specified
minimums range from 20 to 55 seconds. Twenty-one agencies specify a minimum of
30 seconds, and 19 specify a minimum of 45 seconds. One other agency specifies a
minimum wet-mix period of 45 seconds for surface-course mixtures and a minimum

of 35 seconds for binder-course mixtures.
TARE 10-c Forty-one agencies report that a min-
SPECIFIED TEMPERATURES FOR HEATTNG ASPEALT CRIENT imum total-mix period 1s specified in
gecies gronped scooriing To wp SEperat seconds. The minimum periods that are
specified range from 30 seconds to 90
seconds. Thirteen specify a minimum

%0 i dis 7 total-mix
=030 t - 7 - period of 45 seconds, and 10
o i o t specify a minimum period of 60 seconds.
o H . 2 One additional agency specifies a minimum
Fih H total-mix pericd of 60 seconds for surface-
275-350 4 .
300 mux . course mixtures and 45 seconds for binder-
Hot specisiea 2 course mixtures. Another agency speci-
Total agencies % fies 45 seconds for surface-course mix-

tures and 35 seconds for binder-course

3
P - 'umgﬁma,‘:cmwm“,;‘;’;.",‘"f?s“'fu;?’ﬁ::'“ T mixtures.
er jpeci] er
Lover Limit of iea Upper Limit of Agencies

m' . :,: Continuous-Type Mixing Plants
2

200 3 300 10

25 & 325 n Mixing Period

250 26 350 15 -—

275 6 koo 2

Specified minimum mixing periods for
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TABLE 10-d

SPECIFIED MINIMUM MIXING PERIODS FOR MIXTURES
PREPARED IN BATCH-TYPE MIXING PLANTS

Dry Mix Wet Mix Total Mix
Specified Number Specified Number Specified Number
Minimum of Minimum of Minimum of
Mixing Period Agencies Mixing Period Agencies Mixing Period Agencies
seconds seconds seconds
5 2(1—B)y 20 1 30 3
10 3 25 2 35 u(-8)¥
15 19(1-8) 30 21 Lo 5
20 1 35 (2-B)y 42 1
40 1 ks 13(1-B, 1-8)
"Thorough" 12 4s 19(1-8) 50 1
Not specified 4 50 (1-8) 60 10(1-8)
Not reported 8 55 1 T0 1
Not reported 3 90 1

Total agencies 50
Total agencies 50 “"Phorough" 1

Not specified 3
Not reported 5

Total agencies 50

y Two agencies report specifying different mixing periods for binder-course
and surface-course mixtures. The numerals within parentheses indicate
the mumber of agencies; the letter "B" indicates binder-course mixture;

the letter "S" indicates surface-course mixture.

continuous mixing were reported by only 22 agencies. Since the mixing period in con-
tinuous mixing cannot be determined directly, these agencies use the following formu-
la to determine the mixing period:

Pugmill dead capacity (lb)
Pugmill output (lb/sec)

Mixing period (sec) =

Reported specified minimum periods vary from 30 seconds to 60 seconds. As will be
seen from Table 10-¢, there 1s no great concentration of agencies specifying any sin-
gle mimmum mixing period. S1x agencies specify a minimum period of 45 seconds as
determined by formula, 5 agencies specify a minimum period of 35 seconds, and an
additional agency specifies a minimum period of 45 seconds for surface-course mix-
tures and 35 seconds for binder-course mixtures.

Twenty-one agencies did not report concerning specifications for a mimmum mix-
ing period for continuous mixing, four agencies reported that no minimum period is
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specified, and four agencies do not per-
mat the use of a continuous-type mixer.

TABLE 10-e

SPECIFIED MINIM/M MIXIHG PERIODS FOR MIXTURES
PREPARED IN CORTINUOUS-TYPE MIXING FLANTS

Both Types of Mixing Plant

Bpecified Minimm . Tomber
Mixing Pericd Y of Agencies

seconds Mixture Temperature at Discharge
X
35

- All but 4 of the 50 reporting agencies
5(1--5)J .
have specifications covering temperatures

:: :(1_5) for material at discharge from the mixer.
o . Thirty-seven of these specify mimmum

© R and maximum temperatures between

Kot reparted a which the temperature of the material

Nob sgecified 3 must range. Nine specify only a maxi-
Type not permitted ,. mum temperature which 1s not to be ex-

ceeded. As will be seen from Part a of

3/ Calmlsted by formia  Seconds = Pugmill Dead Capacity (b ) Table 10-f, practice 1s quite varied as to
Pogaill ozt (1b.fase.) specified ranges. The only single range

2/ One aaistionsl sgency reporte speelfylog different mixing periods for that 1s specified by more than 3 agencies
binder-course snd surfece-course mixtures. The letter "B" indicates 1s the 250 F - 350 F range that 18 speci-
‘binder-course mixture, the letter"S" indicates surface-course mixture, fied by 6 agencles. Grouping Of agencies

by minimum and maximum temperatures
specified produces less variation. As will be seen from Part b of Table 10-f, four
minimum temperatures are principally specified. Among these, 2 250 F minimum is
specified by 16 agencies (one agency for gravel aggregate only), and a 225 F minimum
by 9 agencies. Also from Part b of the table, 1t will be seen that 5 maximum temper-
atures are principally specified. Fourteen agencies specify a maximum temperature
of 325 F, one of which specifies this temperature only when stone is used. One addi-
tional agency specifies this maximum temperature for binder-course material only,
and specifies a maximum of 350 F for surface-course material. Eleven other agen-
cles specify a maximum temperature of 350 F.

PLACING MIXTURES

Air Temperature

Forty-six of the agencies reported on

TABLE 10-T

air temperatures that are specified as SPECIFTED TEMPERATURES FOR MIXTURE AT DISCHARGE FRO MIXER
minimums for the placing of bituminous- 5 Kgeweies e S0 spectrn Fture TG
concrete mixtures. Three agencies re- Teture Range _of Agencace Semperstue R o Mescics
ported that they do not specify 2 mimimum 0.0 raegraver)t x5 .
air temperature at which mixtures are to oo i Fe 2
be placed, and one agency made no report. Y 2 o3 i

As will be seen from Table 10-g, min- =5 3 30 o 1y
imum temperatures specified for placing e 1 o mx oy
vary from 32 F to 60 F. The single agen- o 3 Y 75 spectetea i
cy specifying the 32 F minimum qualifies %@2 gu"m
this by stating that the temperature must %;,9; i
be rising. If the temperature 1s falling,
this agency specifies a min?mum of 38 F. T Mgemoles Groued sceoriing T speci{ied wpper vemperueire Llt
Only one other agency specifies one min-  FeeE=” '_wﬁ _E = P w‘uglu_l%t T e T
1mum for use when the temperature 1s :
rising and another for use when the tem- = 3‘1"“"’1)5 HY ’;(l_mgyd)y N
perature 1s falling. A total of 28 agencies = 1l mtone £ nis Covoner
specify a mimmum air temperature of 40 omer ¢ i i
F, and another specifies 40 F when the
temperature is falling. Six agencies Y Coetaining stoncs 4ai unotiss. Sor mistises contaiaing Greves . Toe mmerals

within parentheses indicate “he number of sgencies

specify 35 F as a minimum, and one 2/ one casttionst . - rengen tor
bind and £4 The numeral vitlun parentheses

sPeCIfleS .35 F When the .temperat.ure 18 indicates the mmber of agencies, the letier "B" ipdicates binder-course
rising. Six others specify a minimum mixtare, the letter "8" indicites urfase-course mixtire
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air temperature of 50 F for placing. TABLE 10-g
SPECIFIED NINIMIM AIR TEMPERATURES AT
WHICH MIXTURES MAY BE PLACED
Mixture Temperature at Placing T Spentfist T aber
Tal ncies

Forty-three agencies reported on R 4,5,1__
specifications for mixture temperature ® g
at the time of placing. Thirty-six of » Sa-raatze)
these specify maximum and minimum % 11 tting)
temperatures within which the tempera- : 45:1;_’1:)
ture of the mixture must range. Includ- " .
ed are three agencies that specify differ- s 6
ng limits for binder-course and surface- © L
course material, and one agency that Nt specafued 3
specifies one set of limits for gravel ag- Yot reparted 1
gregate and another set for stone aggre- I 50

zate. Three agencies specify only mini-
mum limits, and three others specify
only maximum limits. Five agencies re-
port no specification, and two agencies and anctler hen the temperature 16 fallig The mmeral vithin parentbeses
did nOt report' indicetes the number of egencies

As was true for the specifications con-
cerning mixture temperatures at discharge, few agencies specify any single specific
range (see Table 10-h, Part a). The greatest nurnber of agencies specifying any sin-
gle range 1s the four that specify the 225 F to 325 F range. Two additional agencies
specify this range for binder-course mixtures only.

As was also true for specified temperatures at discharge, grouping of agencies by
specified mmmum and maximum temperatures produced less variation. As will be
seen from Part b of Table 10-h, four minimum temperatures and five maximum tem-
peratures are principally specified. A 225 F mimimum 1s specified by 14 agencies
and a 250 F mimmum by 12 agencies. In addition, two agencies specify the 225 F
minimum for binder-course mixtures, and one specifies this mimimum for use only
with stone aggregate. Also, one agency specifies the 250 F minimum for binder-
course mixtures only, and three specify the minimum for surface-course mixtures
only. Twelve agencies specify a 325 F maximum and nine specify a 300 F maximum.
Three additional agencies specify the 325 F maximum for binder-course mixtures
alone, and one additional agency specifies the 300 F maximum when crushed-stone ag-
gregate 1s used.

y Two edditional agencies report speciiying two mimimun air temperatures for
placing one minimum when the is rising

Daily Tolerance in Temperature

Specifications controlling the maximum daily variations in mixture temperature
were reported by 33 agencies. Thirteen agencies report having no such specification,
and four agencies did not report. The information on tolerances is summarized in
Table 10-i. It will be seen from the table that specified tolerances ranged from t 10
Fto t 30 F. Seventeen of the agencies specify a tolerance of ¥ 20 F, and 8 agencies
specify a tolerance of ¥ 25 F.

Spreading and Finishing Machine Speed

Operating speeds for spreading and finishing machines are reported to be specified
by 20 of the reporting agencies. Eleven report having no specification regarding speed,
and the remaining 19 either did not report, or reported a general statement which has
the effect of indirectly controlling speed. Some, or all, of those reporting that a
speed is not specified probably also have some form of indirect control.

Twelve of the 20 agencies with speed regulations specify a speed range within which
the machine must operate. Eight specify a maximum speed which 1s not to be exceed-
ed. One of these 8 specifies one maximum speed for binder-course mixtures and an-
other for surface-course mixtures. As will be seen from Table 10-j, no single range,
or maximum value when only a maximum speed 18 specified, 1s specified by a large
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TABLE 10-h

SPECIFIED TEMPERATURES FOR MIXTURE AT PLACING

a. Agencies grouped according to specified temperature range

Specified Number Specified Number
Temperature Range of Agencies Tempe%ture Range of Agencies
1

175-275 (1-gravel) 250-350 2(3-8)
200-300 2 250-375 1
200-350 1 255-305 1
225 min. 1 265-325 1
225-255 1 275 max. 1
225-275 2 275-325 3
225-300 3(1-stone) 280-375 1
225-325 h(2-B)§7 300 max. 1
225-350 3 325 max. 1
240 min, 1 Not specified 5
250 min. 1 Not reported 2
250-275 1
250-300 3
250-325 3(1-B)
250-340 1

. Agencies grouped according to specified upper temperature limit
and according to specified lower temperature limit

“Specified Number Specified TNumber
Lower Limit of Agencies Upper Limit of Agencies
OF OF
200 3 2 275 i
225 1l+(1-stone)-l/ (2-3)-/ 300 9(1-stone)
250 12(1-B)(3-5) 325 12(3-B)
275 3 350 6(3-8)
Other L 375 2
Other 3

y One agency reports specifying different temperature ranges for stone and
gravel in the bituminous mixture. The numerals within parentheses indicate
the number of agencies; "stone" and "gravel" indicates the aggregate used.

y Three agencies report specifying different placing temperature ranges for
binder-course and surface-course mixtures. The numeral within parentheses
indicates the number of agencies; the letter "B" indicates binder-course
mixtures; the letter "S" indicates surface-course mixtures.

group of agencies. The greatest number specifying any single range 1s the four that
specify that the operating speed of the spreading and finmishing machine be between 10
and 30 ft per mm. Of the agencies specifying maximum speed only, the greatest num-
ber specifying a single value 1s the three that specify a maximum of 30 ft per min.
One additional agency that specifies one maximum speed for surface-course mixtures
and another for binder-course mixtures specifies a maximum of 30 ft per min for
binder-course mixtures.

Lift Thickness

Information concerning lift thicknesses that are specified and Lift thicknesses that
are normally placed was obtained from the questionnaires and is summarized 1n Table
10-k. Thirty agencies report that a maximum hift thickness is specified for the binder
course, and 35 agencies report that a maximum thickness is specified for the surface
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TABLE 10-1 course. One agency controls thickness by

SPECIFIED MAXIMUM DATLY TOLERANCES FROM specifying a maximum 1b per sq yd of ma-

ESTABLISHED TEMPERATURE FOR MEXTURE AT PLACTNG terial that may be placed. Specified max-
Specilied Daily Fuiber imum thicknesses for binder courses
Tempergture Tolerance of Agenci®s  range between 1 in. and 3 . Twelve

- agencies specify 2 in., 8 agencies specify

10 2 3 1m., and 6 agencies specify 1% 1n.

15 3 Specified maximum thicknesses for sur-

20 17 face courses range between 1 in. and 3%

25 8 . Fourteen agencies specify 21n., 9
agencies specify 1/ in. and 4 agencies

» 3 specify 1 in.

Not epecified 13 Laft thickness of binder courses nor-

Not reported b mally placed was reported by 34 agencies,
and for surface courses by 39 agencies.

Total agencies 50 Normally-placed thicknesses of binder

course range between 1 1n. and 3 1n., with
more agencies placing 1%-in. courses (15),
and 2-1n. courses (6), than any other thicknesses. Normally-placed thicknesses of
surface course range between 1 1. and 2% 1., with more agencies placing 1%-1n.
courses (14), and 1-in. courses (8), than any other thicknesses.

Rolling Requirements

Type and Number of Rollers. Data regarding the type and number of rollers that
are required are summarized in Table 10-1 and Table 10-m. In Table 10-1 are sum-
marized requirements for roller type. Tandem, three-wheel, and pneumatic rollers
are all used to some extent. Of 49 agencies reporting that they specify the type of
roller to be used, 16 specify that either tandem or three-wheel rollers may be used,
another 16 specify that a minimum of one tandem roller and one three-wheel roller is
to be used, and 11 specify that tandem rollers alone may be used. Other combinations
of the three types of rollers are used much less extensively. Only six agencies permit
a pneumatic roller to be used.

From Table 10-m 1t will be seen that two agencies specify that a minimum of three
rollers are to be used (for each spreading

and finishing machine), and 25 agencies seporrm 10 s ron
specify that a minimum of two rollers SFREADING AND FINISHTNG MACKINE
are to be used. The remaiming 23 report- %Fﬂa% speet of daveaien

1ng agencies apparently do not specify a

. 5-20 1
minimum number of rollers to be used. - .
It will be further noted that the most fre- ss0 .
quently required combination is a mini- 26 R
mum of one tandem roller and one three- 1020 "
wheel roller (by 14 agencies). 0% .

Tonnage and Roller Speed. Thirty-two 10-50 1

agencies set a specific maximum amount 20 max. 209
of material that may be placed per hour 20-25 1
for each roller that 1s used. Twenty- 25 max 1
seven of these state the amount of mate- 30 max 31-8)
rial on a ton-per-roller-hour basis, and 35 max. 1
five use a square-yard-per-roller-hour As required 1
basis. Maximum-tonnage values, as will Avosd tearang 2
be seen from Table 10-n, range from 25 Wot specatied n
tons per roller-hour to 150 tons per roll- Not: reparted %
er-hour. The most frequently specified Total agencies »
maximum tonnages per roller-hour that Y one satutional agency reports specafying differeat mximm speets
are specified are 40 (6 agencies), 30 (5 porcathoses. soalevten the somber of sgmmeion, e orm A e

agencies) and 50 (4 agencies). binder-course mxture, the letter "S" indicates surfece-course mixture




42

TABLE 10~k

LIFT THICKNESSES - MAXIMUM SPECIFIED
AND THICKNESS NORMALLY USED

Specified Maximum Thickness Normally
Thickness Placed
Binder Number Surface  Number Binder Number Surface  Number
Course of Agencies Course of Agencies Course of Agencies Course of Agencies
inches inches inches inches
1 1 1 L 1 1 1 8
11/4 1 11/k 1 1-1 1/2 1 1-1 1/2 5
11/2 6 11/2 9 1-2 1 1-2 2
2 12 2 1k 1-3 1 11/4 5
2 1/2 2 21/2 b 11/k 2 11/2 "
3 y 8 3 2 11/2 15 11/2-2 2
1
170 1bs. 1 31/2 y 1 11/2-2 1 11/2-2 1/2 1
Var. 1 130 1bs. 1 11l/2-21/2 1 2 3
2
e, ¥ 17 Var. 1 1 3/k 1 21/2 N
Not used 1  §R. 13 2 6 100 1bs.Y 1
Total agencies 50 Total 50 2-3 3 N.R. 10
2 12 1 Total 50
Not used 1
N.R. 15
Total 50
1/ Ibs. per sq. yd.
2/ Not reported.
Only 24 agencies report specifying a
maximum roller speed. Seven agencies TABLE 10-1
report a requirement to the effect that TIPES OF ROLLERS REQUIRED
the speed 1s to be such that displacement Number
under the roller will be avoided. It 1s Roler e of Agencles
Possmle that some of the agencies report- o or three-vhesl 6
ing no requirement may have a require-
ment similar to that which was reported Tandem and three-wheel, minimm 16
by these seven agencies. Reported max- Tandem only n
imum allowable speeds (see Table 10-0) Tanden, three-vheel, or pueumstic 2
range fro?ll51). 5 m[i? to 33mph},l with most renden or tic N
agencies Speciying mpA. Tandem, three-wheel, and pneumatic 3
Compacted Density Not specified 1
Total agencies 50

The questions that were asked con-




TABLE 10-m TABLE 10-n
MINIMJM BUMBER OF ROLLERS REQUIRED MAXTMUM TONNAGE SFECIFIED PER ROLLER-HOUR
Tmber T Bpecafied Moximm Tonnage Womber
Minimun Requirement of Agencies Per Roller~Hour of 188
Three rollers a5 .
(a) Two tandem or three-wiheel and one pnewmatic 1 » s
{b) One 3-axle tandem, others tandem, three-wheel 3 2
or itic 1
Paeuma 1 - L
Total agencies 2 X0 6
Two rollers 5 .
(a) One tandem and one three-vheel 1% 7 .
(b) Tandem or three-vheel 5 8 .
T b
(¢) Tandem only 100 .
{a) Two tendem, ar one tandem end cue three-wheel 2 150 .
Totel agencies 25 T 1 ’ 6
L:
Minimum not spacified Yot spesitiod 5
(a) Tandem or three-wheel ot 1
(b) Tandem only . %

{c) Tendem, three-wheel or pneumatic
(d) Tandem, three-wheel amd pocumstic
{e) Taplem and three-wheel

y 8ix agencies have a requirement based on square yards placed pes hour
(£) Tandem or pneumatic rather than on tonnage These requirements vary from 200 to 500 sq. yus
(g) Type not specified

Total agencies

maxizum placement per roller-hour

mlwr-mw»-aw

TABLE 10-0

cerning density specifications and criter- SPECIFTED ROLLER SPEEDS

1a were unfortunately not sufficiently Tomber
specific to indicate the amount of infor- Specified Maximm Speed of Agencies
mation that was needed to completely
compare and analyze practice with re-

gard to layer density. Many of the re- 1.3 mph 2
phes that were received were therefore 1.7 mph 1
not sufficiently complete to permit a de-

tailed examination of them. Such sum- 1.8 mph 1
marization as was possible 1s presented 2 mph 1
in Table 10-p. It will be noted from the

table that, while the general range of 2.5 mph 1
density that 1s sought is, with a few ex- 3 mph 15
ceptions, relatively narrow, the actual

Lhmiting figures that are listed are quite Avold dasplacement 7
varied. Several different bases are also Not specafied 19
used 1n arriving at standard densities to

which the compacted-layer densities are Not reported 3
compared. Total agencies 50

For binder courses, 21 agencies re-
port that they specify relative-density re-
quirements. An additional 8 agencies report relative densities that they attempt to
meet, but which they do not specify. Of this total of 29 agencies, 11 relate the com-
pacted density to a voidless density calculated through the use of the apparent specific
gravity (ASTM) of the aggregates, 6 relate the compacted density to a voidless density
calculated through the use of the bulk specific gravity (ASTM) of the aggregates, one
uses density obtained by the Hubbard-Field laboratory procedure as a standard, and 3
use a density obtained by the Marshall procedure as a standard. Among the remaining
8 are 2 that report using other specific gravities of aggregates 1n determining voidless
density (surface dry and vacuum saturated), and 6 that did not report in such a way
that their standard could be classifted.

For surface courses, 25 agencies report specifying relative-density requirements.
E1ght others report having relative densities that they attempt to meet but do not spec-
ify. Of this total of 33 agencies, 13 relate compacted density to voidless density based
on the apparent specific gravity of the aggregates, 7 relate compacted density to void-
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less density based on the bulk specific gravity of the aggregates, 2 use a Hubbard-
Field density as standard, and 3 use a Marshall density as standard. Two others re-
port calculating voidless densities from other specific gravities of aggregates (surface
dry and vacuum saturated), and 6 could not be classified.

TABLE 10-p
DENSITY REQUIREMENTS FOR COMPACTED LAYERS

Relative Density Requirement

Binder Number Surface ~Rumber
Course of Course of
Percent Agencles Percent Agencies
Based on Voldless Density Using Apparent
Specific Gravity of Materials
1 1/2
85+ 1 (1) EJ/ g/ 85+ (1)J g/
90+ 1 (1) 90+ 3 (L)%
91-96 (1) 91-96 (2)
92+ 3 %R+ 3
94-98 1 92-96 1
95+ 1(1) 94-98 1
9T+ (1) 95+ 1 (1)
97+ (1)
Based on Voidless Density Using Bulk
Specific Gravity of Materials
88+ 1 QO+ 1
91-92 (1) 90-95 1
92+ 1 9l-92 (1)
95+ 3 92+ 1
B+ 3
Based on Hubbard-Field Laboratory Density
95+ 1 Sl 1
95+ 1
Based on Marshall Laboratory Density
95-99 1 95-99 1
3] 1 98 1
vVary with job 1 Vary with job 1
Miscellaneous, or Basis Not Reported
8 8
Not Specified
1h 13
Not Reported
7 "

:_L/ Numbers in parentheses indicate number of additional agencies reporting that
they desire, but do not specify, the indicated figures.

g/ One agency desires the 85+ percent for bituminous concrete placed on flexible
base, and 90+ percent for bituminous concrete placed on rigid base.
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TABLE 10-q
REQUIREMENTS FOR SURFACE SMOOTHNESS
Binder Course Surface Course

Maximum Variation No. of Agencies Meximum Variation No. of A_g_gcies
1/10 in. in 10 ft. 1 1/10 in. in 10 ft. 1
1/8 in. in 16 ft.é/ 1 1/8 ip. in 16 ft.i/ 2
1/8 in. in 10 ft. b 1/8 in. in 10 ft. 1h
1/16 in. per ft. 1 3/16 in. in 10 ft. 11
3/16 in. in 10 ft. 3 1/b4 in. in 20 ft. 1
1/k in, in 16 rt. L 1/4 in. in 16 ft. 5
1/4 in, in 12 ft,. 1 1/4 in. in 12 ft. 2
1/4 in. in 10 ft. 13 1/4 in. in 10 ft. u
3/8 in. in 10 ft. 2 Not reported 3
1/2 in. in 20 ft. 1

1/2 in. in 10 ft. 1

Not specified 1

Not reported T

y One agency specifies this degree of surface smoothness for bituminous concrete
Placed on rigid base, but permits up to 1/U-in. variation in 16 ft. for bitum-

inous concrete placed on flexible base,

Surface Smoothness

Thirty-two agencies reported on surface-smoothness requirements for binder
courses, and 47 reported on surface-smoothness requirements for surface courses.
The requirements are summarized 1n Table 10-q. For binder courses, maximum
allowable variations range from %, in. m 10 ft to Ya1n. in 10 ft. For surface courses,
maximum allowable variations range from Yo in. 1n 10 ft. to Yain. 1n 10 ft. A Y%-in.
maximum permissible variation 1in 10 ft is reported most fretluently for binder cours-
es (13 agencies), followed by % 1n. in 10 ft (4 agencies), and /4 1n. in 16 ft (4 agen-
cies). A maximum-variation requirement of % in. 1n 10 ft is reported most frequent-
ly for surface courses (14 agencies). Other requirements receiving frequent usage
for surface courses are %6 1n. in 10 ft (11 agencies), % in. in 10 ft (11 agencies), and
a in. in 16 ft (5 agencies).

EQUIPMENT REQUIREMENTS

The questions that were asked concerning equipment requirements were for the
most part limited to items where differences in practice were believed to exist. The
information that 1s reported 1s therefore not a detailed description of equipment used
1n preparing and placing bituminous-concrete mixtures.
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PREPARATION OF MATERIALS

Cold-Aggregate Bins

Thirty-five agencies reported on equipment generally used to convey aggregates to
the cold bins. Of the agencies using cranes and reporting on the specific type of buck-
et used, 16 reported using a clamshell bucket and 2 reported using a draghine bucket.
Twelve agencies use conveyor belts or elevators. * Other pieces of specific equipment
mentioned were bulldozers (2 agencies) and trucks (1 agency).

Reported requirements for cold-aggregate bins are outlined 1n Table 11-a. Fifteen
agencies reported on the mimnimum number of bin compartments specified where more
than one compartment is required. Nine of these specify 2 compartments and 6 spec-
ify 3 compartments. Eight agencies report specifying a minimum of one compartment
for each aggregate size, and it is presumed that the other agencies have a similar re-
quirement though it may not be stated specifically.

Requirements for cold-bin capacity, when included in specifications, are stated in
general terms (see Table 11-a). Of 16 agencies reporting a definite requirement, 12
require that the capacity be sufficient to supply the full capacity of the mixer or the
operating rate of the plant, 3 require that the bin capacity be not less than 3 times the
dead-load capacity of the mixer, and one requires that the bin capacity be in excess of
the mixer capacity.

Aggregate Feeders

Forty-three of the reporting agencies require the use of mechanical feeders for
conveying cold aggregate to the driers, and seven do not. However, at least two of
those that do not have such a requirement indicate that mechamcal feeders are used to
some extent. Compartment feeders are normally used by 27 agencies, combination
feeders by 10 agencies, individual feeders by 7 agencies, and reciprocating-gate feed-
ers by 2 agencies. Four agencies did not report.

Forty agencies report that their feeders are adjustable for proportional feed, two
reported that they are not adjustable, and eight agencies did not report. Thirty-six
report that their feeders are adjustable for total feed, one reports the feeder not to be
adjustable for total feed, and 13 agencies did not report.

Thirty-six agencies report having a general requirement that the feeder be such
that adequate control can be exercised, 7 agencies report having no specific require-
ment of this nature, and the remaining 7 agencies did not report.

Aggregate Screens
TABLE 11-b

Twenty-nine agencies reported on SCALPING-SCREEN USACE
scalping-screen openings as related to the -
maximum size of aggregate. Three agen- B e easte o&gﬁzles
cies report that they do not use scalping
screens, and 18 agencies did not report. 1/2-an. larger 2
Summarized information on this item ap-
pears in Table 11-b. Screen openings 1/4-an. lerger 7
will be seen to vary from aggregate size 1/8-1n. larger 12

to Y% in. larger than aggregate size.
Twelve agencies report that the screen

[

1/16 in. larger

DABLE 11-8 Same size 2
FOR COLD BINS
T Faber Womber—— —yamer— /8 - 1/h-in. larger 1
of G te of Agencles Ban Cspacity of Agencies
N N oopply fall copucty of 1/16 - 1/b-in. larger 2
6 mixer or plant rate 12
3 Not 1ess than 3 tines 1/16 - 1/8-in. larger 2
On ench aggregate size 8 dead load of mixer 3
Varies 1 In exceas of mixer capacity 1 Not used 3
Not specified 10 Not specafied T Not reported 18

Not reported 16 Not reported 27
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TABLE ll-c
REQUIREMENTS CONCERNING SCREENING EFFICIENCY WHERE OVERSIZE
AND UNDERSIZE MATERIALS ARE CONSIDERED SEPARATELY
Small Aggregate .,  ————) _ Large Aggregate
Bin No. 11j Bin No. 2 Bin No. 3 Bin No.
Maximum Maximum Maxinum  Maximum Maximum  Meximum Maximum
Agency O\rersizey Und.ersize_zj Qversize Undersize Oversize Undersize Oversize

percent percent percent percent percent percent percent
1 5 20 5 10 5
2 10 15 5 15 5
3 5 10 5 20 5
b 5 5 5 10 5 15 5
5 5 15 10 25 5 25 0
6 10 15 15 15 0
T 10 10 10 10 10

y The usual practice of designating as Bin No. 1 the bin containing the smallest
size of aggregate exclusive of mineral filler has been followed.

g/ Oversize and undersize determinations are based on tests with laboratory sieves.

openings are % in. larger than maximum aggregate size, and 7 agencies report that
the openings are % 1n. larger. No other single figures were reported as frequently.

Seventeen agencies have established definite requirements concerning screening
systems 1n an effort to control the size-separations of aggregate in the hot-bin com-
partments (sometimes called "screening efficiency”). Three different types of re-
quirement are used in attaining this control. These are:

1. Separate limitations on the amounts of material larger than and smaller than
the established nominal maximum and minimum sizes that will be permitted 1n a size-
group.

2. A limitation on the combined amounts of material larger than and smaller than
the established nominal maximum and minimum sizes that will be permitted in a size-
group.

3. A limitation on only the amount of material that is smaller than the established
minimum si1ze that will be permitted in a size-group (sometimes referred to as "car-
ry-over').

Table 11-c summarizes the requirements that have been established by the seven
agencies using the first type of requirement. As will be seen from the table, the max-
lmum amount of oversize permitted in the various s1ze-groups 1s either 5 or 10 per-
cent of the total material in the size-group for most agencies, with one agency per-
mitting as high as 15 percent for one size-group and two agencies permitting no over-
size matenrial in their coarsest size-groups.

Since the finest s1ze-group contains the finest aggregate permitted under the gener-
al gradation specifications (assuming that the gradation specifications are met), there
is no reason to place a limitation on undersize material to be contained in this size-
group. Undersize limitations for the other size-groups range from 5 to 25 percent of
the total material in the size-groups, with most agencies specifying either 10 or 15
percent.
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Five agencies used the second-named TABLE 11-4
method; that of limting the combined o citihiaisinkisin
amount of oversize and undersize mate- woimmRmberor  misder furfice o Dapacity e
rial to be contained 1n any size-group.
Four of these require that at least 85 2 L Supply plant-rate 32
percent of the material in a size-group 3 L Supply full copasity of
must meet the established minimum and * b Mot Less than thres tines
maximum sizes for the group, when test- =" =", deadcloot cmpactiy of
ed with laboratory sieves (85 percent ef-  wot rportea 53 Not Less then ten times
ficient). One of these has a further re- T e camRty of
quirement that at least 90 percent of the Six-ton mimmm copscity 1
material in the fine-size bin must pass Mo requiremeat 10
the No. 10 sieve. The fifth agency re- ot reported 1"

quires that 90 percent of the material in-
a size-group must meet the nominal size requirements for the group, except that at
least 95 percent of the material in the fine-size bin must pass the No. 10 sieve.

Four of the five agencies that limit only the undersize material in a size-group
separate their aggregates into only two s1zes, and place a limitation on the amount of
fine material that may be carried into the coarse-size bin. One of the four reports
that no carryover is allowed, one allows up to 8-percent carryover, and two allow up
to 10-percent carryover. The fifth agency allows up to 10 percent undersize in the
No. 2 bin (the No. 1 bin containing the finest-size aggregate), up to 15 percent under-
size in the No. 3 bin, and up to 20 percent undersize in the No. 4 bin.

Hot-Aggregate Bins

Either two, three or four compartments are required for separating the hot aggre-
gates into s1ze groups. As will be seen from Table 11-d, 7 agencies require at least
two compartments for binder-course material, 33 agencies require 3 compartments,
and 4 agencies require 4 compartments. Practice with regard to surface-course ma-
terial will be noted in the table to be almost identical. Six agencies did not report for
binder-course material, and four agencies did not report for surface-course material.

Capacity requirements for hot bins are also summarized in Table 11-d. Twelve
agencies require only that the bin capacity be sufficient to supply the plant-rate, 7 re-~
quire the bin capacity to be sufficient to supply the full capacity of the mixer, five re-

TABLE 1l-e

THERMOMETRIC BQUIPMENT FOR AGGREGATES
Minimum Number

of Instrument Requared
Type of Recording and Terminals Instrument
Instrument No. of Non-recording No. of Single Dual No. of Sensitavity No. of
Permitted Agencies  Instruments Agencies Drier Drier Agencies and Efficiency Agencies
Pyrometer and Recording in- Record 10° F. change
thermometer 43 strument re- in one minute 1
quired 25 1 2 11
Pyrometer only 5 Record 10° F. change
Non-recording 1 Dual not within 15 minutes 1
Not specified 2 instrument used 11
permitted 25 Record 25°F. change
1 1 6 within one minute 1
2 3 1 Record 10° F. variation 1
3 3 1 As darected 1
L 5 1 Not specified 22
Not specified 13 Not reported 2k

Not reported 6




quire that the capacity be three times the
dead-load capacity of the mixer, and one
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TABLE 11-f
REQUIRED CAPACITY OF TANK FOR BITUMINOUS MATERIAL

Nurber
of Agencies

requires a capacity of not less than ten
times the dead-load capacity of the mixer.
One agency sets six tons as a minimum

Tank Capacity Regulation

A . Sufficient for one day's run 20
capacity. Ten agencies have no require-
ment an d 1 4 dl d n Ot r eply Sufficient for con inuous operation 4
L .
In of plant operation 1
Thermometric Equipment for Aggregate Sufficient for ten-hour operation 1
The replies that were received to sev- 5 eal. 1
eral questions concerning thermometric 4,500 gal. 1
equipment for measuring the temperature 10,000 ga1. 1
of hot aggregate are summarized in Ta-
R Two tenks for truck delave: 1
ble 11-e. It will be noted that 43 agencies ° i
will permit the use of either a pyrometer ¥t reported 1
or thermometer, 5 require that a pyrom-  ¥ot specaried 19

eter only be used, and two do not specify.
Twenty-five of the 50 reporting agencies require that recording instruments be used,
while the other 25 permit the instruments to be non-recording.

Twenty-eight agencies use but one terminal on thermometric instruments when sin-
gle driers are used. Eleven of these require two terminals when dual driers are used,
but si1x do not. The remaining 11 do not use dual driers. Only three agencies appear
to require additional terminals to be placed in the bins. One agency requires one ad-
ditional terminal, one requires two additional terminals and one requires three addi~
tional terminals. This information is also summarized in Table 11-e¢.

Only four agencies indicate that they regulate within specific limits the sensitivity
and efficiency of the thermometric instruments. Data concerning this item are also
summarized in Table 11-e.

Storage Tank for Bituminous Material

Regulations concerning the capacity of the storage tank for bituminous material are
summarized in Table 11-f. Of the 30 agencies reporting on their requirement, 20 re-
port that they require only that the capacity be sufficient for one day's run. The vari-
ous requirements of the other ten may be seen by referring to Table 11-f. Nineteen
agencies reported that they do not specify a capacity for the tank for bituminous mate-
rial.

Thermometric Equipment for Bituminous Material

Forty-six of the reporting agencies indicate that a thermometer is used for meas-
uring the temperature of the bituminous material. Three of these indicate the addi-
tional use of a pyrometer, and three also indicate that a recording-type instrument is
used. Four agencies did not indicate the type of thermometric equipment that 1s used.

MIXING PLANTS

Forty-six of the reporting agencies permit the use of either batch-type or continu-
ous-type mixers. The remaining four reporting agencies require the use of batch-
type mixers. Twenty-three agencies use
the batch-type mixer more frequently,
and four use the continuous-type more fre-
quently. Twenty-three agencies use both

TABLE 11-g
USAGE OF BATCH-TYPE AND CONTINUOUS-TYFh MIXING PLANTS

Taber
s Laeeies  types with equal frequency. These data
Permit either batch-type or contimious-type mixers ™ are tabulated in Table 1 l-g.
Permit batch-type only 4 s
Use beteh-type more frequently s Batch-Type Mixing Plants
Use contimuous-type nare frequently 5 Aggregate Weighing Equipment
Use both types vith equal frequency 23

Information that was furnished by the
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TABLL 11-h reporting agencies concerning aggregate-
e N e ey T weighing equipment is tabulated in Table
Toee of Bomle Uo o e 03 Maimm foreramce ot pgemstes  11-h. As will be seen from the table,

thirty-seven agencies state that they use
0.5 percent, of Load either multiple-beam or springless-dial
Sprisgless dial oaly 7 scales. Seven use the springless-dial

0 k percent of maximum loed

1S

Multiple beam, spring- 0 5 percent of maximum load
less dial E14

-
=

1
Type uot inddested & Gk percent of load 3 scale only. Six agencies did not indicate
tam 1 the type used.
™ 2 Regarding the required accuracy of the
t20 . 2 aggregate scales (see Table 11-h), 16
+50 1 1 agencies report that they require an accur-
Based on scale grafustion 2 acy within 0. 5 percent of the maximum
other 2 load to be carried, and 14 report that they
Approved 2 require an accuracy within 0.5 percent of
hot, speciricd . the load carried. Considerable variation
Hot regorted 2 occurs 1n the practice reported by other
agencies, as will be seen from the table.
MEASURING BITUMINOUS mﬁ:ll-:] BATCH-TYFE PLANTS
Voo — T o — — T mmewm—m—w—  Measuring Equipment for Bituminous
Measurement ies Scales ised Agencies Bucket G 11 ies M at e ri al
gt 0 Bm NSk Cen b Data regarding the measuring equip-
Hweignt 5 sprioglessdial 6 1 pet of mixer . ment for bituminous material in batch-
Bean 1 et ormteer type plants are summarized in Table 11-1.
Spring-type 1 capactty 2 All agencies have plants operating using
Srrisglems dial 5oL oy meer : the weight method of measurement, and
fype not seported 26 20 pot of mixer 25 have plants in which the bituminous
sapacity 3 material 1s metered by volume.
B ety T N Regarding the type of scales used, 15
10-20 pet of mixer report using either beam or springless-
1;::“:’[ S * dial scales, 6 report using the springless-
w 2 dial type only, one reports using a beam

20 pet  of aggregate
wt

scale only, and two report using other
types (see Table 11-i). Twenty-six agen-

3
sufficlent, sdequate,
ete

7 cies did not report on scale type.
Wot. specafued 16 Twenty agencies reported specific re-
Not reported [

quirements regarding the weigh-bucket
capacity for bituminous material. These
requirements range from 10 percent to 25 percent of the mixer capacity, and from 10
to 20 percent of the aggregate weight. As will be seen from Table 11-i practice 1s
well divided through these ranges. Seven agencies require that the capacity be suffi-
cient, adequate, etc., 16 reported that they have no specification requirement, and 7
did not report.

Batch-Type Mixers

A number of questions were asked concerning specification requirements for, and
usage of, batch-type mixers. Several of the questions were concerned with detailed
items which many agencies appear not to cover directly in their specifications. Such
replies as were received are summarized in Table 11-j, and are discussed 1n the fol-
lowing paragraphs.

Forty-seven of the reporting agencies use twin-shaft mixers exclusively. Only two
report that some use is made of rotary-drum mixers 1n addition to the twin-shaft mixer.

Regarding permissible minimum mixer capacity, a variety of replies were received
(see table). Of 25 agencies that report having a minimum capacity requirement
(that1s, inpounds per batch), 16 have set a 2,000-1b minimum, 4 have a 1,500-1b mini-
mum, 4 have a 1,000 Ib minimum, and 1 agency has a 750-1b minimum. Such other
capacity requirements as were reported will be seen by referring to the table. Fifteen
agencies report that they do not specify a minimum capacity, and four did not report.




TABLE 11-)

USAGE AND REQUIREMENTS-BATCH-TYPE MIXERS
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Type of Number Permissible Number  Mixer-Blade Number Maximum Number
Mixer of Minimum of Rotation of Allowable of
Normally Used Agencies Mixer Capacity Agencies Rate encies Blade Clearance Agencies
inches
Twvin shaft 47 750 1bs. 1
Lo 1 1/2 1
Rotary drum or 1000 1bs. N
twin shaft 2 Lo-60 1 3/h 18
1500 1bs, b
Not reported 1 56 1 1 2
2000 1bs. 16
55-15 1 1-1 1/2
300 ton/8 hrs. 1
58-60 1 2 8
52 cu. ft. 1
60+ 2 Not specified 1k
Rated capacity 2
T70-90 2 Not reported 6
1/2 rated capacity 1
Mfgr's. rate 3
Depends on job 1
For uniform
Not specafied 15 mix, etc. 2
Not reported 4 Not reported 36
-
Number Specified Minimum Numbex
Time Lock of Agencies Lock Interval of Agencies
seconds
Use time lock 26 2 1
Do not use time 5 10
lock 2k
10 1
15 1
Not specified 6
Not reported 31
TABLE 11-k
USAGE AND REQUIREMENTS-CONTINUOUS-TYPE MIXERS
Type of Number  Usual Mexi-  Number Angular Adjust- Number — Paddles Required Number Minimum Allow- Number
Mixer of mun Rate of of ment Requared of Capable of of able Capacity of of

Normally Used Agencies Production Agencies for Paddles Agencies

Reverse Motion Agencies Discharge Hopper Agencies

tons per hour 1bs.
Angular adjust- Reverse motion
Twin pugmll 4 Lo 1 ment required Lo required 27 2000 5
Twan or single 50 2 Angular adjustment Reverse motion 1000 1
pugnill 2 not required 2 not required 15
120 4 One batch 1
Not reported 3 Not reported 4  Not reported y
125 1 Not specified 27
Type not used b Type not used 4 Type not used I
160 1 Not reported 12
80 mn. 1 Type not used 4
40-120 1
80-100 1
Not reported 34

Type not used L4
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Only nine agencies reported on the rotation rates of the mixer blades of the mixers

used on their construction projects. Reported rates vary from 40 to 90 rpm (see table).

Thirty agencies reported on their specifications regarding mixer-blade clearance.
Fourteen agencies report that they have no specifications regarding this particular
item, and six did not report. Of the 30 agencies reporting a specification, 18 have es-
tablished % 1n. as a maximum clearance, and 8 have established 2 1n. Maximum
clearances permitted by the remaining four agencies will be seen by referring to Ta-
ble 11-j.

Twenty-six of the 50 reporting agencies report that a time lock is used on their
mixers. The remaimng 24 do not use a time lock. Thirteen of the agencies report
that they have specifications covering a minimum lock interval. Ten of these have set
a munimum 1nterval of 5 seconds, 1 requires 2 seconds, 1 requires 10 seconds, and 1
requires 15 seconds.

Continuous-Type Mixing Plants

Continuous-Type Mixers

Several questions similar to those that were asked concerning batch-type mixers
were asked concerning continuous-type mixers. The replies are summarized in Table
11-k, and are discussed 1n the following paragraphs.

Of the 46 agencies using continuous mixers, 41 report that usage 1s confined to the
twin-pugmill mixer. Two agencies report that they use a single-pugmill mixer in addi-
tion, and three agencies did not report.

Only twelve agencies reported on the usual maximum rate of production. Reported
rates vary from 40 to 160 tons per hour. Four agencies report a maximum rate of
120 tons per hour, and, as will be seen from the table, the rates reported by the other
agencies are well distributed through the range of 40 to 160.

Of 42 agencies reporting concerning a requirement for angular adjustment of the
mixer paddles, 40 report that they require the paddles to be capable of angular adjust-
ment, and two report that angular adjustment is not required.

Of 42 agencies reporting concerning a requirement that the paddles be capable of
reverse motion, 27 report that this is required. The remaining 15 report that reverse
motion 1s not required.

Only six of the 46 agencies using continuous mixers report that they specify a min-
imum allowable capacity for the discharge hopper of the pugmill. Five of these re-
quire a mimmum capacity of 2,000 1b of mixture, and one requires a minimum capacity
of 1,000 1Ib.

TRANSPORTATION

Forty-one of the 50 reporting agencies state that a cover for the mater:al 1s re-
quired during transportation from the mixing plant to the road-site. Six additional
agencies indicate that a cover 1s used when one is considered to be needed, particu-
larly in cool weather. Only three agencies report that no cover is required. Of the
agencies answering the question as to the type of cover specified, all indicate the use
of a cloth cover. Such terms as "canvas," "waterproof canvas," and "tarpaulin' were
used, but 1t is believed that all refer to the same type of material. One agency ind1-
cates permitting the use of heavy paper as well as canvas.

Only seven agencies indicate that they require regular use of body insulation on
trucks transporting bituminous-concrete

mixtures. Seven additional agencies in- T:':::;:m —

dicate that insulation 1s required occa- e TR —Us 5T LT ST B e —
sionally, particularly in cool weather or gide Foms of Agencies ing Device of Agencies  Heater  of Agencies
during long hauls. Only two agencies re-  w:um us Used R used ¥
ported on the type of insulation specified;  seqire 2 Yot used 15 ot requred 2
one requiring wood and the other g,elotex. Optiansl e optionml 1 Hot specified 1
Two agencies report requiring a /a-in, Not reported 1 Not reported 3 Not ruported e

thickness of insulation without mentioning
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‘TABLE 11-m .
o RS ron - Y type, and one agency reports requiring a

— e —wwa—  /e-in. thickness without mentioning type.

jpec er
We: Limt of cies ss1on Weight of cies

T3 b per in
Tanden reles wadth SPREADING AND FINISHING MACHINE
h— Tandem
s : . 7 A very limited number of questions
[ 1 200+ 5 ry
610 1 200-250 1 were asked concerning spreading and fin-
7 1 250 6 . s P :
e y 0 H 1shing machines. The information that
B ? o i was received is summarized in Table 11-1.
Gaz 4 » 2 In reply to a question as to whether side
el v Nor oented 3 forms are used, two report that they are
ot apeca£iod H Three Whoe required, and two report that the use of
Yot reported * 20 7 side forms 1s optional. Concerning the
Three Vieel 2o % use of a leveling device to compensate
- 2 2 14 s
§:§3 i %ﬁm 1 for irregularities in the surface upon
8-10 2 30 1 which the bituminous material 1s being
8.12 5 310-350 1
o ® = 2 placed, 31 agencies report the use of such
T 2 50 epectisa 3 a device, 15 report that such a device 1s
oy mpecatied ¢ Hot reported 3 not used, and 1 reports that the use of

— Pewmatic such a device is optional. Regarding the
20 use of screed heaters, 45 agencies report

325
Not specified

R
FR

10-24 that a screed heater is used, and 3 agen-
ot mpecified Tse-dle Tonten cies report that the use of a screed heater
Tiwee-Arle Tanden is either not required or not specified.

1e.19 1
16-21 1

COMPACTING ROLLERS

Requirements concerning roller types
were previously discussed, and summary information was reported in Table 10-1. In-
formation on specified weight limits for rollers, and specified compression weights,
is now summarized in Table 11-m. An inspection of the table will show that, except
for three-axle tandem rollers, most agencies require total weights of from 8 to 12 tons,
with a scattering of agencies permitting rollers weighing as little as 5 tons and as
much as 14 tons. Of two agencies specifying total weights for three-axle tandem roll-~
ers, one specifies a range of from 12 to 19 tons, and the other a range of from 16 to
2] tons. Specified compression weights of from 200 to 250 1b per 1n. of roller width
are usually required, with a few requiring somewhat higher compression weights.

One permits a compression weight of up to 400 1b per in. of roller width.

y Summary informatiocn on roller-type requirements is presented in Teble 10-1.

TESTS OF MIXTURES

The cooperating agencies were asked to report on the various tests that are made
on samples taken from regularly-produced paving mixtures. They were also asked to
indicate which tests are performed 1n field laboratories, and which are performed 1n
central laboratories; and which are made on samples taken from trucks or at discharge
from the mixer, and which are made on samples taken from the compacted pavement.

Of 40 agencies reporting on the frequency with which samples are taken from the
compacted pavement to determine n-place density, at least eighteen indicate that they
take about one sample a day minimum. One agency reports taking two per day, and
another four per day. One agency reports taking one every other day. Several other
agencies reporting on a tonnage or sq yd basis indicate a similar frequency of samp-
ling. Five agencies report that samples are taken rarely, occasionally, etc., and two
report that sampling frequency 1s at the Engineer's discretion. Only four agencies re-
port that samples are not taken from the compacted pavement. Hand tools, core drills,
air hammers, and saws are most frequently used for the removal of samples from the
compacted pavement.

TESTS IN FIELD LABORATORY
The information thut was received regarding tests made in field laboratories on
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TABLE 12-a

TESTS PERFORMED IN FIELD LABORATORY ON SAMFLES OF

PLANT-PREPARED BITUMINOUS-CONCRETE MIXTURES

Total Number TNumber of Agencies Malkang Test
of Agencies 1n F1eld Leboraiory on Sample of:
Test Meking Test 1n Loose Compacted
Field Laboratory Mixture Pavement Undetermined

Gradation 46 38 16 1
Extraction 35 26 1k 2
Density y 29 5 28 0
Marshall 8 5 2 1
Hubbard-Field 1 1 o] 0
Thickness 2 o] 2 (o]
Moirsture Content 1 1 0 (o]
Compeaction 1 1 0 0

y Many agencies calculate the theoretical void content following the determination of density of samples

from the compacted pavement.

TABLE 12-b

TESTS PERFORMED IN CENTRAL LABORATORY ON SAMPLES OF
PLANT-PREPARED BITUMINOUS-CONCRETE MIXTURES

Total Number Munber of Agencies Meking Test
of Agencies in Central Laboratory on Sample of:
Test Making Test in Loose Compacted
Central Laboratory Mixture Pavement Undetermined
Gradation 36 30 16 (¢}
Extraction L5 37 19 1
Density y 29 T 28 0
Marshall 12 9 b o]
Hveem Stabilometer 8 6 3 0
Hubbard-Field 5 3 2 [¢]
Triaxial Compression 2 1 1 0
Unconfined Compression 2 (4] o] 2
Hveem Cohesiometer 2 2 ] 0
Abson Recovery 4 1 I 0
Swell 2 1 1 o]
Thickness 4 0 L 0
Moisture Content 1 1 0 (o]
Compaction 1 1 (o] 0

y Many agencies calculate the theoretical void content following the determination of density of

samples from the compacted pavement.




65

mixture samples is summarized in Table 12-a. It will be noted from the table that
tests most frequently made on samples of loose material and also on samples of the
compacted pavement are gradation, extraction, and density tests. Forty-six agencies
indicate that gradation tests are made in a field laboratory, 35 indicate that extraction
tests are made in the field, and 29 indicate that density tests are made in the field.

As would be expected, gradation and extraction tests are more frequently made on
samples taken from the loose mixture rather than from the compacted pavement.
Twenty-eight of the 29 agencies making density tests determine the density of speci-
mens taken from the compacted pavement. Four of these also conduct density (or com-
paction) tests on samples taken from the loose mixture. One agency makes density
(compaction) tests only of samples taken from the loose mixture. Add:itional details
of practice will be seen by referring to Table 12-a.

TESTS IN CENTRAL LABORATORY

Table 12-b contains data similar to that contained in Table 12-a, except that the
data relate to tests performed 1n the central laboratory. Fewer agencies perform
gradation tests on field-obtained samples 1n the central laboratory than perform these
tests 1n the field laboratory (36 as compared with 46). A greater number perform ex-
traction tests 1n the central laboratory (45 as compared with 35). An equal number
(29) perform density tests in the central laboratory and 1n the field.

The Marshall and Hubbard-Field tests are made much more frequently in the cen-
tral laboratory, and the Hveem, triaxial, and unconfined compression tests are made
only in the central laboratory. Details regarding the number of agencies performing
these and other tests of samples obtained 1n the field will be found 1n Table 12-b.

A further comparison of practice regarding central and field laboratory testing of
field-obtained samples 1s presented in Table 12-~¢ for the three principal tests. It will
be seen that the gradation test 1s used by all but one of the 50 reporting agencies, and
that samples are tested in both field and central laboratories by 33 of the agencies.
Thirteen of the agencies use the gradation test in the field only, and 3 use the test 1n
the central laboratory only. It will also be seen from the table that all agencies make
use of the extraction test, 30 using the test in both field and central laboratories.
Five agencies use the test in the field only, and 15 use the test in the central labora-
tory only. Continuing to refer to Table 12-c, it will be seen that 40 of the 50 report-
Ing agencies make use of the density test on field-obtained samples. Seventeen use
the test in both field and central laboratories, 11 use the test 1n the field only, and 12
use the test in the central laboratory only.

Appendix 1
PRIME COAT

Questionnaire returns indicate that all but two of the reporting agencies apply a
coating of asphalt or tar to the base that 1s to receive the asphaltic concrete. The
term "prime coat” 1s applied to this coating most frequently when a granular base 1s
involved and some penetration is expected. The term "tack coat” is frequently used
when the bituminous material 1s applied to a concrete base. The term "bond coat" is
also sometimes used. Terminology 1s not consistent; and since the term "prime coat"
was the only one used on the question-

naires some of those who filled in the re- TABLE Love
plies may have met with some difficulty o o ToSARDIIG PRINCINL TESTS
1n understanding the answers that were FIELD AID cmmm':m:““:i N _
s . €]
desired. However, 1t is not believed that B e

the confusion was sufficient to seriously

Test made in field laboratory only 13 S 11

affect the reliability of the answers. Test, rade 1n ceatral 1aboratory caly s 5 1
The more important features of the re- Test made an both field and central

turns are summarized and discussed 1n Leboratortes 33 » 17

the paragraphs which follow. Details of Test not used 1 N 10

the replies that were received are tabu-
lated in Appendix Table 13. Zoted samncies reportane ol * *
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BITUMINOUS MATERIAL TR 13

TYPES AND GRADES OF BITUMINOUS MATERIAL NORMALLY USED
FOR FRIME COAT OF BASE ON WHICH IS PLACED BYTUMINOUS CONCRETE

The reporting agencies were asked to

list the grades of asphalt and tar that they = simsowmew  ooriociedes " Gonipa s e o S T aa hase
use for priming bases upon which 1s to be pe R asphale 1 o
placed bituminous concrete, and to indi- Ro-L s H
cate the type and grade of material that Re-3 Z ¢

is normally used on flexible base, and on 1C asphalt o N
rigid base. Forty-eight of the agencies Grade ::13 2 3
make at least some use of asphalt, and - ’ t

20 make at least some use of tar. Two T i

agencies do not use a prime coat. A sum- pmusited sps 1 9
mary of the information that was fur- ;?; i
nished by the agencies concerning the A= 1 !
specific types and grades of asphalts and ¥e-2 :
tars normally used is presented in Table e e R H

13-a. It will be noted from the table that B3 3

Type MC and Type RC asphalts are used - N t

most frequently on flexible bases (Type B0 Aephels praser (om0 b ' *
MC by 21 and Type RC by 7 of 30 report-  motal agencies reportiog » a
ing agencies). Type RC and emulsified Meencien reporting normal wee of

asphalts are the types most frequently materaal 9 S

used on rigid bases (Type RC by 20 and Y/ Remembles Type xC

emulsified asphalts by 9 of 27 reporting

agencies). Individual grades of asphalt used most frequently are Grades MC-1 and
MC-0 for flexible bases (by 12 and 8 agencies respectively), and Grades RC-1 and
RC-0 for rigid bases (by 9 and 7 agencies respectively).

Agencies using tar as a prime-coat material confine 1ts use almost wholly to flexi-
ble base (one exception). For agencies reporting on the grade of tar used (only five
reported grade), three use RT-2, three use RT-3 and two use RT-1. All of this usage
is on flexible base.

Specifications controlling the characteristics of the various grades of bituminous
material are, for most of the reporting agencies, identical with specifications recom-
mended by the AASHO. The few variations that do occur are mostly of a minor nature.
Where a spot requirement is listed by the AASHO as optional, ten agencies report def-
itely that they do not have a spot-test requirement. Twelve agencies indicate that a
negative spot is required when the test is made with standard naphtha solvent; five in-
dicate that a negative spot 1s required with 35 percent heptane xylene solvent; three
require a negative spot with 15 percent naphtha xylene solvent; and two require a neg-
ative spot with 10 percent nephtha xylene solvent.

CONSTRUCTION PRACTICE
Application Rate

Forty-three agencies reported on the unit quantities of bituminous material applied
to flexible bases. The over-all limits of application reported range from 0. 10 to 0. 60
gal per sq yd. Only 14 percent of the agencies indicate that applications of less than
0. 15 or more than 0. 50 gal per sq yd are made.

Thirty-six agencies reported on the unit quantities of bituminous material apphed
to rigid bases. The over-all limits of application reported range from 0.02 to 0.50 (?)
gal per sq yd. Only 19 percent of the agencies indicate that applications of less than
0. 03 or more than 0. 15 gal per sq yd are made.

A tachometer is used by all but one of the reporting agencies in determining the
rate of application of the bituminous material. The agency not using a tachometer re-
ports that distances through which the distributor is to travel are measured and that
this measurement is used in determining the rate of application. Two of the agencies
using a tachometer also report the use of a synchronizer.
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A question was asked concerning the temperature at which bituminous priming ma-
terials are applied, but space was not provided on the questionnaires for indicating
the grades of material to which the reported application temperatures applied. The
variety of answers that were received seem to indicate that the method of replying to

this question was not uniform,

S0 no summary has been made of the information that

was received. Over-all, the reported material temperatures at application vary from
50 F to 225 F. About one-third of the 37 agencies reporting application temperatures
indicated temperatures that can be reached in normal summer weather without heating.
The remainder indicated temperatures likely to be reached only through heating. As
would be expected, the agencies using the higher grades of asphalt reported the higher

application temperatures.

Curing Period

Only 16 of 41 agencies specify a fixed minimum curing period. The remainder
either do not specify a curing period, or include in their specifications a general state-
ment that curing shall be continued until the prime is "properly cured," "tacky,"
"blotted," etc. Of the 16 agencies specifying a fixed minimum curing period, 8 speci-

fy a mimimum period of 25 hr.
days.

Other minimum periods reported vary from 1 hr to 7

Appendix 11
THICKNESS OF PAVEMENTS SURFACED WITH BITUMINOUS CONCRETE

In an effort to assemble some information on the thicknesses of flexible pavement
that the reporting agencies would be likely to use under the conditions that prevail in
the area of the Test Road, they were asked to indicate the thicknesses of the various
pavement components that they would be likely to use 1if they were to design a pavement
for the area. The natural soil was listed as an A-6 soil, the average annual rainfall
was stated to be 32 in., and the average annual frost penetration was listed at 28 in.

Agencies were asked to indicate the meth-
od of flexible pavement design that they
use, and whether or not the character of
the subgrade soil is taken into considera-
tion in their method of design. They were
also asked to furnish designs for medium
and heavy traffic, providing their methods
took traffic into consideration.

Design Methods

Since it was desired that the reporting
agencies indicate the thicknesses of pave-
ment they would be likely to use under the
conditions of the area of the Test Road,
it was also considered desirable to obtain
general information on the method by
which they arrive at pavement thickness.
However, it was considered beyond the
scope of the questionnaires to cover
thoroughly the broad and complex subject
of thickness design, and as a consequence,
the information that was obtained 1s very
limited and 1n some 1nstances probably
not very precise.

In Table 14-a are summarized the re-
plies that were received concerning the

TABLE 1%-a

SUITARY OF REPORTED VETHODS OF DLSIG
OF FLEXIBLE PAVEMENT THICKNESS

“me’!‘ IIEET
Des1gn Method of Agencies DUSEQ Metbod of Agoncies
Past experience HRB Group Index, treffic,
raanfall, and drainage 1
HRB Boll Classification
Traffic, rainfall, gredation,
CER (modafied) and Atterovrg linits of

base and subbase material
CER
Treffic epd bearing velue
Hveem Stability Test

1
1
Triaxial 1
Volume and type of traflic
Triaxiel-modified Hveem 1
Californie liethod
Traffic volume and soil type 1
Colorado Method
Cracation end plate .earing
ato

L i T U VN W Y TP

Hveem Method test 1
Kensas Triaxial Method Raticoal detirmination 1
North Dakota Method

Total he

P I of subgrade soil and

anount of minus No 200

s1evy matorial 1
CER and frost penetration 1
CBR .nd HRB Soll Class 1

CER (modified) and Hveem
Stability Test 1

Xy (CER) end Olo (HRB)
design curves

HRB Soil Class, traffic,
drainnge epd frost
penetration 1

HRB Soil Class and traffic 1

Soil profile and estimated
stability of foundstion 1
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method used to determine the thickness of flexible pavements. It will be seen that the
replies vary widely, and that many were not sufficiently complete to indicate the over-
all design procedure. For example, a number of agencies indicate only a physical test
that is used as part of the design procedure. However, there is a definite indication
that most agencies attempt to evaluate one or more of the conditions that must be sat-
isfied before the pavement structure can be expected to serve adequately, and to vary
the thickness accordingly.

Subgrade Character in Design

The agencies were asked to indicate the manner in which subgrade soil character-
1stics are taken 1into consideration in their designs for pavement thickness. Replies
that were received are summarized in Table 14-b. It will again be seen that there
was a considerable variation 1n the methods of replying to the question and that the in-
formation that was received 1s not complete. However, 1t is evident that almost all
agencies give consideration to subgrade conditions and the character of the subgrade
so1l 1n selecting pavement thickness.

Pavement Thickness

As mentioned previously, the reporting agencies were asked to determine the total
pavement thickness and also the thickness of the individual components that their de-
sign procedures would indicate to be satisfactory under the following conditions:

Subgrade soi1l class A-6
Average annual rainfall 32 in.
Average annual frost penetration 28 1n.

Designs were to be furnished for pavements consisting of bituminous concrete placed

on both flexible (granular) and rigid bases overlying granular subbases. The agencies
using design procedures that take traffic into account were asked to furnish designs for
"medium" and "heavy" traffic. Twenty-seven agencies furnished complete thickness
designs for heavy-traffic flexible pavement,
28 for medium-traffic, and 10 for flexible
pavement without differentiating as to traffic.

TABLE lh-¢

TABLE 1%4-b

SUMLARY OF REPORTED USE OF SUBGRADE SOIL CHARACTERISTICS
T, DETCRUGING THE THICK'ESS OF FLEXIELE PAVEMENTS

— Tumper Thaber
Characturastics Eveluated o 2 encies craracteristics Evaluated o Agencies

SMRYW'XOMLPAVKK-TMMLM‘{TOBEM

HRB Soil Claas 5 WY mveen stobllowster tost BY THE HEPORTILG AGEICILS UNDER THE FOLLOWIG CONDITIONS

- () valuc and swll pressure 1
CER d Granular subbase and basc, bitumncus ccacrete surfacc
5 CER (modified), Hveem stabil- Subgrade soll clasa A
Subgrad. soll tspe 3 caeter test velue, and Aversge smmual rainfall 3 an
frost reaction 1 Average anmual frost penctration & 1n
Bearang value or sbility 3
{e) =/ Past expuriencc 1
Subgrade soil craracteristics 2 Tof Inicinesa
Ro Traffic Heavy-Traffic ffedium-Tratfic
O Cro, Index 2 Totol 4o pifferentistion Pavencnt Paverent
inches Tnchcs be.
Draabilily e
5-18 8-18 5-18
#Ru Scil Class apa CER ] ! [ 7
Ja1 a3 1281
Hot evaluated e ¥ 5 u 33-36‘
W2t - 9
PI and amount of mims 16 123 9 (2)
To 00 si.ve caterial 1 13 () . ;L.g;lk ,
25, -2l 2-15
Shea:ing resistance ond 22, 1;‘(4)‘ 1 (2)
expansise eraracteristics 1 17,-23} 1110
e wi-al
CER (modafied) 1 1819 15%161°
Tiveem , cthod 1 P b}
e . 20 10\,
208 18
Modulus of detormatacn 20828 185-23'
Prom triaxial test 1 a8 19 (
" 2 (2) 193-25) (2)
l‘echanical analysi. and a’(.
platc-bearing va.ue 1 271-39 21-47
28 2L~
Sovx.:ltyp_srd + Dax conc 1(1) 28! 533
ue 29
Stabaloeter value and silt 3351_38

contunt

overall range 8-39 in
Average 21 5 in
Total agencies 2f

Overall range 5-3. in
Average 16 9 in
Total agencles ou

Overall 5-27 in
Average 16 ﬁ in
Total agencies 10

Shear strensth b, triaxial
test 1
rs in parintheses cate il er agencies stating varie-

410us &r. mado in cnly the subbese thickness as a result of the evaluation
of subrrade soll characteristics

5/ On. aency states that both bare and subbase thicess are varied on the
basis of the evaluation of subgrade soil characteristics

1/ only & few reported identical th: or thickness rar,es
Where the same tiguresvere reported by more than ane agency, the number
of agencies 1s indicated by the fagure in parantbeses following the
thickness value
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TABLE 1h-d

Only 11 agencies furnished complete

thickness designs for rigid-base pavement. B e T o UED
Total Thickness-Flexible Base. The Bitumineus concrete surface
total-thickness figures that were report- Iveroge stmual raungall P
ed for the flexible-base pavement are “"“T’:"mm“ﬂ“ il
summarized 1n Table 14-c. It will be e e on eary-Frattle Fellm Trattie
noted that almost as many different thick- anches . snoncs  inches
ness figures were reported as there were 0-13 06 9 () ol 9
agencies reporting. The figures for total P ol o e
6 (2) 313 12 (2) 0-18 22-14
thickness that were reported range from 618 1 1218 3 1215
5+ 1e-20 i-6 ey
5 to 27 1n. for the agencies that do not L by, 1 5 1
make a distinction on the basis of traffic; I- 4, o -4
from 8 to 39 1n. for heavy-traffic pave- b2 )
ments; and from 5 to 38’4 1n. for med- -3 -
ium-traffic pavements for agencies that Overall range 0-18 tn Overall rangs 0-36 in Overall remge G-h in
take traffic into consideration 1n their de-  faesenses n oo neten 26 e %
s1gn procedures. About three-quarters W
of the agencies reporting thickness de- 2 () 2, 2(2) 610
signs without considering traffic listed . g-%a) 8w iy
figures within the limits of 11% and 19 mn.; %, M % 0] w00
about three-quarters of those reporting e e ?{é) 5
for heavy-traffic pavements listed figures 6B A
within the limits of 14 and 29 . ; and verage 5 b ity R it Tt
Total agencies 12 Total agencies 30 Total agencies 29

about three-quarters of those reporting
for medium-traffic pavements listed fig- Vhare more. than tee agency seported Lecrieal sicinssase, the manbor of
ures within the himits of 9 and 25% 1n. Sgencies Yeporiang SppeArs i porentheses Tolioving T thicimess figure

It is not believed that the wide variation 1n thickness as determined by the different
design procedures 1n use is attributable entirely to differences 1n the procedures. It
1s known, for example, that the information that was given concerning the subgrade
so1l was insufficient for many agencies (although 1t was all that was available at the
time), and additional assumptions had to be made before many of the design procedures
could be applied. Additional assumptions would be expected to cause a spread in the
results. Other assumptions that were necessary, such as a more precise defining of
the terms "heavy traffic" and "medium traffic," and perhaps in some nstances the
extrapolation 1n procedures not developed to cover the specified conditions of rainfall
and frost, could be expected to cause further variation in results. The fact that many
of the agencies chose to report ranges in thickness rather than a specific thickness is
a good 1ndication that they considered the information that was given as being insuffi-
cient for designing by their procedures.

A comparison of the ratios of the bituminous concrete surfacing to the total thick-
ness for each agency did not indicate that the thickness of the surfacing had any con-
sistent influence on total thickness.

Granular Subbase and Base Thickness. The granular subbase and base thicknesses
determined by the reporting agencies for use with a bituminous-concrete surfacing
under the conditions of soil, climate and traffic that have previously been listed are
summarized in Table 14-d. It will be noted that here again the thicknesses determined
by the different procedures used by the reporting agencies vary considerably. The
agencies are, however, 1n better agreement on base thickness than on either subbase
thickness or total pavement thickness.

The reported subbase thicknesses range from 0 to 18 in. and average 8.3 1n. where
no differentiation i1s made as to traffic. For heavy-traffic pavements, the reported
subbase thicknesses range from 0 to 36 in. and average 11. 8 m. For medium-traffic
pavements, the reported subbase thicknesses range from 0 to 24 1n. and average 9. 8 in.

Reported base thicknesses range from 2 to 10 in. and average 5. 4 where no differ-
entiation is made as to traffic. For heavy-traffic pavements, the base thicknesses
range from 2 to 24 1n. and average 8.0 in. For medium traffic pavements, reported
thicknesses range from 2 to 18 in. and average 6.4 1n.

Bituminous-Concrete Thickness (Flexible Base). Much better agreement prevails
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among the reporting agencies as to the thickness of bituminous concrete that should

be used under the conditions of soil, traffic and climate that were specified. This will

be seen from an inspection of Table 14-e where the reported data are summarized.
Reported total thicknesses for the bituminous surfacing range from 2% to 5% 1n.

TABLE lh-e

SUMMARY OF BITUMINOUS CONCRETE THICKNESSES LIKELY TO BE USED
BY THE REPORTING AGENCIES UNDER THE FOLLOWING CONDITIONS

Bituminous concrete surface, granuler base and subbase
Subgrade soil class A-6

Average annual rainfall 32 in.

Average annual frost penetration 28 in.

Thickness Reported L/

No Traffic Heavy-Traffic Medium-Traffic
Differentiation Pavements Pavements
TOTAL THICKNESS OF BITUMINOUS CONCRETE
inches inches inches
2— (3) 1 1-3
2f-31 2 (2) 2 (5)
3,(2) 2 (5) 24 (9)
3% 2z-3 3.(9)
k() 3, (1) %
% 3% 3z (2)
3z 32-5%
In
L3
5
Overall range 2%-5% in. Overall range 1-5 in. Overall range 1-5% in.
Averege 3.5 in. Average 3.0 in. Average 2.7 in.
Total agencies 12 Total agencies 28 Total agencies 29
THICKNESS OF BINDER COURSE 2/ -
1-1% 1 0-2
¥ 1 (2) 1 (2)
1z (3) 15 (9) l- (3)
2 (3) 157 1t (9)
25 (2) 1 3/ 13 i
b 2 (6) 2 (5)
3 2-b
3.L
Overall range l-k in. 0vera.ll range 1- 3— in. Overall range 1-4
Average 2.0 in. Average 1.8 in. Average 1.6
Total agencies Total agencies 22 Total agencies 22 |
THICKNESS OF SURFACE COURSE 2/ o
1 1 (5) L (8))
l 13 1 (5
1? 6) 3 (v) 1 )
1—-2 1
2 (2) 11 (20) ‘
Overall range 1-2 in. 0vera.11 range 1-2 in. Overall range l-l—é— in. |
Average 1.6 in. Average 1.4 in, Average 1.3 in. |
Total agencies 11 Total agencies 22 Total agencies 22 |

1/ Many of the thicknesses that are listed were reported by omnly one agency.
Where more than one agency reported identicel thicknesses, the number of |
agencies reporting appears in parentheses following the thickness figure. |
1
|

g/ The binder-course and surface-course thicknesses that are listed are for the
agencies that reported thicknesses for both. Six agencies reported surface
thickness only, and these are tabulated as total thickness.
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and average 3. 5 1n. where no differentiation is made as to traffic. For heavy-traffic
pavements the range is from 1 to 5 in. and the average 3.0 in. ; and for medium-traffic
pavements the range is from 1 to 5% in. and the average is 2,7 in. The over-all ran-
ges are relatively great. However, an inspection of the table will show that a majority
of the agencies suggest thicknesses within the range of 2% to 3 in. , regardless of traf-
fic considerations, and that only a scattering of agencies suggest thicknesses at or
near the extreme limits of the over-all ranges.

Table 14-e also contains a summarization of recommended binder-course and sur-
face-course thicknesses. It will be seen that here again good agreement exists, and
that the pattern is very much the same as that described for the total thickness of bi-
tuminous surfacing. The averages of the reported surface~course thicknesses for the
different conditions of traffic range from 0.3 to 0. 4 in. less than the averages of the
reported binder-course thicknesses.

Rigid-Base Pavement Thickness. Only 11 agencies furmshed thickness designs for
pavements consisting of bituminous concrete placed on a rigid base (and, in most of
the designs furmshed, including a subbase). The conditions of soils, traffic and cli-
mate that were to be considered in preparing the design are the same as those set up
for the flexible-pavement design. Six of the 11 agencies furnished separate designs
for heavy- and medium-traffic pavements, and two furnished designs for heavy-traffic
pavements only. The other three furnished designs without differentiating as to traffic,
except that one of the three indicated that subbase would be omitted from the design
under conditions of medium traffic.

The proposed over-all thicknesses range from 11 in. to 23 in. for designs for heavy-
traffic pavements, from 8% in. to 22 in. for designs for medium-traffic pavements,
and from 10 in. to 23 in. where no traffic differentiation was made.

Subbases were proposed for use by 7 of 8 agencies furnishing heavy-traffic designs,
by 6 of 9 agencies furnishing medium-traffic designs, and by 2 of 3 agencies not dif-
ferentiating as to traffic. Two of the agencies furnishing both heavy- and medium-
traffic designs reduced the subbase thickness by 2% 1n. for the medium-traffic design,
and a third agency proposed a subbase for heavy traffic but dispensed with the subbase
for medium traffic. Otherwise, there 1s little descernible difference in the proposed
subbase thicknesses insofar as traffic conditions are concerned.

Suggested thicknesses for the rigid base range from 4 in. to 10 in. The recommen-
dations of all but 3 of the agencies are within the range of 6 to 8 in. Two agencies
that recommend an 8-in. thickness of rigid base for heavy-traffic pavements reduce
the thickness to 6 in. for medium-traffic pavements. The single agency that recom-
mends a 10-in. rigid base for heavy-traffic pavements recommends 9 in. for medium-
traffic pavements. Otherwise, there is little difference in the recommended rigrad-
base thicknesses with respect to traffic.

Proposed thicknesses for the bituminous-concrete surfacing for use with rigid base
range from 1 in. to 3 in. Six of 8 agencies furnishing a heavy-traffic design propose
the 3-1n. thickness. One of these would reduce the thickness to 2% in., and another
to 2 in., for medium traffic. Only one agency recommended a 1-1n. thickness of bi*u-
minous concrete, but made this recommendation for both heavy and medium traffic.
Thicknesses of 2% in. and 2% in. were each recommended by one agency.

Only 8 agencies furnished complete thickness designs for both flexible base and
rigid-base pavements. Thickness differentials ranging from 1 in. to 16 in. in favor of
the rigid-base pavement were indicated in the designs of 6 of the agencles. One agen-
cy indicated the same thickness for both types of pavement, and one indicated a 1-in.
differential in favor of the flexible pavement. Because of the few agencies that fur-
nished information for this comparison, not much significance can be attached to it.
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TABLE 1
FINE AGGREGATE FOR BITUMINOUS CONCRETIE MIXTURES

|
Kinds of Material Used Angulerity
Netural| Stone [Cr Gravel|Stone| Mine Slag |Volcanic [Nat Send_ of rarticles _
Agency Send ‘Screen-| Screen- | Sand [Tail- [Chat |Screen-[Cinders {Screen- In |Specifi-
. 1ngs ings ings ings 1ings Specs cation
1 Als x x No 2/
2 Ariz X x X ; No
3 Ark x x 1 Ne
b Calif x x x No
5 Colo. X No
6 Comn x X . Yes 100% rougl
% angular
7 Del. x ' Yes Stone
. screenings
8 D.of C. x x No
9 Fla x x x x | No
!
10 Ga. x X ; No
11 1Ideko E3 E3 o
12 Ill. x x x x No
13 Ind. x x x x X No
14 Towe x x ' No
|
15 Kans x x s x Yo
!
16 Ky. x X x .0) 30-50%
angular
17 la. x x No
18 Me. x x No
19 M x x x x ' No
20 Mass. x x ' Yes 50% max
SCreen1ngs
21 MWich. x 3 " No
22 Minn x No
s
23 Mass x x x x |No
2k Mo. x x x No
25 Mont. x z z | Yos  50-75%
J Angular
26 HNebr x T No
|
| 27 Nev. x x | No
| 28 W.E. x x | Yes  50% natura
' sand
' 29 WN.J x x l No
| |
30 N.M. x x x x No
31 K.Y x x x No
32 N.C. x x x No
33 N.Dek. x No
3k Ohio x x x No
35 Okla. x x x x No
36 Oreg. x x x No  Moderately
sharp
37 Pa. x x x x No
38 R.I. x No
39 s.C. | x x No
40 S.Dak. | x | No
k1 Tenn ' x x x x No
1
k2 Tex. x x No
43 Utah 3 x x No
By vt x x Na
45 va. x x x No
46 Wash. x x x No
47 W. Va. x x x x No
48 wisc. x x No
%9 Wyo. x No
50 Ontario x x x x  |¥eo

1/ Stome for send and screenings, 10 cycles of testing Nap SO4, loss not to exceed T, Mg SO, los
g/ Minimm of 30 percent of total aggregate must be coarse, sharp concrete sand.

Note* Whenever the phrase "Not specified” 1s used in this and following tables, it means that the r¢
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Limitation of Deleterious Materials
T T

.

L
| Organic l | Finer H \ |
Wepetable ' Clay IClay , than No Coal | Undaf- Total Soundness Requirements
i Roots, Loem ;Iumps | 200 or | Soft | Lignite: ShalelCemented Other | feren- |Allowable Method Specified
| Ete l Decanted tiated of Test Maximum Loss
| ] I ;
T {eIlowable percent shown when spec ] (percent}
| 05 0s 1 1.0(mica, nlkali) 3 | Neg SOL 10
| 12 (BT 5-) 05 (canders 1 12 Not specified
clinkers)
| 1 x 5 Not specified
No specific requirement Not specafied
| No specific requirement L A. wear on parent mtrl - 451w
| No specific requirement Not specified
} No specific reguirement Not specified
1
! (o] 4] [o] None l Nep SOl 12
o] None | Not specified
6 6 | Not specified
1 ot specified Tor F A separately (LL 35-, PI 6-) T Not svecified
1 1 1 3 | Nez2 sol 10
X 0.2 x 2 5 ' Nagy 50y 10
! 3 2 5 Freeze-Thaw on (16 cycles
, Parent Material 25
1 1 5 5 Special Loss Ratio
Freeze-Thaw 0.85-
1 1 1 3 Ney SOu 10
y O [+ 0 None Not specified
| o None Not specafied
1 1 3 5 Nep SO 15
o (o] None Not specified
x 5 Not specified
o] o] None Not specafied
3 (AASHO M-T9 used with slag and stone acreemings) 3 Not specified
3 3 Not specified
[+ o] [+] [+] None Not specified
1 x X x x {alkali) Nap SOL 15
x x 3 Not specified
| Quantity of deleteriocus material must be negligible Not specified
LI} [+] 0 0 O (mica, salt) (] None Not specified
0 (o] None Mg Son 12
L (adobe)
‘ No specific requirement 1/ 1/
[} 0 0 0 8 Not specified
| 15(of minus No. 10 fraction) 12{of totel mxture) Not specified
i o 4] None Nap SOY 10
0.1 1 1.1 Not specified
x x 2 Not specified
__ [ Nore — | Nep 505 IO
0 4} None Mg SOh -
No specific requirement Not specaified
4] [+] None L.A. wear - 45 max.
Swell T-101 - 13 mex.
05 3 3 0.5 5 Na2 SO 12
on St Sand
No specific requirement (PI 6-) Not specified
x Free of excessive gquantity x(disintegrating) Na2 SO 12
0 o None Nep SO 8
| 0.25 1 1 1 {mica) 1.25 Freeze~Thaw 15 cycles - 8
Mg SOy 5 cycles - 8
| No specific requirement Not specified
x 3 x Nap SO 10
[+] o] 0 o None Not specified
0 None Not specified

No specific requirement

Mg SOY 16

not to exceed 12%. Naturalsand, 10 cycles of testing: Nap SO4, loss not to exceed 8%, Mg S04, loss not to exceed 22%.

porting agency does not have a specification requirement covering the item listed
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TABLE 1 (continued)

Specified Gradation Iamits f

Binder Course Material

3/8"} No. hl No. BI No. 10 INo 16' No. 20 |No. 30 ]No. ko INo 50 [ Mo 80 | No. 100 INo. 200

Not specified
Not specified
Not specified

Not specified,
Seme as surface course

\percen

3/8'

Y ve passing each s 'eve,

95-100

100

Not specified

Seme as surface course

Not specified

100

9=
100 -

0-20 -

~— Not specilied
Passing and retained
25-70
Same as surface course

Kot specafied

Not specified

-0~
20-70 —-—-—#¥ 5

100 90~

T5-90

Not specified
Same as surfece course

Not specified
Same as surface course

5-35

0-10

100

100  968-100

Same as surface course

Passing & retained
k. 20-65

Not specified
Not specified

Binder course gradetion not reported

100

Same as surface course

Same as surface course

Not specified (except No. 200}

Same as surface course

No binder course used

0-15

Not specified

Not specified

Not specified
No binder course used

Not specified
Same as surface course

100

-
100 100

100

70-
100

ko-80 20-60

Not specified
Rot specified

Not specified

0-20 0-10

0-10 0-5

100 |

Not specified
Not specified

Not specified
Not specified

4
20-55 s e ashs b 1035 15

100 100

T0-
100

#14
40-90

Beame a8 surface course

Not specified
Not specified

20-70

10-40

3-15 o-7

100

100
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1954 Practice
or Fine Aggregate
Surface Course Material
I \ Agency
No. 4 | No. 8 | No. 10 Illo. 16 Iﬂo. 20 Illo. 30]1'0. ll»OlNo. 50 INo. 80 ll!o. 100 lllo. 200
€xcept when BLAte Twise)
Not specified Ala. 1
Not specified Ariz 2
Not specified Ark. 3
Not specified Calif. 4
100 68-84 28-hY h-ah Colo.
95 8 Conn., 6
Not specified Del. T
95~100 45-80 10-30 2-10 D.of C. 8
| Passing and retained 0- Fla. 9
9B-100 |« 0-15 ——wjt————— 15-50 < 30-60 -—>le— 15-40 =15
‘ Not specified Ge. 10
Not specified Idzho 11
95- Passing and retained 0- I11. 12
| 100 he—- 0-15 -+ ——25- — e 20~60 ——fe—15-35 —’-LJ 5
| Passing and retained _,Lfo- Ind. 13
| 0 k0-10 —fo- 25-35 = 25-65 —< 535 —fe1-10 5
Not specified Town 14
|
i Not specified Kans. 15
| 90- 75-90 10-80 5~35 0-15 0-10 Ky~ 16
100
: Not specified Ia. 1;
Pagsing and retained T= Me. h
fe-m—- 1540 4 22-53 —sk 15-35 — - o
100 75-90 35-65 15-30 5-12 Hﬂ;l. 20
Pessing and retained - Mich. 21
100} 0-5 - ¢ 5-35 — —f-—-30-60 —f—15-35 —-'l‘f5
98- ) Passing and retained | 0= Minn. 22
10— 825 + - 155 Tt 22e65 e 7%0 —S B
Not specified Miss. 23
Not specified Mo 24
98- Passing and retsined _lJ 0~ Mont. 25
100} —  ©0-15 »r 15-50 o ---30-60 ——15-40 5
¢ retained Nebr. 26
5-40 45-70 60-85 90- 9=
100 95-100 55=15 25-50 0-12 Nev. 27
Not specified {except No. 200) 0=-15 N.H. 28
Passing and retained - N.J. 29
b— 05 sk—6-30 - 15-42——+}e 20-40 h—12-35 —-lfs
Not specified N.M, 30 ,
Not specified N.Y. 31
Not specified N.C. 32
Not specified N.Dek. 33
90~  65- 40-85 20-60 7-40 0-15 0-7 onto . 3k |
100 100 |
Not specified Okla. 35
% retained Oreg. 36
[+] 25-40 90-100
Pa. 37
100 85-98 65-90 4o-75 5-30 0-6
Passing and retained 0- R.I. 38
100k0-10 - 4 - 15-h0 - 30-60 ————sp— 535 —sk 5-20 A3
Not specified 8.C. 39
Not specified S.Dak []
’ Not epecified Tenn. un
Not specified Tex. [}
Not specified Utah 43
Not specified Vt. L
Not specified Ya ks
Pessing & retained 5= Wash. 46
100 §« 30-55 o 20-50 —sk—— 10-30 ——lﬁe
95- W. va. 47
100 80-95 50-85 5-25 0-7
Not specified Wisc. L8
Not specified Wyo. L9
95- 80~ #1b Ontario 50
100 100 55-90 35-70 15-40 5=15 0-5

67
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TABLE 2

COARSE AGGREGATE FOR BITUMINOUS CONCRETE MIXTURES

Kinds of Material Used
Vol- Uncrushed Wear Requirements Soundness
Agency [Crushed |Crushed Crushed| canmic |Mine |Crushed | Gravel Partacles Test Allowable Method 17
______+G_:_‘l_vgl_ Stone (Gravel| 8 Cinders |Chats |Boulders [Lave [Fermitted [Percent (of CA)|Method | Percent Ioss| of Test
1 Ale. x x x No - L.A. 18 Nap SOy
2 Ariz. x x x x Yes - L.A. Lo Not
3 Ark. x x No - Deval 6 stone Nap SOy
15 gravel
L Celif. x x x Yes - L.A. 50 Not
5 Colo. x x x Yes 50 L.A. 45 Not
Conn. x x Yee 50 TA. LT -
7 Del. x No - L.A. 40 Not
8 D.ofC x x No - L.A. ko Kap 50}
9 Fla. x x No - L.A. ko Nap SOy
10 Ga. X x No - L.A, 60 -
11 Idaho x x x Yes L.A. 50 Not
12 Ill. x x x x Ko L.A. 35 Nap SO)
Freeze-Thaw
13 Ind. x x X No - L.A. L0 to 15 Nep SO
14 Iowe x x Yes ko L.A. Lo Freeze-Thaw
(Total Agz.)
15 Kans. x x x Yes 0 L.A. 45 Freeze-Thaw
(Total agg.)
16 Ky. x x x x Rerely - L.A. 35 Nez SO
17 la. x x x Yes ko ) Deval 7 stone Not
(Plus No.10 15 gravel
18 Me. x x Yes 50 L.A. -
19 Md. x x Yes 30 L.A. 40 Naz S04
20 Mass. x No - L.A. 30 to 35 Not
&1 Mich. x x No - L.A. 32 Mg S04
22 Mimn. x x No - L.A. 35 -
23 Miss. x x x x Yes - L.A. 40 stoneislag| Nap SOy
35 gravel
24k Mo, x x x x Yes - Deval 6+ (Fr. coefd Not
25 Mont. x x Yes 25 L A. Lo Not
26 Nebr. x x Yes - L.A. ko Freeze-Thaw
27 Nev. x x No - L.A. 37 -
28 N.H. x x Yes 50 L.A. Lo Not
29 N.J. x x x Yes - Deval 3.5 Not
30 N.M. x x Yes 50 L.A. 50 Mg SO0
31 N.Y. x x No - Deval 5.7 Nag S04
Si
32 N.C. x x No - L.A. 55 Not
33 K.Dak. x x Yes - No specified reqm'nt Not
34 Chio x x x Yes 60 No specified reqm'nt Ne2 SOL
35 Okla. x x x Yes - L.A. 4o Not
36 Oreg. x x x Yes Lo L.A. 30 Kot
37 Pa. x x x No - L.A. 10(100 rev.)| Nap SO4
35(500 rev.)
38 R.I. x x x Yes - ‘#'A' 40 S
39 S.C. x x x x Yes 25 L.A. 60 Not
40 S5.Dak. x x No - L.A. 45 Not
41 Temn. x x x No - L.A. %0 Nap SOy
k2  Tex. x x x Yes - L.A. Lo
43 Utah x x Yes 30 L.A. ko Rap S0y
U vt x x No - Devel 5 stons Nap SOl
16 rravel
5 va. x x No - L.A. ¢ (100 rev.)| Mg SOL
3,(500 rev.;| Freesze-thaw
46 Wash. x x Yes 25 L.A. 30
L7 W.Va. x x x No - L.A. Naz SO4
48 wWisc. x x Yes 50~ L.A. 50 Not
49 Wyo. x x No - L.A. 50 Not
50 Ontario| =x x Yes ko L.A. 35 Mg SOy

1/ Where the Nap SOL (sodium sulfate) or Mg SO (magnesium sulfate) tests ere indicated, a 5-cycle exposure is used except where
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Limitation of Deletericus Materials
Requirements Organic, Finer Than|
| " Specified 1/ | Vegetable,| Clay Clay No.200 or |Soft| Coal Shale Elongated Other
\ Ioss | Roots Etcd Loam Decanted Lignite
(percent) {21lowable percent shown when specified)
10 0.25 0.5 2 0.25
specified No specific requirement
12 1 x x
specified No specific requirement
specified No specific requirement
- No specific requirement
specified No specific requirement
12 o(dirt)
12 0.03 0.05 1.25 10 1 0.5(cinders )
1.0(shells)
15 1
specified No specific requirement

15(5 cycles) 0.5 2.5 5 1

15(50_cycles)

20 0.2 1 y 2 1.0{ocher)
1.0(shells)

10(16 cycles) 0.5 3 3

0.85 Loss Ratio 2 5 0.5 0.5

15 1 2 2
specified
- 0
15 1 5 1 1
specified O(cr.gravel)
12 3 15
- 0(in cx. stome)
3(iron axide)(in cr.gr.)
12 x x x x(cinders)
specified 0.25 1.0{& shale) 8 x
specified 0 4] [4]

0.90 Loss Ratio 1 x x x x x(alkali)
specified Quantity of deleterious material must be negligible
specified 2 3

12 [} 0O(adobe )}
7(10 cycles) No specific requirement
22(10 cycles)
specified o] [o]
specified 0 12(of total aggregate)
12 0.25 1 3 1 2.5
3pecified 0.1 1 3 5
specified o(dirt) 0
10 0.25 2 2 1 1 4(glassy in slag)
2(1ron in slag
12 Ofdust) ]
specified o] 0 0
specified [¢] 4]
12 0.25 1. 5 1
specified 2(PT +6)
4(PT
12 No specific requirement
8 x x x x(schist)
8( 5 cycles) 0.25 0.5
8(15 cycles)
specified 0
12 0.25 1 1

specified [} o} 0

specified 0 ]
12 No specific requirement
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TABIE 2 (continued)

If-
ferent-| Total Other o
|:¢:§g Allowsble Requirements [ 2 EapTam| 1 | 7/e"] 3/ 5/8"1 1/2" U
B - (percent
2 3 Non - stripping Not specified
Not specified
5 Not specified
Loss in wetshot rattler Not specified
50 percent max. (total agg )
Not specified
Not specified
Not specified
[ Hone 100 95-100 60-60 25-60
10 Washed C.A. 100 97-100 20-35
1 100 90-100 20-55
Dust Ratio -65%; PI =6, LL -25 Not specified
> 100 95-100 80-95 30-55
7 Percent Retained
o 0-15 %0-80
6.5 Not specified
5 Max. Water Abs. 4.0% Not specified
5 100 90-100 30-60
] None Not specified
0 None Surface course material Not specified
100 percent crushed
5 Not specified
None 100 90-100 30-50
18 100 45-65 0-25
x None{cr.stone) Same as surface course
3(cr.gravel)
x 5 Minimum stability specified Not specified
for each project
x 8 Not specified
4] None Clean and durable Not specified
Free of ingur- Max. Water Abs. 3.2% Same as surface course
1ous quantity
Same as surface course
x Not specified
5 10 100 20-50 0-15
None No binder course used
Not specified
o None Not specified
Not specified
5 No binder course used
9.1 Not specified
o None Same as surface course
2(sha. clay Poughness -6 100 90-100 2560
lumps Deval sbresion -5
None 100 95=100 0-15
None Not specified
None 1.5% Swell AASHO T-101 Not specified
5 Not specified
Not specified
IL 30-, PI 6- Not specified
5 Not specified
0.75 Not specified
None Breskege Factor 35- Not specified
100 95-100 35-70 10-30
[+] None Not specified
[+ None Not specified
100 65-88 50-75 35-60 15-35
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Specified Gradation lamits for Coerse Aggregat:
Surface Course ___ Agency
T No. k] No. 8] Ne. 0] 1" | 3/k" 1 5/8" | 3/2" | 3/8" !No. b INo. 8' No, 10] No. 16| No. 20 No. 30 | Ho.200
by weight passing each|sieve, except when stated otherwise
Not specified 1 Ala.
Not specified 2 Ariz.
Not specified 3 Ark
Not specified L Calaf
Not specaified 5 Colo.
Not specified 6 Conn.
Not specified T Del.
0-10 0-5 100 85-100 10-30 0-10 O-g 8 D of C.
0-3 100 90-100 45-85 25-h0 0 9 Fla
0-10 0-5 100 90-100 20-55 5-30 0-10 10 Ge.
Not specified 11 Idaho
0-15 100 95-100 20-50 0-5 12 Ill.
Percent Retaired 13 Ind.
95-100 98-100 o 5-25 70-95 95-100
Not specified 1k Iowa
Not specified 15 Kans.
5-25 0-5 100 80-100 10-30 0-5 0-3 16 Ky
Not specified 17 Ila.
Not specified 18 Me.
Not specified 19 M.
5-15 0 100 80-100 30-50 [ 20 Mass
0-10 100 90-100 10-25 0-10 21 Mich.
100 95-100 ko-70 0-25 0-5 22 Mimn.
Not specified 23 Mss.
Not specified 2k Mo.
Not specified 25 Mont.
Percent Retained 26 Nebr.
o] 0-10 30-65 80-100 90-100 95-100|
95-100 35-55 0-5 27 Nev.
Not svecified 28 N.E.
0-5 100 60-85 15-35 0-5 0-2 29 N.J.
Not specified 30 N.M.
Not specified 31 N.Y.
Not specified 32 W.C.
Not specified 33 NK.Dak.
100 95-100 65-90 35-65 0-15 34 Onio
Not specified 35 Okla.
% Retained 36 Oreg.
o 25-40 90-100
0-10 0-5 100 75-100 10-30 0-10 37 Pa
100 75-100 0-15 0-5 38 R.I.
Not specified 39 sC.
Not specified 40 S Dak.
Not specified 11 Temn.
Not specified b2  Tex.
Not epecified 43 Utah
Not specified Wy vt.
Not specified 45 va.
Not specified 46 Wesh.
0-5 100 85-100 20-40  0-10 k7 W.Va.
Not specified 48 wisc.
Not specified k9 Wyo.
0-10 100 83-100 50-70 0-10 50 Ontario
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TABLE 3
MINERAL FILIER FOR BITUMINOUS CONCREIE MIXTURES

I Kinds of Material Specified Gradation Limits
Lime- Inert No.10 | No 30 | No.ki0 3
Agency |[Stone| land |eral{Stone Mineral] Other Types Remarks percent by welg
Dust |Cement [Dust{Dust |Matter except when stated otherwise
1 Ala. b4 x x 100 95-100
2 Ariz. Nonplastic, nonhydrophilic Not specified
3 Ark. x x 100
b cCalif. x x x Hydrated lime 100
5 Colo. x x Hydrated lime 100
6 Comn. x x x 100 95-100
T Del. No mineral filler required No mineral filler requirec
8 D.ofCJ| x x 100 95-100
9 Fla. x x x Special approval for inert 100 95-100
mineral matter
10 Ga. x x 100 90-
11 Idaho
12 11l. x Other types on approval 100 -
13 Ind. x x x x Fly ash (percent retaine
0 0-
14 Towe x x 100 95-100
15 Kans. x b3 Chat sludge
16 Ky. x x x 100 95-100
17 Ia. x x Shell dust 100 95-100
18 Me. x x 100
19 Md. X x x 100 85.
20 Mass. x x Stone float or collector
dust on special permission 100
21 Mich. X x Fly ash 100
22 M™inn. x x x To 20
100 95-100 80-100
23 DMss. x x x 100 95-100
24 ho. x x x x x 100
25 Mont. x x 100 85.
26 Nebr. x Natural soil (percent retain
S 0-5
27 Nev. x x Basalt rock dust 100 95-100
28 K.H. x x x 100
29 N.J. x x x Fly ash 95.
30 N.M. Any approved material Not epecified
31 N.Y. x x Fly ash 100 85-100
Diatomaceocus earth
32 N.C. x x x 100 95-100
33 N.Dek. Netural soil
34 oOhio No mineral filler required No mineral filler require
35 Okla. x x Volanic ash Not specified
36 Oreg. x x 100 95-100
37 Pa. x x 100
| 38 R.I. x x x 100 90-100
39 S.C. x x x 100
40 S.Dak. x silt 100
41 Temn. x x 100 95-100
42 Tex. x x x Shell dust 100
43 Utah x x x 100 95-100
by v, x Talc dust Any aporoved material 100
45 Va. x x x 100 95-100
46 Wash. x x Cottrell flour 100
Basalt rock dust
L7 W.Ve. x x x 100 90
48 Wise. x x x Any approved material 100 85-100
49 Wyo. Minus No.lt sieve Not specified
fraction
50 Omterio| x 100
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No.200
“"s1ze, Remarks Agency
65-100 | AASHO M17-b2 gradation 1 Ala.
2 Arie.
75-100 3 Ark.
T75-100 | Gradation continued- 0-25 percent finer than .005 mm. L Calif.
Gradation continued 25-100 percent pessing No 270 sieve 5 Colo.
75-100 6 Comn.
7 Del.
65~100 | AASHO M17-42 gradation 8 D.of C.
65-100 | AASHO M17-42 gradation 9 Fla.
65-100 10 Ge.
PI 6-, LL 25-; Dust Ratio less than 65 percent 11 Idaho
65-100 12 TII.
13 Ind.
0-35 AASHO MLT-42 gradation
65-100 | AASHO M17-42 gradation % Iowva
100 | Mineral filler (minus No.200) present in crushed aggregates of total mix acceptable, mineral filler in 15 Kans.
uncrushed aggregates of total mix accepteble provided this portion of filler does not exceed 50% of total.
65-100 | AASHO MI7-42 gradation 16 Ry. |
65-100 | Gradation contimued 60-100 percent finer than .05 mm, 30-60 percent finer than .020 mm, 10-25 percent 17 1a.
finer than .005 mm; 2-15 percent finer than .00l mm.
5 5-100 18 Me.
5 5100 19 M.
20 Mass.
5-100
5-100 | Fly ash - Free carbon 7-12 percent Minus No. 200 material - 15 to 60 percent less than .0l mm. size. 21 Mich.
.
0-100
5-100 | AASHO M17-42 gradation 23 Miss.
5-100 | Gredation contimued, 30-100 percent passing No. 325 sieve. 24 Mo.
5-100 25 Mont.
26 Nebr
0-20 _
65-100 | AASHO M17-%2 gradation 27 Nev
55-100 28 N.EH.
5-100 29 N.J.
PI 6-, LL 25- 30 M
 5-100 31 R.Y.
55-100 | AASHO M17-k2 gradation 32 N.C.
40-100 | Gradation continued 0-20 percent finer than .005 mm. 33 N.Dak.
3% Ohio
35 Okla.
55-100 | AASHO ML7-42 gredation 36 Oreg.
57-100 37 Pa.
75-100 38 BRI |
r0-10C 39 s.C.
0-100 | PI 12-; WAP 25-; Iineal Shrinkage 4- 40 S.Daek.
5-100 | AASHO M17-42 gradetion 41 Tenn
5-100 k2 Tex.
5-100 | AASEO M17-k2 gredation 43 Utah
35-100 by ve.
5-100 | AASHO MI7-42 pradetion 45 va.
[5-100 | Gradetion continued 50-100 percent finer than 025 mm, O-35 percent finer than .005 mm. PI 2-. L6 Wash.
5-100 47 W.va.
5-100 48 wisc.
k9 Wyo.
30-100 | Mineral litter not generally used because of low void content in mineral aggregate. 50 Ontario




74

TABLE 4
ASPHALT CEMENT FOR BITUMINOUS CONCRETE MIXTURES

Specification Requirementis
y (Brtumen Scluble in 1 y Il7 27 15 Penstrotion FM Test 1/ - Negative Spot Reg'd.! 1]
Agency | Penetration | Carbon eroon Ductility Flash | Loss on Residus 1, St'd CY eptone | Specific Other Coveci]
| [Tetrachloride Point | Heatd Before Heati! Naphtha lene lene | Gravity Requiren
{cm) (°F) (percent)‘ (percent) {percent xylene
1 Ale go-7o 99 5+ 100+ kso+ | 0 5H- TO+ Neg NS 3/ [Ductality at 39 2°F not les
5-100
100-120
2 Ariz 150-200 99 5+ 100+ W7+ 1 0- 65+ 35 NS
3 Ark 60-70 99 5+ 100+ b0+ | 1 0- 70+ Neg NS
70-85
4 calif. | 85-100 99 5+ 100+ 2oy | 2 0- 8o+ 35 N S.
— 5 TColo || 120-130 | 99 5+ 100+ L 2 0- To+r 10 NS
6 Conn 85-100 99 5+ 100+ 347 1 0- 60+ Not specified NS
7 Del T70-85 99 5+ Penetration |347+ 10- 5+ Neg KNS
value +
8 D of ¢4 85-100 9 5+ 100+ 347+ 10- 65+ Neg ¥S
9 Fla 85-120 93 5+ 99.0+ 100+ 347+ 10- 65+ Not. specified NS
10 Ge 85-100 99 5+ 1004 400+ | 1 0- o+ Heg 1 00k+
11 Jdaho [} 121-150 [ 99 5+ 99 O+ 100+ Loor | 1 O- 65+ 35 K S
12" Tii. 76-85 99 5+ 100+ 500+ | 1 0- 70+ Feg NS
85-100 92 5+ 100+ 550+ 10- T0+ Neg. XS
13 Ind 85-100 99 O+ 1004 347+ 10- 65+ Neg NS Other penetration grades pe:
1% Iova 85-100 99 5+ 100+ 347+ 1 0- 65+ Neg
15 Eans 85-100 99 5+ 100+ 347+ 10 5+ Neg NS Softening point 100°F -125°
16 Ky 85-100 99 5+ 99 O+ 100+ 347+ 10- 5+ Not specified NS Softeming point 104OF.-140°
17 Ia 85-100 99 5+ 100+ 347+ 10- 65+ Neg N.5
18 Mo 85-100 99 5+ 100+ b 10- 50+ Not specified 1.00+
19 M2 85-100 99 O+ 100+ 347+ 10- 65+ 35 N S.
20 Mass | 85-100 99 5+ 100+ 3T+ T O- G5+ Wot svecified NS For recovered asphalt (ASTM
Penet 50+ pct of origina
el IMfich 60-10 99 100+ 37 4 0- 5+ eg 1 01+ |For recovered asphalt (Abs
85-100 99 5 100- T+ 10- (54 1 00+ Tenet 50+ pct of oripant
pet ot original 40-7) per
22 Ihm T70-85 22 O+ 100+ L0+ 10- o sdeg as
85.100
23 fss 85-100 IR 100+ 400+ 10- 60+ Hes 10+ |Heat to 3s7°F a1thout foa
2h Mo 70-8% M 5 100+ b 10 60+ leg 10 2 | Penotrotrons of 60-70 and
25 Hent 32-85 Yy 5+ 100+ 347+ 10- 12 NS Eeat to 347°F without foan
-100
26 Nebr 85-100 99 Y+ 100+ 347+ 10- T0+ 10 XS
27 HNev. 85-100 99 > 100+ L0+ 3 0- 80 29+ Liot wrecified us
100-120
120-150
28 NE 85-100 99 O+ 107 450+ 1 0- 5+ Jdot spec.fied 1 00+ 1 Heat to 3479F wthout
120-120 J9 Or 100+ 450+ 1 0- 7o+ lot s-ecaified 1 00~ 2 Penetration 85-100 used
29 uJ 60-70 2 5 29 o= 100+ 410+ | 1 0- 50+ Tiot spec1fied NS Heat to 347OF without foe
70-85 99 5 9 103~ 3%+ | 19- T sfot szecified us ditto
85-100 55 99 O+ 100+ 374+ | 1 0- T+ uot specified »S ditto
30 nN 85-100 R 100+ Loo+ | o o 6+ 13 ¥s
31 NY 85-120 79 5+ 60+ 3LT+ 10- 6o Yot specified 1 00- latic pene &t 39 29F to
10 30+ percent
32 HC 85-100 0w 100+ 37+ [ 1O~ 6o+ ey us Heat to 3UTOF without foar
33 # Pak | 120-150 93 5+ 99 O+ 100+ 347+ | 1 o0- [ Teg ns 1 Use grade with penetrat.
150-200 2 For recovered asphelt (

vYenstration 65+ percent
™cgh po 1t kOOHO™
ILoss on nszting 1 0- rex
Penet, residus/before he
Ductility 100r cm
Bitumen Scluble in Carp

Naohtha gkgg, neratLye
34 Ohio T0-80 99 5+ 100+ 4T+ 0- H e Heat to 351 without foan

T NS
Softening noint 104F -1hJf
35 Okla 85-100 99 5+ 100+ hsor | o 2- 65+ Neg S Softeming point 11LOF
36 Oreg 86-100 99 5¢ 100+ 400+ 10- 65+ Neg NS
37 Pa T70-80 99 > 100+ 350+ 10- 5+ Neg NS
85-100 99 5+ 90+ 350+ 1 0- 65+ Neg NS
38 RI 61-70 99 O+ T0+ 3k7+ | 10- 5+ Not specified NS AASHO M 20
39 s8¢ 60-70 99 O+ Penetration |347+ | 1 O- 5 Not specified NS
85-100 value +
40 5 Dak | 100-120 99 O+ 100+ 347+ | 2 0- 60+ 15 N.S
120-150
1 Temn 85-100 99 5+ 1004 37+ 10- 65+ Neg N.8
k2 Tex A5-100 99 5+ 100+ 450+ | O TH+ 50+ Neg ] Sotteming point 113°F -140
43 Uteh 85-100 39 5+ 99 ™ 1004 347+ 10- 65~ 3 NS AASEO M 20 1
b oy 85-100 99 5+ 100+ 347+ | 1 0- 75+ Not specafied NS
45 Va 8>-100 99 5+ 100+ 350+ 10- 5+ Yeg 2.004 1. Softening point 104 F -J
2 Organic insoluble mtrl
3 For recovered asphalt (1
Penet 65+ pct of orig;
Ash -1.0 ]
46 Wash 86-100 99 O+ 95 65+ 100+ 50+ | 1 o0- 70+ 35 N S. |
7 WVa 85-100 99 O+ 100+ mso+ | 1 0- 5+ Neg NS Heat to 34TOF. wajhout &
48 wWisc 70-85 99 5+ 100+ 5o+ | 1 0~ 70+ Neg §S. Heet to 350°F wilnout fX
49 Wyo 85-100 99 5+ 100+ 450+ 10~ 04 15 NS Heat to 350°F wathout fo
121-150 60+ 25+ | 2 0-
50 Ontarxo| 85-100 99 5+ 100+ 50+ 1 0- Not specified .-}

1/ Conditions of test are AASHO standard
B/ Cleveland Open Cap (AASHO T 48-L6)
3/ Bot specified



TABLE 4 (continued)
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1954 Practice
Usage - Miscellaneocus
Jspecific Gravity]  Hecovered Asphalt from Mixturss
o1 Penetration Grade of Material | 3 ction lecovery over: Agency
Based on Traffic Normally Used |”"ASTH AASEO T Tested Regularly
n 10 pct of penet { Lower penet grades & leacner mixes for heavier tratfic 1 c2-1 034 Oliensas No Ala

Grade varies with traffic 10 No 2 Ariz

60- {0 penetration, heavy traffic 102 No 3 Ark

70-85 penstration, medium traff.c .

_ 102 D 762-lkr Besesrch only _ , 4 Colaf
1 0+ Distillation Yes K& )
to 400°F.
1 020-1 030 |D T762-kh &Spot checks 6 Conn
1015 D1097-50T | T 58-37 No 7 Del
163 T 58-37 Occesicnally 8 DorcC
1.02 T 58-37 Tio 9 Fla
(Ext_only)
1024 T 58-37 No 10 Ga
. | - . L _ _ 4J_o09810 _| L - o No ___ 11 Idaho_
About 1 0 D e lg Research only 12 Il
About 1 0
d 13 Ind
1 Towa
1 003-1 015 |D 762-49 D 762-49 Yes Kons
modified
60-70 penetration, heavy traffic 10+ D 762-h9 [T 98-37 No Ky
DLI97-507
1.0 | No La
105 ' o s
U _ . _ _1.02-1.03 __[p 762-h9 , 7 58-37 — Yo ; m o
BTy D 762-kTT Yes doss
1ity 4O+ cm

60-70 penetret.or, he'vy trcllae 1 01%-1 o0 +bson Yos Mich
JO senel D+ J5-100 e¢omotrction mediun tr.filc 1 0131 03,
uct 1oly L0+ en

Grade r oS vitn trufiic 1001-1 933 (D #2-k) v hnn

|
LIRS L 1 alu liiss
elso used 1 005 D 762-4y ' Stec.nl test only !
1 03-1., D ’62-9 ! ' Yes ‘font
10 T — 1t w 28 “Nebr
o 7 Nev
102, o 4 H
- other . ecified 1%,
{0- 0 amertrat.on, henvy troffic 1 00-1 On D /G2-hy Spot checks Wwd
wi=1tv enetrat.orn, wesium and light traffic 100-1 >
1 00-1 Ok
101, D109/-,0T | T .3-3f Originel Yes WA
I ————— .- ] #bson ___ -
at foF = 102 T 5837 ilo Ny
(Ext_only)

60- {0 penetration, sesore conditions 190 T 58-37 No ne
rest 10 lower ,enctration tor 1eavy traffic 10, T U337 llo N Dak
' 48-30) (2xt only)

il l
Gor et '
1f.de 2 ) pct
_wet _xylene
85-100 jcnotration, medium and light trafiic 10 D [62-h9 Occaslonally Ohio
100 D 762-43 Occasionally Okla
86-100 penetration, all contract work 101,-1 07 D 762-4) Yo Oreg
D10 37-50T
T70-80 penetration for traltic over 5000 v p & 0 931 Ouf Jo Pa
85-100 renetration for traffic less than 5000 s p d 0 933-1 07
1020 T 58-3¢ ho RI
(Ext only)
‘ 60-70 panetration, urban 1 000+ No s¢
‘ 85-100 penetration, rurtl
1 000+ T 58-30 J Limitoed number S Dak
‘ 1.025-1 030 T 58-37 No Tenn
1 1 020 D {62-k9 Mod T 58-37 No Tex
large Ext
1 ot e £3-37 do Utah
1020 T 8-37 Jdo Yt
101 D 762-h9 Yes Va,
cent,
rfe-ky)
tility 60+ cm
Bussow Method| Yo Wash
100 Jdo 4.Va.,
1 000-1 030 |D 76R2-49 Occasionally Wisc
102 o Wyo

1-80 penetration, heavy traffic 1005 00y [p 7é2-ug No Ontario

85-100 penetration, medium traffic

150-200 ponetration, light traffic
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TABLE 5

MINERAL AGCREGATE GRADATION REQUIREMENTS AND BITUMEN CONTENT
OF BITUMINOUS CONCRETE BINDER-COURSE MIXTURES

ll - Gradation Specifications
Agency | Method of Specifying Basic of Per-~ Standard Sieve Size or Num
Sieve-Size Limits |centage Lamts 2" | 1-1/2J_1 /h“' 1" | 340 ] 5/8" I 1/2"] 3/8"] 1/A"] Ko.k
- (figures a.re perce
1 Ala. Percent passing Total aggregate 100 T75-100 55-95 47-87 35-6'
2 Ariz. Gradation limits specified in construction special prov
3 Ark. Percent retained Total aggregate 0 5-20 20-40 45-6
4 Calif. | Percent passing ditto 100 95-100 60-75 40-5 |
ditto " 100 95-100 65-80 45-6
| 5 Colo. | . > __. L " 100 90-100 60-80 32-k
, 6 Com. " " 90-100 §5-75
7 Del. " " 100 90-100 T0-100 50-80 40-65 2545
! 8 D.of C. " " 100 90-100 Lo-80 20-k
| 9 Fla Pct. pass & ret 1/ " k-- — 65-85
| 10 Ga. Percent passing " 100 95-100 40-75
| 11 Idaheo ditto " 100 -

12 T11l. Pct pass. & ret. Total mixture 95= 100 O passing- -%k —_—25- . W —— = 20-45 —
13 Ind ditto ditto k= 5 50 - ~- 10~ d
14 Iowa Percent pessing Total aggregate 100 98-.C0 67-87 47-

15 Kans. Percent retained daitto 0 0-5 15-45
16 Ky. Percent pessing 100 90-100 55-80 35-5(
v 17 la. ditto ' " 100 90-100 75-100 55-80 35-6(
18 Me. " " 100 25-I¢
19 Md. o o 100 93-100 82-95 71-88 _61-17 __ho-sl
720 Mess Pct pess & ret Total mixture ¢} - --*530 50 6/ ->le— = T 15- 30 -—>|<—
| 21 Mich ditto ditto 100 pessing sk - —————— =
22 Mimn Percent passing Total aggregate 100 95-100 L0-6
23 Mss ditto ditto 100 85-100 68-90 62-85 L7-€
24 Mo. Pct pass. & ret Total mixture 100pass. 3 0-5 — ——5§0-205k- 10-40 -~ -~ 10-40 - —k-
1 25 Mont Percent passing Total aggregate 100 25-T!
! 26 Nebr Percent reteined ditto [] 0-4 530 35-5
1. datto I o ey — _
27 Nev. Percent passing 95-100 58-70 2854
28 N EH. ditto " 100 60-90 50-80 30-5
29 N J. Pet pass & ret Total mixture 3/ k— 0-35 —h— 35-70 ——-—*—— 0-20 o —
T30 N M. Percent passing Total aggregate 100 30-6
31 NY Pct pess & ret Total mixture k0-5 -—sk——~— 35-60 ——*—20 4o —3le——5-1
32 N.C . ditto ditto 100 passing ————)l&O-lO—)F 15-40 - -Se———35-60 ——
33 N.Dak Percent passing Total aggregate 50-83
34 Ohio _ Binder course not
35 Okla datto ditto 100 90-100 “65-80 0-5
36 Oreg Pct pass & ret. Total mixture 100 passing - —— —— e 3052 e —
37 Pa Percent passing ITotal eggregate 100 90-100 Lo-75 20-1
} 38 R.I datto !Total mxture 100
139 S§C. " Total aggregate 100 9{-100 60-95 30-
40 8.Dak. " ditto 100 90-100 75-90 50-75
41 Temn " ! 100 69-85 43-
" ! " 100 55-80 25
Pct. pass & ret. |Total mixtwre |3/0-3%k —— 15-k0 ke 15-40 Me—10-25 —- ~-——
Percent pessing Total egate 95-100 75-100 60-_20 _35-65 25-
datto d1tto 65-90 22-€
N " 100 95-100 60-80 40-€
Pct pass & ret. " 8/ k O- 1o-—ak——25 45 —sk—o -
Percent pessing 100 95-100 60-75 0-50 20-
ditto " 95-100 65-90 55-80 ho-¢
" 100 60-8 45-6
' " 5/ 100 75-9% 65-88 54-80 L0-68 33-57 30-

Percent of material passing one sieve and retained on the next finer sieve.
Percent of total aggregate.
Round sieve-openings, 1/4 inch size and larger.

Passing No. 4, retained No 6 sieve, 0-5 percent, passing No 6, retained No. 8, 0-5 percent

7/8-inch sieve

Not more then 1/5 of the 7/8 to 1/2-inch fraction in the bottom course shall be retained on a 3/4-inch sieve.
Percent pessing

Percent limitetions for materiel finer than

No 1k sieve.

No. 10 based on total fraction passing No.10. Of total aggregete, 2‘

ESSEUGUUN S
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TABLE 5 (continued)

195k Practice
I T .
eral Aggregate « Specified | I
-_Square Ong . o |Bitumen Content ! Remarks Agency
el No.10[No.16 No.20No.30 No.:0[No.50[Fo0.80[No.100[N0.200 | of Mixture _ Lo I
)y weight Tpct by wt.) ’
2k-50 12-30 §-15 2-8 5-8 2/ 1 Ala. ¥
s for designated eggregate sources. ! { 2 Ariz. .
60-75 75-90 95-100 3.7 - 7.7 | 3 Ark. H
0 12-22 3-6 | 3.0 - 7.0 2/ Heavy traffic "'k calat.
5 15-25 3-7 | 3.0 - 7.0 2/ Medium traffic I
6 . _19-27 o 7=15 1-5 | 4.5 - 5.5 5 Colo.
15-35 | 3.5-60 6 Comn.
20-35 15-25 10-20 8-15 5-10 | 4.0 - 6.0 7 Del.
15-35 0-5 | blo - 7.0 8 D.of C
——3}15-35 I bo-7.0 9 Fla !
0 5-20 0-10 05 b45-7.0 10 Ga.
30-40 3-9 Not specified 11 Idaho
*__-.*- ~- - 20-35 4o -70 R o 1l 1.
3-12 e——— 5-20 —————Hé—2-10 eko-u 0-3 TE.0 - 6.0 13 ~Ind. \
19-34 13-26 *_3 10, 6.25 14 Towa
v5 85+ 9o+ 93-98 50-7.0 2f 15 Kens.
5 0-15 0-5 | k.0 -7.0 16 Ky.
25-40 15-30 8-18 2-6 , ho-60 17 Ia.
18-38 15-35 8-25 Lo-65 18 Me.

22-36 13-25 _ 8-18 28 _4.0-6.5 L _ _. 19 Md__
;-——>|<—2-8 —je— k- 10—*——h10 —*——26+1h 45 -5.5 20-30 pct pass. No. 10 20 Mass. [
- — 1 k.o - 6.0 , 21 Mich
as-ho 0-5 , b2 -5.0 22 Mimn

ug.:e . 2438 10-22 _*_6 0 L7- g.z | 23 Miss !
 — —— 418 - e — 3-20 —3fe— 2-15 2.8 35-6.0 2k Mo
15-60 0-5 | h.0 - 6.5 . 25 Mont
55-T5 78-88 85-93  90-95 4.5 - 6 0 2/ Heavy traffic 26 Nebr.
55-15 T7-87 _ o 89-95 45 -6.0 2/ Medium traffic e
2538 15-25 8-16 2-6 3.0 - 7.0 27 RNev.
22-k2 14-32 10-27 b o-6.5 28 N H.
O e~ 0-10 - —e— 2-8 —k¢ 2-8 3 2-12 3k0-5 40-55 29 N.J
20-45 3-12 - 30 N.M '
6 €— 420 ~— 4.0 - 5.5 Used with sheet asphalt 31 N.Y .
B —— 15-L40 3k0-5 Lo-65 32 N.C
- 25-60 15-42 10-28 5-17 0-8 3.0 - 7.0 | 33 N.Dak.
i _ e _ 3% Ohio
36-15 3530 10-20 7  §.0-65 135 Okla
1 -3 12-20 e 3-9 —2ke—3-7 ——3f3-7 5.0-70 136 Oreg
5 10-25 5-20 2.15 1-10  0-5 L3 . 7.0 5.5=9.0 pct. batu. for slag 37 Pa. \
15-35 Lo-60 38 R.I !
15-30 bs-70 ) 39 s.C |
35-55 20-30 6-10 5.0-T70 i L0 S.Dak.
22-30 2.8 L5 - 5.5 Heavy traffic 41 Tenn.
5-15 3.5 - 6.0 Medium traffic
0-15 ————3k— 3-15 ——*—-3 =15 -5i1-10 3.0 - 6.0 k2 Tex
10-30 3-8 4.5 - 6.0 _ 43 Utah
13-48 8-23 u -7 5.0 - 7.0 Ly ve
20-40 k.5 - 8.0 45 va
——ak———— 20-55 *15-&5 —>|<—10-35—>I-h 15 40-70 I 46 Wash
30-6.0 47 W.Va
25-50 10-30 3- 12 35-6.0 ‘ 48 Waisc !
25-45 3-10 k.5 - 6.5 49 wyo. .
0 9/ 1245 6-35 3-20 1-8 0-5 k.5 -6.0 2/} 50 Onterio

rcent permitted to pess no. 10 sieve.
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TABLE 6

MINERAL AGGREGATE GRADATION REQUIREMENTS AND BITUMEN CONTENT

OF BITUMINOUS CONCRETE SURFACE-COURSE MIXTURES

Gradation Specifications - Mineral Agprepate
Agency | Method of Specifying Bosis of Per- Standard Sieve Size or Number - Square
Sieve-Size Limits centage lamts [1-1/h"] 1" | 3/&" | 578" [ 1/2" [ 3/8" [ 1/A" [ No. No.8 | No.10 [No.16] No
{figures eare percents by welgh
1 Ala Percent rassing T.t2l aggregate 100 99-100 60-80 40-60 20-4o
2 Ariz ditto litto 100 L5-65 25-45
3 Ark Percent retained " ! Q 25-45 15-60
h Calaf. | Percent passing " 100 95-100 60-75 40-55 30-40
ditto " 100 95-100 65-80 L5-60 30-45
5 Colo " " 100 90-100 70-85 Lo-52  30-40
6 Conn. i i 160 95-100 60-100 78-55 22-Lh 17
T Del. " " 100 80-100 50-6% 30-45 20
8 D.of C. " v 100 80-100 55-80 Lo-75
' 9 Fla. Pct. pass. & ret. 1/ 8-39- 8-45 - 9-27 — e
110 Ge Percent Lassing " 100 95-100 60-80 35-50
11 Idaho ditto " 100 50-70 30-50
12 Il11 Pct pass. and ret. Total mixture 95-100 passing e 25-50 — 10-30 —-— .
13 Ind. ditto drtto 21k~ 20-50—244/0-22 ~ 5-20 ~
1L Iowa Percent passing Tolal aggregate 100 33-100 98-100 67-87 L7-61 37-25
15 Kans. |Percent retnined ditto 0 0-5 12435 35-60
| 15 Ky. Percent vassing " 100 85-100 50-70 39-30 20-40
17 L ditto " 100 85-100 60-80 40-60
18 e " " 3505 30-3> oh
19 14 " " 100 88-100 66-80 L8 G2 32.hl 1
20 Mass Pct pass and ret. Total mixture 100 passing — 25-L0+  — 6f+. 1529 4-12
21 Mch. ditto ditto 100 passine — 50-65 —
—22 Minn. | Percent pessing Total aggregate 100 98-100 70-85 50-65 35-50
23 Inss ditto d1tto 100 95-100 80-95 55=15
2L Mo. cht pass. and ret. Total mixture 100 passing -+ 0-3 0-25H - 20-4 - 7-20 7-
29 Mont. ditto ditto |100 passing _ 15-40 10-35 - 8-20 10-
26 Nebr. |Percent retained Total agpregete o Ok =39 35-55 5-15
ditto ditto 4] 55=15
| 27 Nev. Percent pessing 95-100 60-80 50-55 28-38 _
28 N EH. ditto N 100 80-95 45-75 30-50 17-
29 N J. Pct pass and ret. Total mixture 3/ ~ o025 —  20-L5 - H=-25 Th 2-14
ditto ditto 3/ =~ 0-10 -~ 12-h0 - 8-30 1/ 2-17
30 N.I Percent passing Total aggregate 100 90-100 55-85 LO-65 30-50 |
31 NY. Pct. pass. and ret Tote) mxture — 0=y ~ 19-28 20-40 -8/ 12-30 |
32 NC ditto ditto 100 passang - 0 - 30-5¢ ~ 10-20 - 8-25
33 N.Dok. | Percent passing Total aggregate 100 50-83 25-60 |
34 Ohio Pct. pass. and ret. Total mixture 100 pass -0-5 - 5-20 >=T=30 ~ 10-35 ~0-10 20-45
35 Okla Percent passing Total nggregate 100 30-100 55-80 %0-55
' 36 Oreg. |Pct. pass and ret Total mixture 100 passing f ho-52 .. 11-21 -
37 Pa. Percent pessing Tolal iggregate 100 80-100 Ly-7y  30-9%5 20-10
9
38 R.I Pct. pass and ret Total mxture 100~0-15= 25-5, ~ 0-18 - 5-20 - 10~
39 §cC. Percent passing Total oggregate 100 T7o-97 58-19 k2.60
40 S.Dak. ditto ditto 100 90-100 >-90 50-75 35-3%
41 Tenn " 100 64- 16 L6-56
" ' 100  95-100 65-85 L ,-65
" ! 100 85-100
42 Texas |Pct. pr 8. and ret Total mixture 100-L ©7-100« "5-50 L 15-35 - -2
43 Utzh Percent pessing Totel zgrregate 100 90-100 710-100 60-90
4L vt ditto ditto 100 61-92 L16-8Y4 2bof)
45 Va. " ' 100 80-100 _0-(0 35-50
46 Vesh. |Pct. pass #nd ret. v 10/ «0-10 - 30-50 - 20-L9 - 30-]
47 W. Va | Percent nessing 100 8,-100 60-80 Lko-60 24=hy
48 thsc datto ' 95-100 75-100 L5385 30-5,
4o Vyo. " ' \ 100 50~ {0 30-50
11
50 Onterid " | 100 75-88 60-74 50-60 L1-60 29’-‘54
1/
" " i 100 92-100 T7-90 G4-TT 59-65 L45-69 33-59

SECEUIN

Passang No.
Maximum.

Iy, retazned No. 6 sieve, 0-11 perceni, passing No. 6 sieve,
Also, the No. 80 to No 20C matericl shall be at least
Not more then 1/11- of the 1/2-1n. to Lo. 4 frection in the surfac
Retained on No. 10, 30-60 percent.

Percent of material passing one sieve and retained on the neal finer sieve
Percent of totol eggregate
Round sieve-openings, 1/1+-1n s1ze and larger.

retained Mo 8, 0-11 percent

5 percent of total aggregate
e course shall be retained on a 3/8-1n sieve




TABLE 6 (continued)
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1954 Practice
|
| I —_ Specified
Bitumen Content Remarks Agency
No.30 [No.k0 | No 50 [ No.B80No.100[No.200 of Mixture
10-25 5-15 2-8 | 5.0-8.0 2/ At least“W™Dct. to be retnined between consecutive sreves 1 Ala.
15-25 2-10 4o 2 Ariz.
T0-85 99-96 | 5.0-8.0 3 Ark
h2-02 3-6 | 3-7 2/ | Beavy traffic L Calaf.
15-25 3-7 3-7 2/ Medium iraffic
2-30 11-19 L4-8l50-65 5 Colo
12-37 8-18 1-815.5-8.0 At least % pct. to be retsined between consecutive sieves 6 Conn.
15-25 10-20 5-10 | 5.5-8.0 7 Del.
10-30 3-15 ,2-8{k.0-8 0 8 D.of C.
- 927 - 5-18 1 5-8 {5.0-9.0 9 Fla,
15-35 10-20 »-10 | 6 0-10 10 Ga
. 5~12 | Not specified 11 Idaho
~— T-22 —_ 5-13 ~ 4-8 | 5.0-7.0 12 1Ill.
10-25 > 2-17 - 1.5 ~ 3-5 [6.5-8.5 45-55 pet. retained No. 6 - _ 13 1Ind.
19-3k 13-26 6+ 3-10 6.25 14 Towa
65-80 89 5/ 89-94 15.0-8.0 2/ 15 Kans.
2-20 0-10 0-5|b o0-80 16 Ky.
20-35 12-25 4-10 | 4.5-6.5 17 Ila.
12-40 7-19 3-8 |6.0-8 0 18 Me.
10-20 6-14 2.8 | 5.0~7.0 At least 4 pct. to be retained between consecutive sieves 19 M.
6-16 ~  6.16 ~ 410 -~ k-6 [6.0-7.0 35-45 porcent passing No 10 20 Mass.
25-40 <k 5-8 |4 5-6.5 21 Mich.
15-30 B-16 1-875.5-6.2 At least L pct.to be retained between consecutive sieves 22 Minn.
except two largest
28-h2 12-24 6-10 | 7.2-8.7 23 Miss.
- 5-20 5-18 —4-10 | %.0-7.0 2k Mo
5-20 5195 ~ 4-8|5.0-85 25 Mont.
78-88 85-93 90-95 |4 5-6.0 2/ | Heavy traffic 26 Nebr
77-87 89-95 | 4.5-6 0 2/ | Medaum traffic
20-27 13~20 5-11 {3.0-7.0 27 Nev,
10-30 5-20 3-815 5-7.5 28 N.H.
— 5-18 >~ h-18 - 3-16 - 4-8 5-8 Heavy trafiic 29 N.J
~ b2 6-22 3«20 - L4-8[5.5-9.0 Medium traffic
15-30 8-20 4-10 30 NM.
$-20 - 1-6 - 2-6 |5.8-7.0 31 N.Y.
7-21 - 412 285 5 32 WN.C.
Als-b2 10-28 5-17 2-8 14.5-9.5 33_N.Dak.
- 3-15 - 0-5 14, 5 34 Ohio
20-37 10-25 48 [ 5. 5 35 Okle.
I 3-9 - 3-7 ~ 3-715 o] At least 10 pct ret. 1/2 wnch 36 Oreg.
40-30 5-20 2-12 2-8 | 5. 5 6.5 10 9.5 pct. bitu for slag 37 Pa.
- 3-18 -3-5 -5-8 |6 5-8.> 38 R.I.
25-39 15-25 5-12 | 6. 5 At least 5 pct. to be retained between consecutive sieves 39 s.C.
smaller than 3/8 inen.
20-30 6~10 | 5.0-7 O L0 s.Dak.
19-27 Hell k 5.7.5 Heavy troffic 41 Tenn.
15-30 8-20 b9 | 4.5-7.5 Medium traffic
0-10 PE Medaum traific
- 5-25 4+  5-25 +2-10 |4.0-7.5 Lo  Texas
30-70 10-40 5-12 |5.0-6.5 43 Utah
19-3 10-26 5-8 {6.0-8.0 Lh vi.
10-25 315 2-10 {5.5-8.5 L5 Va.
- 20-50 ~ 10-30 -+5-16 |k.5-7 O 46 wash.
7-20 1-5 [6.0-10 k7 W va.
15-35 10-23 5-12 |k 0-£.0 At least 5 pct. to be retmined between consecutive Sieves k8 wisc.
smoller thon 3/8 inch.
5-10 | 5.0-7.0 49 wyo,
20-43 11-26 6-12 3-8 =T _2_/ Heavy trcific 50 Ontario
22.47 12-29 6-13 3-8 57 2/ | Medium traffic

E Boe

No 6 sieve.

Passing No. 4, reteined No. 6 sieve, 0-8 percent, passing No 6 sieve, retained No. 8, 0-10 percent.

Percent limitotions for material finer than No. 10 based on total fraction passing No. 10 OF total aggregate,
20-40 percent permitted to pass No. 10 sieve

No. 1k sievs.



TABLE 7

SPECIFIED TOLERANCES FROM JOB-MIX FORMULAS AND TYPICAL FORMULAS
FOR BINDER-COURSE MIXTURES

Specified Tolerances from Job-Mix Formula 1
Agency Mathod of Specifying| Basis of :er- Standard Sieve Size or Number - Square g8
Siove-Size lLimits | centage Lamits 1 [ 1/4" ] Ho & o B[No 10]tio 16]No 20]Na 30 | No k0 ho 50iNo 80No 100[No 2
{figures are percs us or minus o percel
1 Als Percent passing IPotnl aggregate 4 L 4 L L 5 5 3 E
2 Ariz ot specified
3 Ark Percent retsinad Ditto +5,-7 b +2,<4 9 3 L
L Calif |Parcent passing ' 6 5 :
2 " Within design limts .
7 T T T T 1Y LY L 1] & L]
8 1 5
9 e > 3
7 7 4 4 :
7 5 4 k ] E:
Not reported
- 5 + 3
o ] ] g ) g 2 2
7 3 +3,-5 +1,-3 1
L 3 L L 2 2 E
1 1 1 :
6 6 6 5 & L 3
T 1 7 4 13 L :
Not reported
21 Mich, Ditto Ditto =~ 3
22 Minn. |Percemt passing [Total aggremate 13 1 [)
23 Miss. |Percent pessing [Total aggregate T T T 7 T 7 6 5 2
24 Mo, Pet pass end ret Total mixture - 5 - 5 k 3 1
25 Mont Percent passing [Total aggregate 3 2 [
26 Nebr Percent retained Ditto T 5 5 bl 3 t
Ditto " Hot reported
27 Nev Percent passing " Not reparted
28 NE Ditto " 10 10 10 L3 b :
29 KJ T pass snd ret. otal mixture = 5
30 XM Percent passing Total aggregate 5 5 .
31 NY. Pct pass and ret [Total mixture
32 NC. Ditto Ditto - T 5 :
33 N Dak |Percent passing [Total mggregate Not reported
3% Onio
35 Okla Ditto Ditte 5 5 1 3 ‘
36 Oreg |Pct pass and ret Total mizture [ 4 PO 3 2 . 2
Ditto Ditto [ [} - L3 4 3 L 2 - 2
37 Ia. cont passing aggrogate H > F & L3 1] L3 |3
R.I Pct pass and ret Total mixture - 10 - 10 - 10 -4
39 8C Perceant passing [Total eggregate 3 T T &
0 S Dak Ditto Ditto 3 2
¥ Temn . . 7 L 2
42 Tex. |Pot pass and ret rota) mixture | f - 3 - 3 3 -
A3 Utah Percent passing Total aggregate T T 5 5 5 3
ki vt 1 Ditto 8 5 45 45 4
b5 Va. " +,-1 8 8 iy 13
46 Wash " - 15 +7,-8 +11,-10 +2,
LT W Va " M 7 7 b 3 4 13
48 wiec " " 5 5 5 3 3
L9 Wyo " " -12+15 6 6
. . y y
50 Ontarios > H 5 2 4

Percent of total agaregate

Round sieve openings, 1/% inch size end larger

T7/8 inch eieve

No 1h sieve

Indicated tolerances are usual working limits and are not spacified

LSS



TABLE 7 (continued)
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195% Practice
Typical Job-Mix Formula
Trtamen BItumen |
Countent
i daxture Remerks Agency
0« ot repories 1 Ala
Not reported 2 Artz.
o o 15 3 70 83 97 50 3 Ark
Not roparted b caltr
02 100 2z 75 35 . 2 6 g ’2!: p Colo
05 Conn,
i IS0 %6 B0 h g Eg —20 5 10 T Ty 7 Del
03 100 o 9 34 b9 8 Dore
05 8 - 20 > 48 9 Fla
0.5 100 o1 35 20 6 3 475 Heavy traffic | 10 Ga
05 100 97 30 12 6 3 b5 Medium traffic
Not reported 11 Ideho
0s 3% 34 27 50 12
Not reported 1% Ind
03 Te] Y4 1% Iowa
/05 35 70 85 91 9 6.0 15 Eans
03 100 95 67 5 k25275 75 25 53 16 Ky
05 100 90 65 50 35 25 12 4 50 17 Ia
05 100 35 26 22 9 2 06 56 18 Me
- 00 9 87 78 18 30 20 12 9 4 50 19 MW
100~ 38 8 217 | 98 * T7 51 b7 48 ~26 L8 20 Mass.
0.3 65 3 L, 21 Mich
025 100 6 36 22 55 22" Wi,
03 100 92 % T 60 50 30 16 80 55 23 Miss
05 - ok 9k 226 mw3 166 - 91 9.4 8o 61 -28 L3 2k Mo
03 Not reported 25 Mont.
[ %6 84 2 93 4.8 Heavy traffic | 26 Nebr
o 18 58 83 8 93 50 Medium traffic
Not reported 27 Kev
05 100 63 47 34 15 3 sk 28
03 v~ - 1B 30 29 N.J
03 100 90 55 ko 8 60 30 XM
Not reported 31 KNY
05 -2 20 - 42 ’ 29 -2 50 32 WC.
Not reported 33 K Dak
Binder Course not used 3k Ohio
03 100 4 > » ' 15 2 € 53 55 [ g ‘? 32
0.3 L 32 17 - - Heavy traffic | 36 Oreg.
03 8 4 33 - 18 16 - 8 - 55 ~ 52 6. Medfam traffl
0% 100 33 25 17 13 9 3 3 5.0 37 P
0.5 182 502 16 22 5.0 38 RI
05 100 100 8 50 2k 50 39 sc.
0.2 100 67 22 9 60 k0 5 Dak
03 Kot reported 41 Temn
2
ok 4 196 - 237 + 139 - 2Z2 - 89 ~ 1.6 - 1 ~10 ko k2 Tex.
Not reparted H Utah
Not reported YL
0.5 100 96 T2 50 30 [ 20 45 Vva
10 100 9 60 33 21 & 55 46 Vash
ok 00 % 62 36 19 5 2 b3 L7 W Ve
05 96 72 59 18 26 6 gg g 48 Wisc
05 100 T2 55 35 ¥ T 5.5 49 wyo.
013 100 ;1 [T 35 25 >3 2 56 5/ 50 Onmtario
i
—_— N
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TABLE 8

SPECIFIED TOLERANCES FROM JOB-MIX FORMULAS AND TYPICAL FORMULAS
FOR SURFACE-COURSE MIXTURES

Method of Specifying

Basis of Per-

No 1k sieve

QTR

Round sisve openings, 1/‘& inch size ard lerger
Five percent pass No 200 sleve for heavy traffic

Indiceted tolerances are usual working limts and are not specified

Sieve-Size Limts Limits [1-1/2"[1-1/4"] [No 16|No 2080 30]
(figures are percer minns
1 Ala Percent pessing Total aggregate — L 5 - 3
2 Anz Ditto Ditto Not reported
3 Ark Percent retained 5 5 -7 3 2 ;
L Calif | Percent peesing " 6 5 3
5 Colo Ditto " 5 +5,-7 +5,-3 +3 -1
6 Comn " " 5 ) b [ b 2
T Del v 7 i E] 5 5 5 5 P
8 DofC " v 7 7 5 5 5 3 2
9 Fla Pct pess and ret " - - 5 - 5 - y 3 2
10 Ga Percent pessing " 5 1 L 4 2
5 4 4 3 2
11 Ideho Ditto " Not reported
12 I Pct pass and ret (Total mixture - 3 - 3 =15
hd 3 - 3 is
13 Ind Ditto Ditto 2/ 3
1 Iowe Percent passing Total aggregate 8 8 5 2
15 Eans Percent retained 1itto 5 5 +5,-2 +4,-3 15
16 Ky Percent passing " Y & L 2 2 2 2
17 Ie Ditto " { 1 3 3 3 2
18 Me N " 6 6 5 3 L 3 2
19 M " " T L & & 4 s 2
20 Mass Pot pass end ret.|Total mxture
2] Mich Ditto Ditto - 2 - 2 —05
22 Mimn Percent passing Totel aggregate 4 1 1 L L 4 05
23 Miss Ditto Ditto 7 7 T 7 6 5 2
2Lk Mo Pet pass and ret {Total mixture —- 5 ' 3 +10
25 Mont Ditto Ditto Not reported
26 Nebr Percent retained Total aggregate T 5 5 3 2
Ditto Ditto
2§ Nev Percent passing " Not reported
28 NH Ditto " 10 10 } 2
29 NJ Pct pess and ret |Total mixture 4 — +3,-1
Ditto Ditto L -— +3,-1
30 N M Percent passing Total aggregate 5 5 5 1 L 3 3
31 NY Pet pess and ret |Total mixture Not reported
32 NC Ditto Ditto T - 5 - 5 -~ 5 5 - 2
33 N Dek | Percent pessing Total aggregate Not reported
4 Omo | Pct pess and ret |Total mixture Not reparted
35 Okla | Parcent paseing Total agaregate 5 5 B 1 3 2
36 Oreg Pet pess and ret |Total mixture 1) - y 3 4 2 - 2 -2
[ L hoo. 3 - 2 - 2 - 2
37 Pa Percent pessing Total aggregate 5 5 b 5 L 4 4 'Y b
5 5 4 4 4 ) 4 4 4
. 2/
38 RI | Pct pess and ret |Total mxture 10+ 10 ~20%10— & " - -
39 sc_ | rercom peamng Total te 1 W 4 b 2
5 Dak Ditto Ditto 3 2 2
41 Tem " " 1 L L 3 3 2
k2 Tex Pct pass and ret. {Total mixture o 5 - 3 . 3 - 3 -- 2
43 Utah | Percent passing Total aggregate T = 5 - 3 - 2
4 Ve, Ditto Ditto 8 8 45 45 ) '
U5 Va " " +4,-8 ¥ i y A
46 Wash » bl 5 15 10 +8,-9 42 b,-
L7 W.Va 4 i 7 5 13 13 3 2 2
L8 wasc
. " 5 2 3 3 3 2
49 Wyo. " " 10 10 3
50 Ontara 5/
" " 5 5 4 5 b 2
Percent of total aggregate
No 6 sleve



TABLE 8 (continued)
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. . . = - 1954 Practice
Typrcal Job-Mix Formula
1 tumen Fitwmen |
Content Remarks Agency
f Mixture o 100 |No 200 jof Mixture
1/ ok Not reported 1 Ala
Not reported 2 Anz
} 05 [ 34 52 73 92 60 3 Ark
Not reported b Ccalif
02 100 95 80 » 5 60 5 Colo
05 100 47 36 32 2k 1n 4 60 6 Comn
R3] 100 92 55 38 25 20 15 7 59 Del
03 100 90 58 46 26 11 2 56 8 DofC
oh -~ 2 13- 28 - 17 - 10 - 12 12 o~ 6 57 9 Fla
05 100 98 45 18 10 6 6 5 |Beavy traffic [10 Ga
05 100 98 0 b4 23 14 7 T 25| Medium traffic
Not reported 11 Idaho
05 - 39 ~ 18 - 11 - 13 - 75 -60 5 5 |Heavy traffic 12 111
05 - 38 - 17 12 - - 7 _~60 6 0 |Medium traffic
03 ot reported 13 Tnd
03 Not reported 14 Iowa
Y o5 20 55 2 85 % 1/ 7 15 15 ans
03 100 92 5 60 k25 30 1 5 25 517 16 Ky,
05 100 95 70 50 25 18 8 5 15 17 Ia
05 100 62 43 31 21 1 35 68 18 Me
100 95 3 55 38 25 16 1n 4 19 M
05 -~ 322 4+ 214 A 116 + 78 4 70 — 78~59 63 20 Mess.
[ - 55 == 3k ~ 59 <
025 100 100 55 45 24 12 58 58 22 Minn
03 00 10C 88 66 34 18 8 80 23 Miss
05 ~ 06 <86~ 315 U9 - 129 - 115 s 90>56 5% 2k Mo
Not reported 25 Mont.
] 20 16 69 84 90 93 1/ 4 8 [Heavy traffic |26 Nebr
] 3 18 58 83 89 93 1/ 50 |Medium traffic
Not_reported 27 Nev
05 100 ) 50 20 5 () 28 W E
03 50 = 39 25 ~-50 5 75 |Heavy traffic 3/[29 N J
03 A ko ~50 6 0 |Medium traffic3/
03 100 8 10 5 30 22 14 7 60 30 KM
Not reported 31 Y
05 - 1 - 6 - 17 = 19 = 12 A 72 60 32 m.c
Not reported 32 N Dak
Not _reported 3% Omo
03 % 8 [ &7 27 (3 50 35 Okla
— 1h 32 - 17 - 15 - 6 -— 53 ~50 5 7 | Beavy traffic 36 Oreg
03 ~ 8~ 33 - 18 - 16 - 8 - 55 =—52 6.3 [ Medium traffic
0 100 %5 L0 28 20 10 5 L 6 O [Beavy traffic 37 Pa
0k 100 95 60 Jus 35 25 15 9 6 6 4 | Medium traffic
2 .
05 w4 5- 29 s Vs 4 o5 - 19 1 5+ 6 70 38 RI
ok 100 10 56 30 19 1 65 scC
02 100 T 22 9 6.0 40 8 Delk,
03 Not reported 41 Temn.
ok 25- 318 - 233 - 109 138 > 10 >27 50 3/ k2 Tex
025 Not reported 43 Utah
Not reported W vt
05 100 96 80 gg 16 6 70 k5 Va
_L%____‘_______ 100 30 4 25 46 Wash
0 100 9 k5 32 9 25 6.5 47 W va |
60 48 Wisc
05 98 86 [ 51 25 1k 6 65
05 100 60 ko 7 60 ko
50 Ontario
03 100 83 55 36 17 L 6.0| 6/
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USE OF STABILITY TESTS IN DESIGNING AND CONTROLLING BITUMINOUS CONCRETE MIXTURES

TABLE

9

Measured Cba.ructerlstxcs‘

Limits for |Limits for
Test Values {Test Values Stability Value Flow Relative De
Agency Stability Test Included in Used in Medium Heavy Traffic | Medium Heavy Treffic | Medium Heavy
chiﬁ.cntions Design Only| Traffic |Traffic| Undiffer. | Traffic | Traffic [Undaffer. | Traffic |'1‘raff1c
(0.01") (percent of the
1 Ala. Marshall x 1000 1500 m |
2 Ariz. Hveem x 30+
3 Ark Marshall x 500 12
L Cealif. | Hveem x 35
5 Colo. Marshall x 16-
Hveem b4 35
6 Comn Marshall x 1500+ 16~
T Del. Marshall X 500+ 20-
8 D of C.| Hubbard-Field x 1500
9 TFla. Hubbard-Field X 1200 3000
Asphalt Institute x 95-98
10 Ge. Hubbard-Field m
11 Idaho Hveen x ho+
12 111, Marshall x 1200+ 1500+ 12-20 8-16
13 Ind Trial and Error
14 Iowa Hveem x
15 Kans. Triaxjal Compression x
16 Ky. Trial and Error
17 La. Marshall x 1000+ 8.18
18 Me. Hveem x 35-50 m
19 Md. Marshall x 1000 1500
20 Mass. Hveem x 35-50
21 Mich. Hubbard-Field
22 Minn. Marshall X 500+ 20-
23 Miss Marshall (modified) x 200-400 L00+ 90+ 9o+
2k Mo. Rubbard-Field X 3000+
25 Mont Hubbard-Field x m
26 Nebr. Hubbard-Field m
Immersion-Compression
27 FNev. Hveem mn
28 N.H. Unconfined Compression 300-400ps1
29 K.J.
30 N.M. Marshall x 1500+ 12-20
31 N.Y. Trial and Error x
32 N.C. Unconfined Compression x 200+ 300+
Immersion-Compression
Vibrating Table
33 N.Dak. | Marshall x 1000-1500 10-15
Bubbard-Field x 3000-4500
34 Ohio Vibrating Table x
35 Okla. Hveem x 35+
36 Oreg. Hveem m
37 Pa. Trial and Error
38 R.I. Hubbard-Field x 2500
39 s.C. Mershall x 600+ 2000+
4o S5.Dak. Marshall x 500+ 20-
41 Tenn. Marshall x n m
Hubbard-Field m
42 Tex. Hveem (modified) x 35+
|43 Utah | Marghall x 1000+ 12-18
Ly vt. Marshall m n
45 Va. Marshall 500 1500 20-
Hubbard-Field x 1500 2000
46 Wash. Hveem x 35+
T W.Va. Trial and Error
48 wisc. Marshell x 1000+ 1500+ 16-
49 Wyo. Direct Compression x 200 psi
50 Ontario| Marshall x 1500+ 15-
Triexial Compression x

y An "n" indicates that the characteristic was reported as measured, but no limiting values were reported.
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195k Practaice
Lnd limiting Values 1/
Voids Voids Filled with Asphalt | Specific Gravity
Mediur Heavy Traffic { Medium Heavy Traffic | Used in Theoretical Miscellaneous Agency
Traffic | Traffic |Undiffer | Traffic |Traffic |[Undiffer. Calculations
Apparent 1 Ala.
Bulk 2 Ariz.
3-5 Bulk 3 Ark.
1 Apparent, Bulk Cohesiometer Value 50+ L calif.
Swell 0.030"+.

k-6 Bulk 5 Colo.
ok-97 Vacuum Saturated 6 Com.
Max. 3-5 75-85 |Bulk T Del.

Bulk 8 D.ofC
9 Fla.
Bulk
m n Bulk 10 Ga.
Apparent 11 Idaho
Apparent 12 11l
13 Ind.
2-6 14 TIowe
Bulk Cohesion 8 psi. Angle of 15 Kans.
internal friction 25°
Modulus of deformation 25000 psi.
Surface Dry 16 Ky.
92-96 Bulk 17 1Ia.
Apparent 18 Me.
Apparent, Bulk 19 M.
92+ 8- Bulk 20 Mass.
! Apparent 21 Mch
i ke Bulk 22 Minon.
Apparent 23 Miss.
| 3-6 Apparent, Bulk 2k Mo.
95-98 | Bulk-Surface Dry 25 Mont.
Bulk 26 Nebr.
27 Nev.
' 3-8 Apperent 28 N.H.
29 N.J.
94-98 75-85 |Bulk 30 KN.M.
3-5 Bulk 31 N.Y.
3-8 Bulk 32 N.C.
Max. Bulk 33 N.Dak.
3 5 Bulk 34 Ohio
94-98 Apparent, Bulk 32 Okla.
m Apparent, Bulk 36 Oreg.
" 37 .
Apparent 38 R.I.
! Apparent 39 S.C.
94-98 75-85 |Effective 40 S.Dek.
Apparent 41 Tenn.
gh-98 Bulk 42 Tex.
3-7 93-97 |Apparent 43_Uteh _ |
m n Surface Dry o vt
90 Bulk 45 va.
90 Bulk
Apparent L6 Wash.
k7 W.Va.
9L-98 Apperent 48 wisc.
92 Apparent 49 Wyo.
ol-g7 3-6 65-85 |Effective ' 50 Ontario
Cohesion 15 psi. Angle of
internal friction by cell test,
27 + for heavy traffic.




TABLE 10
BITUMINOUS CONCRETE CONSTRUCTION REQUIREMENTS - PART I

Plant
te St Requirements Maximum Mixing-Time Requireme
Agency tock Piled| Stock File Aggregate Asphalt ure at | Moisture in Batch-Type Plant 4
Se te Construction Tg;g%m Cement Discharge |Aggregates Dry Wet Total Total
OF percent sec. sec. sec. B8ec.
1 Ala. Yes - 225-350 Varies 225-300 0.5 Thorough ks 45 -
2 Ariz. No y N.S. 375 max. 3/ N.S. 375 max. 1.25 Tharough 30 - Thorough
3 Ark. Yes In layers 350 max. 300 max. | 250-325 N.S. Thorough 30 - 30
No segregation
4 Calif. Yes No segregation | 275-350 275-350 N.S. 1.0 N.S. 30 30 N.S.
or degradation
5 Colo. Yes N.S. 225-325 200-325 225-325 2.0 Thorough L5 N.B. L5
6 Conn. Yes N.S. 300~-350 N.S. 265-325 N.S. 15 30 45 45
T Del. Yes No segregation 325 max. 250-350 275-325 N.S. 15 ] 90 -
8 D.of C. Yes 3-ft. layers 250-400 250-350 250-350 N S. 15 45 60 -
9 Fla, Yes 3-ft. layers 250-340 250-340 | 250-340 Dry 15 45 60 60
Min. 6' height
10 Ga. Yes layers 350 max. 250-350 300 mex. - 15 45 60 45
11 Idaho No 3-ft. layers 325 max. 200-400 325 max. 1.0 - 30 30 30
12 111, Yes - 1/250-350-B 250-350 | 325 max.-B Dry 5-B 30 35-B 35-B
275-375-8 350 max.-S 15-8 45.5 45-5
Ind. Yes No coning 300-375 200-300 225 min. 10 15 30-45 45-60 |Thorough
or segregation
Iowa Yes L-ft. layers 275-335 225-300 310 max. No foaming 20 30 50 50
Kans Yes No segregation 325 max. 275-325 225-325 No foaming |Thorough|35-B 60 N.S.
or degradation h5-5
Ky. Yes - 250-325 225-325 | 250-300 Trace 15 30-45 40-60
1a. Yes - 250-350 250-325 250-325 10 NS L5 15
Me. Yes N.S. 250-300 275 min. | 300-350 NS 15 55 70 -
M. Yes boft. lifts 250-325 250-350 225-350 N 5. 15 ks 60
Mass. Yes N.S. - 275-350 250-300 N.S NS 45 N.S -
Mich. Yes No segregation |400 max.-B 275-350 280-375 00 10 35-B 45-B
425 max.-S 50-5 60-S
Minn. 325 max. 225-300 325 max. Surface dry 15 25 40 40
Miss. 250400 250-350 250-320 Dry - - 60 -
Mo. 225-350 250-325 N.S. N.S. 15 30 45 35
Mont . 225-275 225-300 | 225-300 K.S. Thorough| 45 - -
Nebr. 250-325 250-350 275 20 N.S. 15 30 L5 ks
Rev. 275-325 250-400 275-325 1.0 10 30 Lo -
N.H. 250-325 250-350 | 250-350 o foaming - k5 45 35
N.J. 225-350 250-325 325 max. N.S. Thorough 5 L5
.M. 50-325 | 275 B0 | 250-280 Dry 10 30 50 30
N.Y. Yes N.S. 325 max. - 225-275 N.S. 15 30 L5 -
N.C. Yes o segregation |250-375 250-325 250-350 N S, N.S 45 45 -
N.Dek. N.S. o segregation |325 max. 300 max. NS. Dry 15 20 35 -
Ohio Yes - N.S. 300 max. | 325 max. Dry 15 30 45 45
Okla. Yes o intermixing [325 max. 250-300 325 max 0.5 5 30 35 35
Oreg. Yes - 325 max. 300 max. 250-325 N.S Thorough 30 NS -
Pa. Yes ~ft. layers 3. 250-325 | 225-325 Try Thorough | B0 255 =
R.I. Yes - 300-375 250-350 | 275-350 N S. 15 k5 60-75
scC. Yes o segregation [250-350 - 250-350 N.S Thorough 45 45 -
S.Dak. Yes - - - 235-325 1.0 - - 35 35
Tenn Yes o segregation |300-400 250-325 &/ 250-325 NS - - 30 ko
5/ 200-300
Tex. Yes - Varies 180-350 200-350 N.§ 5-20 30 35-50 35-50
Utah Ro - 250-320 250-325 250-300 - - 30 - -
Vt. Yes = 275-350 < 275-350 - Thorough | 45 55 -
Va. Yes 5-ft. layers |225-300 225-275 225-275 0.2 15 45 60 45
Wesh. Yes b-ft layers 300-385 250-325 260-375 N - 30 - N.8
W Va. Yes [Preserve 300 max. 250-300 200-300 [ 0.5t0 1 0 15 L5 60 60
uality
Wisc Yes N.S 225-350-B 250-350 250-350 1.0 Thorough 45 60 -
275-375-8
Wyo. No NS 250-325 275-350 250-350 10 - 30 |Thorough 30
Ontario Yes yers 325 max 275 max N S. NS 15 25 40 35

1/ B = binder-course material; S = surface-course mater:al 2/ Formla 411 Dead Capacity (1bs 3/ N
Sec = Pugm1l Output 51‘bs.5sec)
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TABLE 10, PART I (continued)

Placement
= Te! Témen! [ Spreading and 137t Thicknesses
mious Alr [3 Finishing Machine OTmA.
Determined Minimm Daily Tolerance ating Spedd Binder f Em. Binder Surface Agency
OF £t. per min. Tnches Inches inches | inches
mla 2/ 40 - N.8. K.S. - - - - 1 Ala,
Not reported N.8. N.5. N.8. - Not used 3 Not used 2 2 Aris
Not reparted 35 250-325 25 - 3 2 23 % -2 3 Ark.

- 4o N.S. N.S8. ¥.8. 2 2 % 1% 4 calir,
mala ¥.S. 225-325 N.8. - 3 2 1 1; 5 Colo.

- 60 265-325 t 25 N.8. 2 2 1 1 6 Comn.
mils ko 255-305 N.S. N.8. 2 1t - - 7 Del.
mila 50 22%-350 t 20 - 2 2 1 1% 8 D.ofC.
gmill dead capacity - bo 250-340 *30 7-28 2 2 1 1 9 Fla.
ba.
mile ko - - 10-20 - - 1-2 1 -1k 10 Ga.

- 35 200-300 ¥.8, ¥.8. - 2 - 11 Idaho
mle 4o 250~325-B T 20 20-25 2 12 1% 1 12 I111.

250-350-8 .
Not reported Lo 225-325 20 N.S. - - - - 13 Ind.
mula ko 250~275 t2 35 max. - - - - % Iowa

- ho 225-325 N.8. 10-20 - - 14 1% 15 Kans.
reted capacity of plant | ko 2254300 N.B. 25 max, 1, 14 % % |16 Ey.
tinuous plent not used 36 250-325 t 25 N.5. 2’é 2 2 2 17 lis.
mala ko 275-325 tos N.8. 1 1 1 1 18 Me.
mla 32 rieing 225-350 %20 5-30 3 2 2 1% 19 M,

38 falling
mle ko 250-300 £ 20 N.5. - - - - 20 Mags.
tinuous plant not used Lo 280-375 120 5-20 70 pessy. [130 p.8.y. - 100 p.s.y. | 21 Mich.
mula 40 N.8, t20 30 max. 2 1& 14-2 22 Mim,
mile 50 [~ 225-325-B 25 - %L 3* 2 12 23 Miss,
250-350-8

mila 50 200-350 25 ¥.8. 2 2 1 3£k 13 24 Mo,

male 4o 300 max. t10 10-20 2 2% 1; 14-2-2% 25 Mont.
mule ho 275 max. t 20 10-30 - 2 - 14 26 Nebr.

- 50 275-325 t 20 - 2 23 - - 27 Nev.
mile hsg 225-350 N.5. - 3 1 2 1 28 N.H.
imous plant not used 325 max. t 15 550 - - - - 29 N.J.
o I1 output 35 rising 225-258 | T 15 20 max. < 2 i3 2 ig L5 A

40 falling

- 50 225-275 ¥.8. N.8. 1% 1 1 1 31 MY,

mile 35 225-325 t 30 30 max,-B 3 2 1 4% 32 N.C.
20 max.-8
mila 35 225 min. - 30 max. Var, Ver. - 33 N.Dak.

- - 240 min. %25 As required - 14 - 1-14 3% onto
ula ko 225-300 * 20 - - - 2-3 12 35 Okla.
ula 40 ggo-soo N.S. 10-50 3 3 2 14 36 Oreg.
mla ) 5=300 T8 - 3 T 2- I 37 F=a.
Linuous plant not used 40 250-375 t 2 Avold tearing 1% 14 13 13 38 R.I.
ula 35 250~350 t20 - - - - - 39 8.C.
city of mixer, drier and ko 250-325 t10 30 max. 1-1% 2 1-1% 14 40 8.Dek.
mlt pump
ule ko gns-sm t 2 - - - 2% 1% 41 Tenn.

175-275
reported N.5. N.8. 130 - Y 13 : iﬁ ﬁg Tex.
mile 50 250-300 - - =1 Utah
ple I 275-325 T 25 - !1§ 1-15 1§ 1 B ve!
wls 40 225-275 t 20 10-30 2 1% 2 1 45 va,

- zs 250 min. - - 3 - 1-3 - 46 Wash.
bservation 5 200~300 t 20 - - - - - 47 W.Va.
mle 50 225-325-B %20 20 max. 1% 1% 14 1% L8 wisc.

250-350-8
mla Lo 250-350 N 8. Avold tearing 1 2 1% 1 49 Wyo.
1 1a 45 N.8 K.8. 10-20 2 1% 2 bt 50 Ontaric

ocified in specifications. 4/ Stone. 5/ Gravel.
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TABLE 10
BITUMINOUS CONCRETE CONSTRUCTION REQUIREMENTS - PART II

Compaction
Rolling Requirements
Agenc, Max Tons Per Minimum Num- Roller Maximum
geney Roller-Hour ber of Rollers Types Other Requirements Roller Speed
mph
1 Ala. 30 2 T or W 2
2 Arz 2/ n.s. N.S. T or P N.S.
3 Ark. 50 N.S. T or W -
4 Calif 100 N.S. T, P, or N.S.
5 Colo. - 2 T and W N.S5
6 Comn. 25 1 T and W First roller tendem, additional 3
rollers 3-wheel
7 Del. ko 2 T and W N.S.
8 D.ofC. - 2 T 1.5
9 Fla. - 2 T One roller per 450 s.y. per hr. N.S.
10 Ga. N.S. N.S. TorW 3
11 Idaho 75 1 T N.S.
12 1I11. 2 T end W One tandem and one 3-wheel for 75 ton/ 1.8
hr. or less; additional rollers tandem
13 1Ind. - 2 T and W One 3-wheel to two tandem mex. retio N.S.
14 TIowa 40 2 T and W Only one 3-wheel roller per job X.S.
15 Kens. N.S. N.S TorW 1.5
16 Ky. 25 2 TorV Only one 3-wheel roller per job N.S.
17 1la. 50 N.S. TorW N.S.
18 Me. N.S. N.S. T Initial rolling with 2-axle tendem, N.S.
final wvith 3-axle tandem; not over
200 s.y. per rollerper hr.
19 Mad. - N.S. T One roller per 300 s.y. per hr; 2-axle 3
or 3-axle tanden only.
20 Mass. 375 N.S. N.S. N.S.
21 Mich. - 2 T Two rollers for each spresder N.S.
22 Minn. 50 2 T eand W 3
23 Miss. 35 N.S. Tor W 3
24 Mo. To obtain finish 2 Tor W Tandem roller preferred 3
25 Mont. 80 2 T and W 3
26 Nebr. Lo N.S. T and W 3
27 Nev. - N.S. T Require 3-axle tandem -
28 N.H. - N.S. T Final rolling by 3-axle tandem N.S.
29 N.J. - 2 T and W One roller per 1000 s.y. per hr. 3
30 N.M. 50 3 T,W and P | Two of three to be steel-tired Avoild displacemen
31 N.Y. 25 N.S. Tor W 3 ‘
32 N.C. - N.S. T One roller per 1000 s.y. per hr. 3
33 N.D. - 2 T or W Must obtain required finish 3
34 Onio 30 2 T and W 2.5
35 Okla - 2 T,W and P | Pneumatic rollers permitited in excess N.S.
of two
36 Oreg. 75 N.S. T orW Avoid displacemen:
37 Pa. 30 2 T end W Additional rollers shall be 3-wheel Avoird displacemen
38 R.I. 100 2 T and W N.S.
39 S§.C. N.S. N.S. T Avo1d displacemen
L0 S.D. 2 Tor W One tandem and one 3-wheel required 3
per spreader
L1 Tenn. - 2 T end W One roller per 500 s.y. per hr. N.S.
42 Tex. - 2 T and W One tandem and one 3-wheel, or one N.S.
2-axle end one 3-axle tandem
43 Uteh 4o N.S. 7,4 and P N.S.
Yy V. 150 1 T Addrtional roller per 200 tons per hr. 3
45 Va. 35 2 T and W Avoid displacemen
46 Wash. - 2 TorW Two rollers for eech spreader Avo1d displacemer
L7 W.Ve. 30 N.S. TorW -
48 Wasc. 30 N.S. T or W 1.7
L9 wyo. 4o 3 TWor P Must include one 3-axle tandem. Add Avoid displacemer
roller for eech 40 tons/hr. over 160.
50 Ontario Lo 2 T or W 3

y Type of specific gravity of aggregates used in theoretical calculation of demsity of voidless mass*

N

A - Apparent specific gravaty.
B ~ Bulk specific gravaty

S - Bulk, surface dry specific gravity

V - Vacuum seturated
Not specified In specifications.
Not specified, but considered desirable.

Percentage values selected for each project individually.

T = Tandem, W = 3 wheel, P = Pneumatic.

Relative densities (voidless, apparent speci
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Other

Dens1ty Requirements

Required

Relative Density Density upon Which Percentage Surface Smoothness Agency
Bainder [ Surface Requirements are Based Binder Surface
percent | percent

85 40 Voidless ~ A 1/ 1/4"-10" /410" 1 Alae.

2/ N.s. N.S. - 1/4"-10! 2 Ariz.
- - 3/8'-10' 1/4*-10' 3 Ark.

3/ 97+ 3/ 91+ Voidless - A N.S. 1/8 -10' L calar.
95+ 95+ Voidless - B 1/ 1/8' -10° 1/4"-10t 5 Colo.

3/93-96 | 3/93-96 Voidless - V 1/ N.S. 1/4"-10 6 Comn.
- - 1/4"-16 1/4"16! 7 Del.
N.S. 90+ Voidless - A N.S. 3/16"-10" 8 D.of C.
95+ 95+ Voidless - B 1/4 .10 1/4"-10° 9 Fla.
95+ 95+ Hubbard-Field compacted specimen 3/8"-10' 1/4"-10' 10 Ge.
N.S. N.S. N.S. 1/4"-10 11 Idaho
95+ 95+ Vordless - A 1/h"-10" 1/8"-10* 12 I11.
- = 1/47-10° 1/8"-10° 13 Ind.
98 98 Not stated 1/4' =10 1/8"-10° 14 Iowa
88+ 90+ Voidless - B 1/4"-101 3/16"-10' 15 Kans.
N.S. N.S. 1/16"-1" 1/8"-10" 16 Ky.
98 98 Marshall compected specimen 3/16"-10' 3/16"-10" 17 1Ila.

9k-98 9L-98 Voidless - A 1/2"-20! 1/4"-20" 18 Me.
%2+ 92 Voidless - A 1/8"-10" 1/8"-10" 19 Md.
92+ 92+ Voidless - B - 1/4"16" 20 Mass.
N.S N.S. 1/4"-10" 1/4"-10 21 Mich.
N.S. N.S. N.S. 3/16"-10' 22 Minn.
|3 & Marshall compacted specimen 1/8"-10' 1/8"~10' 23 Miss.

997 9k-g7 Voidless - A, B 1/4"-10" 1/8"-10* | 2k Mo.

95-98 95-98 Voidless - S 1/2"-10" 3/16"-10' | 25 Mont.

3/91-92 | 3/91-%2 Voidless - B < 3/16"-10" ™26 Nebr.
90 Not stated - - : 27 Nev.

3/ 95+ |3/ 95+ Voidless - A 1/4"-10" 1/k"-10* 28 N.H.
N.S. N.S. - 3/16"to 1/8"-10' 29 N.J.
- 92-96 Voidless - A 3/16"-10* 3/16"-10" 30 N.M.
N.S. N.5. 1/4"-161 1/4"-16 31 N.Y.
95+ 95+ Voidless - B 1/4"-10° 1/4"-10° 32 N.C.
N.S. N.S. 1/4"-10! 1/4"-10° 33 N.D.

- 90-95 Voidless - B 1/47-10" - 3Lk Ohio
%+ 92+ Voidless - A, B 3/16"-10' 3/16"-10" 35 Okla.
92+ 9%+ Voidless - A 1/10"-10' 1/10"-10' 36 Oreg.

3/ 95+ |3/ 95+ Voidless Flex. bese 1/4"-16' [Flex.base 1/4"-16' | 37 Pa.

Rigid base 1/8"-16' [Rigid base 1/8"-16"
- ok Hubbard-Field compacted specimen - - 38 R.I.
N.S. N.S. N.S. 1/8"-10" 39 S.C.
N.S. N.S. N.S. 1/57-12° 0 s.D.

3/85-90 |3/85-90 Vordless-A (flexable, 85 percent; 1/4"-121 1/4 120 41 Tenn.

rigid, 90 percent)

3/91-96 |3/91-96 Voidless - A 1/4"-161 1/4"-16" b2 Tex.
92+ 92+ Voidless - A N.S. 1/8"-10" 43 Utah
95-99 | 95-99 Marshall compacted specimen N.S. 1/4"-16" Lk v,
90+ 90+ Voidless - A 1/47-16" 1/87-16" L5 va.
N.S. N.S. N.S. 1/8"-10* L€ wWash.
- - - 1/8"~10* 47 W.Va.
N.S. N.S. N.S. 1/4"-10° L8 wisec.

3/ 95 3/ 95 Veidless 1/ .10 1/ "_10t 49 Wyo.
N.S. N.S. 1/8"-10* 1/8"-10" 50 Onterio

ravity) of 92+ percent for heavy traffic end 90+ percent for medium traffic.
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TABLE 11

BITUMINOUS CONCRETE EQUIPMENT REQUIREMENTS - PART I

Equipment
Used in Convey-
Agency ing Aggregate
to Cold Bins
1 Ala Clamshell 3 Supply full aixer capacity Yes Combinaticn Yas Yeos Produce prog
2 Ariz ¥s i NS - No - - - N8
3 Ark Clamshell NS RS Yeu Combinatlon No You [Produce proj
4 Calif Oravity belt and tunnel 2 NS Yes Individual Yes Yen -
5 Cole NS, S X 8. Yen Combination Yas Yes NS
6 Comn NS ¥} - Not required, Compartment Yeon Yes NS
but used
T Del Clsmehell N B. Supply plant-rate No Compartment - - -
8 D.of C. - - - Yes Compartment Yen Yos -
9 Fla. Clamshell NS - Yen Cambination Yes Yes Produce pro;
10 Ga Draglice 2 Hot less than 3x dead-load Yes Comtpartment Yes Yes Produce pro|
capacity of mizer
11 Idsho Bulldozer - - No - No No NS
12 I Crane and elevator 3 - Ton Compartment Yen Yen Peed & mini:
to proper
I3 1. Tlavator I* = Yeos - Yes You Prodice pro
1L Iowa - Buppl, plant-rate Yes - Yes - Ad Justable
15 Kans Clamshell NS - Yes Combination Yes Yes Produce pro
16 Ky. Clamshell 2 Supply plant-rate Yes Combination Tes - Foed & mini
to proper I
12 T &nd conveyor b.£:) Yoo I Compartment Yon Yoo X3
belt
18 Me. Clamshell Supply plant-rate Yes Compartnent Yes Yen Ad justable
19 Ma, .8, Supply full mixer Yes Compartment Yo Yon Yesd throug
capecity
20 Mnss K 8. - Yes Compartment Yeos Yes Ad justable
21 Mich. Power shovel and - - Yes Compertment Yen Yeos |Ad Juatable
conveyor N
22 Mimn. Conveyocr belt - N8, Yes Reciprooating Yen Yen Positive cc
te feeder
23 'TH Crens or belt Varies as to type Buppﬁ full mixer capacity Yos Coapartment Yos Yes [Accurate me
conveyor of mixture
2k Mo N.8 Ons for each Ns. Yen Individual Yen Yen Produce pre
sggregate aite
2% Mont. Conveyor belt - Supply full mixer capscity Yer Combination Yes Yos Uniform fer
26 Hebr. Clamshell One for esch N.8. Yes Cempartment Yen Yes No locking
aggregate sire spacified 1
27 Nav. Belts - - Yes Individual Yez - -
28 N.H. Trucks - Yes Canpartment Yon Yes N
29 N.J. N.S. One for each - Yen Ccoapartment Yes Yen Accurate M
aggregate size
30 N.M. - - - Yes Conibination - - Poaitive o
(apron type calibrate
31 N.Y N.8. N.8 - Yes Compartment Yes Yes Produce pr
32 N.C. N.8 One for each Bupply full mixer capacity Yen Reciprocating Yoo Yoo Accurate &
aggregate sive or vibrati: total &
33 N.Dak. | Mechanical means One for each Fo less than 3x dead-load Yos Combination Yes Yes Accurete m
sggregate nize capacity of mixer
3% onte Clazshell or truck 2 - Yeo Canpartment Yes Yen Produce pr
35 Okla. Bulldozers or One for each In excess of mixer capacity Yen Compartment Yes - Accurate m
clamshell aggregate size
36 Oreg Saparate tunnels 3 - Yes Tndividual Yes Teos Positive ¥
[CTamehell 25 - Yoi [ Todividwal Yor o0 [Koourate n
38 R.I Belt and bucket - - Yeos Compartaent Yeos Yes Controlled
ceaveyor
g 8.C. - - - You Cempartment Yes Yes -
0 B.Dek Conveyor - - Yes Individusal - - Produae FI
41 Temn. |Clamshell and conveyor - - Optional Combination - - (Acourate 1
belt
k2 Tex. Clamshell 3+ - Yes Compartxzent Yes - Feed from
ccmpartmer
43 Utsh - N.8. Supply plant-rate Yes Compartment - - |Batistact
| feeder
B vt Crane 2 upply ~rate Yeon Compartment Tes Yen -
45 Va Clanshell 2 Supply plant-rate Yes Compartment Yes Yen Uniform fe
46 Wesh. | Belt and slevater - - Yes Individusl Yes Toa N
L7 W. Vo, | Mechanical 2 - No Compartment - - Uniform fi
48 Wisc. Clemshell and dulldozer K 8. - Yes . Compertment Yeos Yas Uniform £
49 Wyo. Bucket elevators - - No Compartment - - Produce
50 Ontario N8 3 3x mixer capacity Yes Compartment Yes p{1] -

1/ Not specified in apecifications.
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Requirements for Aggrepgate Screens
Sealping Screen j
nts | Opening Related Reguired sureening Efficlency
b to Maximum Capacity (Tolerances in Specified Bin Sizes) Agency
‘ Aggregate Size of Screens
proportions 1/k 1n  larger In excess of Not specified 1 Ala
mixer capacity
| 1/8 1n larger NS Not specified 2 Ariz
. pronortions 1/8 in larger NS Not specified 3 Ark
‘ 1/h in larger Prevent overflow Not more then 10 pct undersize material in any one bin  Maximum variation per day L celaf
6 pct on No L sieve, 5 pct on No 30 sieve, 3 pct on No 200 sieve
s NS Not specified 5 Colo
No scalping screen |In excess of mixer Not specafied 6 Comnn
capacity
1/6 in larger In excess of mixer Not specified ‘7T Del.
ca 1%;
1/4 in larger Synchronized with [Not more than 5 pct in any bin larger than top-size screen for bin, not more than 20 8 Dof C
‘ speed of plant pct  in intermediate-size-aggregate bin smaller then bottom-size screen for bin, not more
than 10 pet 1n large-size-aggregate bin smaller than bottom-size screen for bin
proportions 1/8 in larger In excess of mixer Not specified 9 Fla
‘ capacity
~ proportion l/li in larger In excess of mixer |No carryover 10 Ga
capacity
NS NS Maximum carryover of 8 percent 11 Idaho
of 3 sizes 1/2 in larger - Size No 1 90+ pct pass No 10 sieve Size No 2 95+ pct pass 1/2-in sieve, 2 1
10ns 15- pct pass No 10 sieve Size No 3 95+ pct pass 1l-in sleve, 15- pct pass
1, n_sieve
proportions - In excess of mixer [Not more than pct  In eny bin Iarger than Jesignated top size, not mare than 10 pet 13 Ind
capacity in No 2 bin to pess No 6 sieve, not more than 20 pct in No 3 bin to pass 1/2 in
sieve
E) No larper In excess of mixer Not specified % Iowm
capacity
Iroportions NS In excess of mixer Not specified 15 EKans
capacaty
of 3 sizes 1/16-1/4 in - Not more than 5 pct in any bin larger than top-size screen for bin, not mare than 5 16 Ky
10ns larger pet in No 2 bin pessing top-size screen for No 1 bin, not more than 10 pet 1in No
3 bin peseing top-slize screen tor No 2 bin, not more than 15 pct in No 4 ban
passing top-size screen for No 3 bin
1/h in Jarger N S§ Wot specified IT Ia
o8 1/% in larger 125 pct of plant Not specified 18 Me
reted cepacity
eparate bins 1/8 in larger In excess of mixer |Efficiency of 85 rercent, based on laberatery sieves 19 M
capacity
es - Min of 50 ton/hr Not specified 20 Mass
es 1/8 in larger In excess of mixer [Tolerance of 10 percent, maximum of 5 pct ret No 10 sieve for sand 21 Much
capacity
ol 1/8 in larger NS Not spacified 22 Mimn
nical foeder 175 in larger In excess of pro- Not specified 23 Miss
duction requirement
proportions - In excess of mixer {Efficiency of 85 p » based on y sleves 24 Mo.
capacity
- In excess of mixer Not epecified 25 Mont
capacity
1ces As 1/8 in larger Prevent 1nter'ption Not specified 26 Nebr
ngineer of plant production
- In excess of mixer Not specified 27 FNev
capacity
NS Min of equivalent Not specified 28 NH
to mixer capacity
nical feeder HNo larger In excess of mixer Not specified 29 NJ
capacity
ol 1/“ in larger In excess of mixer [Meximum carryover of 10 percent 30 § N
capacity
proportions 1/16-1/8 1n In excess of mixer Not specified 31 NY
larger capacity
tments for 1/8 in larger In excess of mixer Not specified 32 NC
tional feed capacat;
1 ical feader No scalping NS Rot specified 33 N Dek
screen
proportions - - Bin No 1 5 pet max retained No 6 sieve Bin No 2 10 pct max retained 1/2- 3k ohio
in sieve, 15 pct max pass No 6 sieve Bin No 3 5 pct mex retained l-in
s1eve, 25 pct, max pass 1/2-1n sleve Bin No © pct retained 2-in sieve,
25 pct max pess l-in sieve
1cal feeder 1/16-1/h in In excess of mixer {Bin No 1 mineral filler Bin No 2 90-100 pct pess No 10 sieve Bin No 3 35 Okla
larger capacity 685-100 pot retained No 10 sieve, 85-100 pct, pass 1/2-in sieve Bin No 4
\ 85-100 pet retained 1/2-1n. sieve, 100 pet, pass topsize sieve
e control 1/8 in. larger In excess of plant Not specified 36 Oreg.
nical feeder NS ff*~iency of 85 percent, based on lebaratory sleves 3T Ia.
nd NS Not specified 3B R I
1/8-1/% i larger - Not specified 39 5¢
proporiiona No scalping screen |Equal to output of Rot specified 40 5 Dak
drier
nical feeder - In excess of mixer Not specified 41 Temn
capacity
ate NS In excess of mixer [Efficiency of 85 pct hased on labaratory sieves, except that at lesst 90 pot of b2 Tex.
eapacity fmaterial in fine-size bin must pase No 10 sieve
achanical NS In excess of mixer Not specified 43 Utah
capacity
1/8 in, larger In excess of plant Fot specified Vt.
capacity
1/16 in lerger Prevent interuption [No 2 Bin not more than 10 pet. umdersize No 3 bin not more than 15 pot k5 va.
of plant production [undersize No 4 bin not mare than 20 pet undersize
1/16-1/8 1n 300 tons per day  [Plus or mimus 10 pet. undersize or oversize for screen used 46 Wash
larger
1/2 in larger NS Not specified 47 W Ya
NS In excess of mixer Not specified 48 wWisc.
capacaty
proportions N.S In excess of mixer Not specified k9 Wyo.
capacity
NS NS Not epecafied 50 Ontario
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Equipment Used During ‘rocessing of Hot Aggregate 1 Storage and Beating of Bita
31ns [ __Thermamstric Eg
pe it ‘Type of Instru
Agency Munber of _ Permtted [Recording Terminals Req'd |Required Instrument Requared ment Used
Compartmants Minimm Pyro- Thermo- |Instrument [Single Tua. Sensitivaty and Capacity of Pyr Thermo
er | e_i_ . _ Capacity . meter | _meter | Required |Drier | Drier Efficiency Storage Tank |moter meter
1 Als 3 3 ! Supply full mixer capacity | Yes Yes No L] 5 - One day's run No Yes
'
2 Artz - 2 §Ss 1/ NS ns o us ns - ns - I -
3 Ark 3+ 3+ NS Yea Yes No 1 - - ns N Yes
|
b Calif 3 3 NS Yes Yes No s H 8 |10°F in one minute NS No Yes
% Colo 3 - FS Yes Yes Yas NS NS | NS NS NS NS
6 Comn 37 | 3 Mo of 25 tom per hour- | Yes | Wo To LE) L] L] 10 hours operation| No Yes
supply full mixer capacirty
T Del 4 3 Supply plant-rate Yes Yeos Yes NS NS NS One day's run No Yes
8 Dot C 3 3 - Yes Yes No 1 1 - - Ho Yes
9 Fla 2 3 Supply full mxer capacity | Yes Yes Yes 1 2 NS One day's run No Yes ]
10 GCe. 2+ 2+ Not less than 3 times desd-| Yes Yes No 1 2 - One day's run No Yes 1
1 load capacity of mixer 4 ] PR
11 Idaho - 3 Tes Yos To LE] NS NE L] No Yes ‘
12 111 3 3 Min capacity of 6 tons Yes Yes Yas 2 3 NS One doy's run Yes Yes
\
13 Ind 3 3 - Yes Yes Yes - - - One day's run Yo Yes ‘
14 Taowve 34+ 3+ Supply plant-rate Yes Yag Yes - - - One day's run | No | Yes 1
15 Kans 3 3 3 times mixer capzc.ty Yes Yes Yes 3 3 10°F n 15 minutes RS No Yes
16 Xy 3 3 Supply plant-rate Yes No Yes 1 1 NS One day's run No Yes
I7T Ia I 3+ L3 Yes a5 Yes T T L) | L) To Yes
18 Me 14 Supoly plant-rate Yen Yes Yo 1 2 us 'Min 10,000 gal ur Yes |
19 M 3+ 3+ Supply full mixer capacity | Yes Yes Ho 1 2 as ns Y - |
20 lmss - - - Yea Tiv Io - - - Min ¢, 00 g1 Yes Yo
21 Mich d ? 10 times mixer ¢ EAacity Yes o do 1 1 [2,F 1n one minute |One diwy's run Ilo Yes \
22 Minn 3 3 TS ns 45 Ho NS us - L No ¥
23 Mss Varie: to Sup, 1y full mixer capacity | Yea Yes e s NS s ns llo Yes
type ;xxture
2§ Mo 3+ 3+ NS Yes Yes No - - - Min of 2 tanks 1f| No Tes
delivered by truck
25 Mont 2 3 Supply full mixer capacity | Yes Yee Yes 1 2 NS One day's run ' Yes Yes
26 Nebr 2+ 2+ NS Yes Yes No 1 - NS NS | No Yes
27 Nev 3 3 - Yes Yes Yo 1 - - NS I No Yes
l
28 NH 3+ - Yes Yes To - - - NS No Yes
29 NJ 3+ 3+ Supply plant-rate Yes Yes No 1 2 - One day's run , No Yes
0 NH Z 3 = Yes Yos Yes T = = One day's run No Yes
31 NY LY L3 Fot lesa than 3 times dead- | Yes Yas Fo 1 - HS NS - -
loed capacity of mixer
32 NC 3 3 Supply full mixer capacaty | Yes Yes Yes 1 - \s directed One day's run tio Yes
33 N Dak One for jpach size|Not less than 3 times dead- | Yes Yes Yes NS NS NS One day's run i3 Yes
aggregatl used load cepacity of mixer ‘
34 Ohlo - 3 - Yes Yes Yen 1 1 - One dey's run No Yen
35 Okla 3+ 3 Supply plant-rate Yes Yes Ho NS NS NS One des's run No Yes
36 Oreg 3 3 Supply plant-rate Yes Yeas Fo - - - Provide continucus [ No Yes
operation
37 Pa 3+ 2+ - Yes Yes Yes 1 1to?2 - NS No Yes
38 RI L 3 - Yes Yeos Yes 1 - - KS No Yes
39 s8¢ 2+ 2+ - Yes Yos (-3 1 2 - Cne dey's run No Yes
40 5 Dak 3- 3- - Yes Yes No 1 - 10°F Provide contimuous | No Yes
ratl
1 Tenn 3+ 3+ Supply plant-rate Yos Yes Yes NS NS NS ditto No Yes
k2 Tex by by - Yes Yen Yes NS NS NS Ns No Yes
k3 Utah 3 3 Supply plant-rate Yes Yee Yes 1 2 NS Provide continucus | No Yes
operation
Wy v 3 3 Sup, 1y plant-rate Yes Yes Yes 1+ - - In excess of plant, No Yes
capacity
45 Va 3 3 Supily plant-rate Yes Yes Yes 1 2 ns One day's run Wo Yes
16 Wesh 3 3 - Yes Yes Yes 1+ 1+ = NS No Yes
\
k7 W Ve 3 2 - Yes Yes Yes 1 - NS Min 500 gal No Yes ‘
8 Wisc 3 2+ ' NS Yes Yes Yo 2 2 ns ns Lo Yes
49 Wyo 3 3 Sup; 1y plant-rate Yes Yes Yes NS NS - One day's run Ho ! Yes |
50 Ontario 3 3 '3 times mixer capacity Yes No Yes 1 NS NS One dey's run No Yes ‘

1/ Mot specified in specafications
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Requirements for Mixing Plants

Aggregate Weighing

dousuring Bituminous Materiel (Batch Plant)

___ __Eguipment (Batch :lsnt) Agency
by Type of “Fequired Minimum
Required Accurac Wed, nt Weigh-Bucket Capaci
] | ghed| Equipme ' gh pacity |
Multiple beam, !0 5 pct of max load 'Bean or 110 pet of mixer capacity 1 Als. '
springless dial ispringless dial
¥s RS 'Spring-type scales! ¥s 2 Arts. !
Multiple beam, |0 5 pct of max lomd 1Springless dial | K5 3 Ark
\ springless dial |
No ditto Rot greater than 2 pet for Springless dial | NS L Calif
any setting nor 1 5 pet b
for any batch |
No X x x Scales 0 5 pet of load scales NS Colo
No 3 x Maltiple beam [0 5 pct of Joad st or aggregnte Conn
] or springless wveight
! dial '
No ' ditto O 4 pct through load range Beam or Hot greater than twice wt 7 Del.
[ siringless dial |of matrl to be weighed
No x x x ditto 0 5 pet or lese of load - - 8 DofC
No x x x ditto 0 5 pet of max load Beam or - 9 Fle
springless dial
No ditto 0 5 pct  of load Scales 20 pct,  of aggregate 10 Ga
weight
No x x [Tx T[8iingless aial| Y5 pounds x i 5 dial Tcient for one batch T Ideko |
o x x ditto 0 4 pet of weigh —hopper x Springless dial 10-20 pet of mixer 12 1m
loed capacity
o x Multiple beem, |0 5 pet of true weight of - 15 pct  of aggregate 13 Ind
springless dfal] load weight
- x x ditto 0 5 pct of max load, 5 lbd x - - 1 Iown
o x x ditto 1 0 pct of max 1loed x Beanm or 20 pct of mixer capacity 15 Kans
springless dial
o x x ditto 04 pet of mex load x - 12 pct of max mixer 16 Xy.
capacity
o - x x ditto 10 5 pet of loed x x - - N8 17 1a
No - x x x ditto 0 5 pet of max load x x - 25 pet of rated capacity 18 Me
- - x x x x ditto 0 5 pet of max load x Scales 15 pct  of mixer capacity 19 M
To - x x x Springless dial |0 5 pct of max load x - 10 pet of mixer capacity 20 Mass
o - x x uitto 5-1b mun gradation x Springless dial Sufficient for ons butch 21 Mich
1 - x x Multiple beam, |0 5 pet of net load x Beam or NS 22 Mi{mn
swranglees dinl sprangless dial
lo x x x ditto 0 5 pet  of load x (Beam or Sufficient to charge mixer 23 Miss
springless dial ot mox ca) o
o x ditto 0 & pet of net load - 15 pct of mixer capacity 2 Mo
fes ditto 0 5 pet  of load or Sufficient for one batch 25 Mont
springless dial
Vo x x X x Hopper & scales NS x Scales NS 26 RNebr
fo x x Multiple beem, |0 5 pct of load x - NS 27 Nev
springless dial
Yo x x Stendard makes [Approved x x Scales Sufficient for one batch 28 NH
o x [Weigh box or JApproved x z Beam or Sufficient for one batch 29 NJ
'hopper suspend- springless dial
ed on scale
lo x x F3 x Springless dial [0 5 pet of load [Scales - 30 AN
- x x x Multiple beam, [0 5 pct of max load [Scales N8 31 RY
springless diel
Yo x x x x ditto 0 5 pct of max load x Scales NS 32 NcC
o x x x x ditto + 20 pounds - 20 pct of aggregate 33 N Dak
weight
o x x x Sprinpless dial - x - - 3% Ohio
o x x x Meltiple beam, |0 5 pct of max load x |Beam or 15 pet of mizer capacity 35 Oxla
apringless dial springless dial
o ditto 0 5 pct of max load - L 36 Oreg
L3 ditto - {Beam or 11 pct of mixer capacity 37 Pa
springless dial
lo Springless dial NS [Beanm or 10 pct of mixer capacity 38 RI
springless dial
o x Multiple beem, |0 5 pct of loed - RS 39 8¢
springless dial
o x ditto *50 1bs per batch - L?o pct  of mixer capecity 40 S Dak
o ] x x ditto 05 pet of total lomd x Scales '20 pet of mier capacity 51 Temn
e 5 x x ditto 0 % pet  of net loads x Springless dial, NS b2 Tex
| cylinder
o éitto 05 pet of total load {Beenm or RS k3 Utah
:lprlngluu dial
o x Weigh box or Ns I - - b vt
hopper or
scales
o x Multiple beem, [}2 1bs lsprangless dial 12 pct of mizer capacity 45 Va
apringiess dial
o x ditto [0 5 pct of mex load fBeem o Yot greater than twice wt U6 Vash
apringless dial of mtrl to be weighed
o x x ditto 05 pct of max loed x - 10 pot of mizer capacity by W Va
o x x ditto 0 5 pct  of max load x [Beam or NS 48 Wisc
springless dial
res x ditto 1/2 of min gradation [Beam or |Adequate 49 Wyo
springless dial
o x ditto 0 5 pct of max loed - 20 pet of agg weight 50 Ontario
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TABLE 11
BITUMINOUS CONCRETE EQUIPMENT REQUIRFMENTS - PART III

Requirements for M

Pugmill Mixer (Batch Flant)
| Timing Device
Agency Permissible Mixer-Blade Mex. Allowable | Taime [Specified
Type of mixer | Minimum Capacity Rotation Mixer-Blade Lock| Minimam
| . _._ __|Normally Used of Mixer Rate Clearance Used [Interval
1bs. rpm in s6eC.
1 Ala. Twin shaft 1000 - - No -
2 Ariz. ditto K.8. 1/ - N.S. No -
3 Ark. " N.S. - 3/4 No -
4 calif. u N.5 70-90 N.8 Yes 2
Colo. _f __ " N S. N.S. NS N.§ | N.S.
Conn " 750 - 1 No -
7 Del " N.S. N.S. 2 Yes -
8 D.of C. " 1500 ko 2 No -
9 Fla. " N.S. - N S. No -
10 Gae " 1000 - 3/4 No -
11 Tdaho " N.S. N.S. N.S. No -
12 111 T 1000 55-T5 3/ Yes 5
13 Ind Batch 2000 - 3/4 Yes -
14 Iowe Twin shaft - - 3/4 Yes 5
15 Kans ditto 2000 N.S. 3/ Yes 5
16 Ky. " 2000 NS 2 Yes 5
17 Ia " N.S. 56 N.S Yes N.S.
18 Me. " % rated capecity | As rated by - Yes -
manufacturer
9 M\ i 1500 - 2 No -
20 Mass. " 52 cubic ft - 2 No -
21 Mich. " 2000 60+ 1 Yes -
22 Mwnn " N.S - 3/h No -
23 Miss. Rotary drum NS N.S. N.S. Yes -
| _ or twin shaft
2k vo. JTwin shaft 2000 N.S 3/b (1-in.agg.) | Yes | W.S.
25 Mont. ditto Rated capacirty Produce 3/% Yes -
uniform mix
26 Nebr. " N.S. N.S. N.S. Yes b]
27 Nev " N.S. - - No -
28 N.H. " 2000 - - No -
29 N.J. " 1000 - - No -
30 N.M. w - As rated by 1/2 Yes 10
manufacturer
31 N.Y. " 2000 N.S. 3/ Yes 5
32 K.C. " 2000 N.S. 3/ Yes 5
33 N.D. [Rotary drum 2000 N.S. 3/4(1i-1n.agg.) | N.S. -
or twin shaft
34 Ohio |Twin shaft 2000 - - Yes 5
35 Okla ditto 1500 = 3/5(Tk-1n.8gg.) | Yes 5
36 Oreg. " Depends on job T0~90 N.S. No -
tonnege
37 Pa. " N.S. Most effective 3/’& Yes -
speed
38 R.I. " Rated capacity 58-60 2 Ko -
39 S.C. " - - 2 No -
40~ S.Dak. " 2000 60 2 No -
41 fTenn. " 2000 - 3/ Yes 5-
42 Tex. " 1500 N.S. N.S. Yes N.S.
43 Utah " 2000 N.S. N.S. Yes -
Ll vt " - N.S. N.S. No -
45 Va. " 2000 %0-60 rm 1-14 No -
46 Wash. " 300 ton 18-hr. As rated by N.S. No -
day manufacturer
L7 W.Va. " 2000 N.S. N S. Yes 15
L8 wisc. " N.S. N.S. 3/k Yes | N.S.
49 Wyo. " N.S N.S. 3/ Yes -
50 Ontario " 2000 - 3/ N.S8.| N.s

1/ Wot specified in specifications.



TABLE 11, PART IIT (continued)

1xi1ng Plent
Mixer (Continuous Plant) Transpox
Type of Paddle Requirements Truck Insulatic
Mixer Capable of [Minimum Allowable Cover Requirement
Normally Usual Maximum Rate Angular Reverse Capacity of Cover Type
Used of Production Adgustment| Motion |Discharge Hopper Required Specaified
tons per hour lbs.
Twin pug 120 Ye- Yes NS Yes -
ditto 125 les No N 8. No -
" For satisfactory mix Yes No N.S. When reqa. by -
Engineer
" For setisfactory mix Yes No N.S Yes Tarpaulins
| " N S. ] Xes No N S. Yes Canvas
" For satisfactory mix Yes Yes NS Yes Waterproof
canvas
" 50 - Yes N.S. Yes - below 50°F |Canvas
" 120 Yes Yes - Yes -
" N.S. Yes Yes N.S. Yes Waterproof
canves
" Screen capacity controls Yes Yes - Yes Tarpeaulins
| 50 Yes - One batch __No ] -
T ko-120 Yes Yes 2000 Yes Canvas
" - Yes Yes - Yes Canvas
" Mfr's. rated capacity Yes Yes 2000 Yes -
" Mfr's. rated capacity Yes Yes 2000 When req by -
Engineer
" Mfr's rated capacity Yes Yes N.S Yes. -
Type not used Yes -
- - - - - Yes Canvas
Twin pug 120 Yes Yes N.S. Yes -
ditto N.S Yes Yes N.S. Yes -
Type not used Yes -
" N.S No No N.S. Yes Waterproof
canvas
" 80-100 Yes Yes N s. Yes Canvas
i N.S. Yes Yes N S. Yes Canvas
" Mfr’'s. rated capacity Yes Yes N.S. Yes As by
Engineer
" N.S. Yes No 200 Yes -
- - - - - Yes -
|Twan pug [Mfr's. rated capacity; Yes Yes - Yes -
| min. of 80 tons per hr.
I Type not used Yes Canvas
i'l‘win pug%creen capacity controls Yes No N.S. No -
! - - - - - Yes Canvas
| Twin pug |[Mfr's. rated capacity Yes Yes N.S. Yes Cenvas
; ditto [Mfr's. rated capacity Yes Yes N.S. Yes -
" - Yes No - Yes -
v N.S. Yes Yes N.S. Yes -
" N.S. Yes Yes K.S. As needed -
i " [For satisfactory mix Yes Yes - Yes Canvas or
heevy paper
" Type not used Yes Canvas
" For satisfactory mix Yes e - Yes -
i 160 Yes Yes 1000 In cool westher -
" - Yes Yes - Yes Tarpaulin
" N.S. Yes No N.S. In cool weather |Canves
" - Yes No K.S. Yes Canvas
] " Plant size controls Yes No N.S. Yes Canvas
] " Mfr's. rated capacity Yes No N.S. Yes Tarpaulin
Twain, N.S. No Ko N.S. Yes Tarpaulin
| single
T™wvin pug ko Yes No - Yes Waterproof
canvas
ditto 120 Yes Yes N.S. Yes -
" N.S. Yes Yes N.5. Yes Cenves
Twin, N.B. Yes Yes 2000 Yes -
saingle
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TABLE 11, PART III (continued)

tation Placing
n Requirements Spreading and Finishing Machine
Body Insulation Requirement | Side Forms [leveling Device to C te for Irregularities| Use Screed
Tnsulation Type - Not Heater
_Required | Specafied [With [Without [Used [Used, Description _Yes No
x
No - x - | - -
No - x X - x
No - x x - b
No - x x Ad justable screed x
R - .-l - x X Barber Greene - Adnun _ X
No x x - x
Yes - x x Barber Greene x
Yes - x x - x
No - x x - X
No - X x Screed riding on compacted surface X
N | - x - N 5.
Yes 3/k-1n. x x Barber Greene x
- - - x - - -
No - x x Controlled by tracks on runners x
- - X x Self-leveling screed b4
No - x x - x
No - X X - x
No - x x | x - x
No ] - x x - x
No - x x - ~ -
Below 50 F. or 3/k-2n. x - | - |Barber Greene - Admun x x
long haul Bar .Gr Admun
Yes - after l/2-:m. X b3 Equalizang runners, straight-edge X
Sept. 15th runners, evener arms
- - x - | - |Barber Greene - Adnun X
No - x X - x
No - x b 4 Barber Greene x
No - x x |Barber Greene x
Yes - x x Screeds x
No - x x - x
Yes - X x Equalizing runners straight-edge - -
o . runners, evener Arms
No - x x |Activeted strike-off x
- - x x Ad justable strike-off x
No - x x Equalizing runners, straight-edge X
runners, or evener arms
No - x b Mechanicel straight-edge runners, x
evener arms
Yes - X x leveling arms x
- x x Deleyed screed reaction x
No - x x Adjustable activated screed x
In cool - x x 10-ft runner x
weather
When req by Wood x x Hend ~screw mechanism X
Engineer
- - ] x | x - x
No - x X Barber Greene with crawler treads x
No - x x |Screed X
In cool weather - x i x - z
When req by
Engineer - b 4 ''x Barber Greene x
- - X Barber Greene x
No - x x Equelizaing runners, straight-edge X
o runners, evener arms
- - x x Adjustable screed x
Yes Celotex x x Evener arms x
When req. by - X b 4 - x
Engineer
No - X x - x
No - x x Hinged floating screed x
— 1




TABLE 11, PART III (continued)

- 195h Practice
Compacting Rollers
I Types Required or Specified ‘Specified
| Permitted: T=Tandem |Total Weight Compression Agency
_ W=3 Wheel, P=Pneumatic Limit Weight
tons 1bs./in. roller width
T or W 5-10 330 1 Ala,
T or P 10-14 N.S. 2 Ariz.
Tor W 7-10 200 3 Ark,
T, Wor P T8, W10 325 4 Calif,
T and W T 5-8; W 10 N.S. 5 Colo.
| T and W 10 N.5. 6 Conn,
T and W T 8-10; W 10-12 250 7 Dél.
7 - 200 8 D.of C.
T 8-10 200+ 9 Fla.
Tor W T 7-10; W 10 200 10 Ga.
__ _ I 8+ N.5. _ . 11 _Idaho
T and W 8-12 250-h00 12 Iii.
T and W 10+ 300+ 13 Ind.
T and W 8+ 250+ 14 Iowa
Tor W 8-12 N.S. 15 Kens.
T or W TT; W10 350 (W) 16 Ky.
Tor W N.S. N.S. 17 1a.
T T 8-10 250 18 Me.
. e e o _|3exleTi6e21 | .
T + 00 19 M.
N.S. - 240-285 20 Mass.
T 8+ - 21 Mich
i T and W 10+ 250+ 22 Mion.
T or W T 7-10; W 10 200+ 23 Miss.
Tor W 8-12 200+ 24 Mo.
T and W 10+ 200+ 25 Mont.
T and W 8-12 T 200; W 300 26 Nebr.
T 8-12 - 27 FNev.
T 8+ 260+ 28 N.H.
! T and W - 200 29 N.J.
T, W and P 8-10 325 77 300 WM.
T or W T 8-12; W 10-12 250 31 N.Y
T N.S. 250+ 32 N.C.
Tor W 5-10 200+ : 33 N.D
1
T and W T 8-12; W 10-12 - 3% Chio
T, W, and P N.S. N.5. 35 Okla.
. Tor W T 6; W10 200 36 Oreg.
T and W 8-10 T 250; W 330 37 Pa.
T and W 10-12 N.S. 38 R.I.
T . _8-10 250+ 39 8.C.
Tor W 10+ 250+ 40 S.Dak.
T and W T 6-10; W 10 N.S. 41 Tenn.
T and W T8; W10 N.S. 42 Tex.
T, W and P 10-14 N.S. 43 Utah
T + - W Ve,
T and W T 7-10; W 10-12 250 45 Va.
Tor P 10 N.S. 46 Wash,
Tor W T 8-10; W 10 - k7 W. Va.
TorW 8-12 250 48 wisc.
b oo ware 3-axle T 12-19 250 () 49 vyo.
Tor W 8+ T 200-250 50 Ontario
[ ) W 310-350
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TABLE 12
TESTS PERFORMED ON SAMPLES OF PLANT-PREPARED BITUMINOUS-CONCRETE MIXTURES

Tests Performed in Field Laboratory Tests Per
Agency 1/ Y
Gradation [Extraction | Density |Mershall Others Gradation [Extraction | Density jMarshall
1 Ale. L 2/ L, c2f c L I, C c
2 Araz. L L L
3 Ark. L L L [
b cenr. | W 2/ N c L, C L, C L, c
5 Colo. L L c N L L
6 Conn. L, C L, C L L, C L, C c L
T Del. L L C L [+
8 D.of C.| L L L [
9 Fla. L L c Compaction (L) L ¢
10 Ga. L L c Hubbard-Field (L) L L C
11 Idaho L L Moisture L L
content (L)
12 Ill. c L L c L
13 Ind. N c c C
14 Iowa [+ c L, C i, C c
15 Kans. L, C L, C C L
16 Ky. L L c L
17 Ia. L, C L L, C L L, C L L, C L
18 Me. c c c [+ c c c
19 Md. L L L c
20 Mess. L [+ C |
21 Mich. L L L L
22 Minn. L, C L, C L, ¢ c
23 Miss. L, C L, C L, C L L, C L
24 Mo. L c L, C L, C [
25 Mont. L, C C L, C [ L, C
26 Nebr. c c L L L
27 Nev. _ L, C
28 N.H. L L L L [o}
29 N.J. L, C L, C L, C L, C L, C L, C
30 N.M. [ [ [ L [ [ c L
31 N.Y. L L L L
32 N.C. c c c L L [
33 N.Dak. L C Thickness (C) L [ L
34 Ohio L L c L
35 Okla L L L, C
36 Oreg. C [ L, C [
37 Pa. L L L
38 R.I. L L L [
39 S.C. L, C L, C L, C L, C L, C L
40 B5.Dak. L L L L L
41 Tenn. L L c L L
L2 Tex. L L L
43 Uteh L L c L L Cc
4 vt. i, C L, C C L, C L, C L, C
k5 vVa. L L c L L c
46 Wash. L L L o
€
|
L7 w. Va. ¢ c c c
48 Wisc. L [+ [ [+ c |
|
49 Wyo. L L c Thickness (C) |
50 Ontarioj C [+ c [+ J
y Many agencies celculate the theoretical void content following the determination of density of sa

2/ L - Semple of loose mixture.
C - Sample of compacted pevement.
N - Not known whether semple 1s of loose mixture or of compacted pavement.



TABLE 12 (continued)
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1954 Practice

rmed 1n Central Leboratory

Minimum Frequency
of Sampling

Method of Removal of

Density-Test Specimens

Hveem Hubbard- | Abson Compacted Pavement From Pavement Agency

"b:n.lometer Field |Recovery {Thickness Others for Density Test

l One per day Hand tools 1 Ala

| Rarely Not reported 2 Araz.

L One per 2000 tons Hand tools 3 Ark.

A Hveem (L) One per mile Hand tools L calaf.

| cohesiometer

One each % hours Core 5 Colo.
L, C One per day Air hammer 6 Comn.
- Core 7 Del. |
Occasionally Asphalt cutters 8 D.of C.
Compaction (L) One per day Core 9 Fla.
L c One per day Core 10 Ga.

. Moisture Seldom - 11 Idaho

| content (L)

i One per day Hand tools 12 I11.
= - 13 Ind.

! One or two per day Saw 14 Iowa
Triexial (L) One per day Hand tools 15 Kans.
compression

One per day Hend tools 16 Ky.
c One per day Hand tools 17 Ia.
One per 100 tons Core 18 Me.
[ Each contract Saw 19 M.
. C One per 1000 tons Air } 20 Mass.
None - 21 Mich.
- Air hammer 22 Mimn.
Engr's.discretion Hand tools 23 Mss.
L [] One per day Saw 24k Mo.
One per day Hand tools 25 Mont.
L One per 200 tons Hand tools 26 Nebr.
One per day Varied 27 Nev.
Unconfined (N) one per day Sew, hand tools 28 N.H.
compression
One per 15,000 s.y. Air hammer 29 N.J.
or less laid each day
Four per dey Split ring 30 N.M.
None - 31 N.Y.
c Unconfined (N) One per day Cutting tool 32 N.C.
L compression
- Hand tools 33 N.Dak.
Engr's. discretion Core 3k Ohio
One per day Saw 35 Okla.
Start of job - occa- Core, hand tools 36 Oreg.
sional check
- Core, saw 37 Pa.
- Core 38 R.I.
c One per day Saw, hand tools 39 5. C.
None - 40 S.Dak.
Two per day Cutting tool 41 Tenn.
None - k2 Tex.
One per 5000 s.y.t Rings 43 Tten
- Core Wy vy,
[+ c One per day Core 45 vVa.

, C Swell (C) Hveem - Core, hand tools 46 Wash.
cohesiometer
(L. ¢)

- Not reported Y7 W. Va.
Average one every Not reported 48 Waisc.
other day
Each shift Hand tools 49 Wyo.
Triaxial - Saw 50 Ontario

campression (C)

- from the compacted pavement.
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TABIE 13
BASE PRIMING IN CONNECTION WITH BITUMINOUS CONCRETE CONSTRUCTION

Bituminous Grades Used
L

Bituminous Grades Normally

far Prime C Prime Coat
Agency Ju_d_zvr_‘ orads
Asphalt Tar On Flexible Base On Rigid Base Reported
1 Ala. RC-1,2, MC-1,2 RT-1,2 RC-1,2; MC-1,2 RC-0,1, MC-0,1 --
2 Ariz. MC-2 Not permitted (MC-2 No rigid base Me-?
3 Ark. RC-1;M-0,1,Emlsion | Not permitted |MC-0,1 RC-1,Emulsion MC-1
4 Calaf. | SC-2,Pen.Emulsion Not permitted |SC-2 Pen. Emlsion Sc-2
5 Colo. MC-0 Not reported I[Not reported Not reported MC-0
6 Conn. No prime coat required
7 Del. RC-1, 3 ot permitted [RC-1 -3
8 D.of C.|RC-2 Not reported |Not reported RC-2 RC-2
9 Fla. RC-1 RT-3, b RT-3,%, RC-1 None RC-1
10 Ga. MC-1 Tar Tar Tar MC-1
11 Idaho RC-0,1, MC-0,1 Not permitted |Not reported Not reported R’g-o, i
-0,
12 Ili. RC-0 RT-6 Not reported RC-0 RC-0
13 Ind. RC-1,2,3,4,Emlsion Not permitted |RC-1,2,3,4 RC-3,k4
Emlsion Emulsion
14 Iowa RC-0 Not reported |Not reported RC-0 RC-0
15 Kans. RC-1; MC-2 Not permitted |MC-2 RC-1 MC-2
16 Ky. RC-2, Emulsion Tar Tar Emulsion RC-2
17 Ia. RC-1 Not permitted [RC-1 RC-1 RC-1
18 Me. M-0 Not reported [Not reported Not reported MC-0
19 M. MC-1 Tar Asphalt Asphalt MC-1
20 Mass. RS-1 Not reported |Not reported RS-1 RS-1
21 Mich. MC-0, AE-2 T3,k MC-0 AE-2 MC-0
22 Munn. RS, RC, RT-1,2,3,4 Med. Curing Emulsion Mc-0,1,2
Mc-0,1,2 Cut-Back Rapid Curing
Cut-Back
23 Mss. MC-1 RT-2,3,4 Me-1 Not reported MC-1
24 Mo. MC-0 RC-0 Not permitted [MC-0 RC-0 RC-0
25 Mont MC-0,1 Not permitted [MC-1 MC-0 M-1
26 Nebr. RC-1, MC-1 Not permitted |[MC-1 RC-1 MC-1
27 Nev. MC-1 Not permitted [Not reparted Not reported M-1
28 N.H. RS-1 MC-2 RT-3,4,5 Asphalt RS-1 Mc-2
29 N.J. MC-0,1 RC-0 RS-1 RT-1,2 MC-0,1, RT-1,2 RC-0, RS-1 All
30 N.M. M-1 Not permitted |MC-1 None MC-1
31 N.Y. No prime coat required
32 N.C. MC-0 AE-7 Not permitted [MC-O, RC-O,AE-T MC-0, RC-0, RC-0
RC-0 AE-T MC-0
33 N.Dak. | MC-0,1,2 Not permrtted |MC-1 No rigid base MC-1
3 Ohio RC-1,2, MS-2 RT-1,2 RT-1,2 Ms-2, RC-1,2
35 Okla. RC-1,2, MC-1, AE-5 Not permitted |MC-1 RC-1,2,AE-5 RC-1
MC-1
36 Oreg. RC-3; MC-2; RS-1 Not reported |MC-2, RC-3 RS-1 RS-1
RC-3
M2
37 Pa. Asphalt, Emulsion Tar Tar Asphalt
38 R.I. Mc-2 T-2,3 RT-2,3 None MC-2
39 S.C. Asphalt Tar MC-0 Emilsion
4o S.Dak. RC-1, MC-1 Tar MC-1 RC-1 MC-1
41 Tenn. MC-1,2 Tar Ter MC-1,2 M.1,2
42 Tex. Emlsion Not permitted |MC-2 RC-2 MC-2
RC-2, MC-2
]&3 Utah RC-1,2; MC-1,2 Not permitted |MC-1 RC-2 RC-1,2
Mec-1,2
L ve. MC-2, RS-1 RT-5 Not reported Not reported RT-5
MC-2
RS-1
45 Va. RC-2 Not reported |[Cut-~back Cut-back RC-2
46 Wash. MC-3, Bmlsion Not reported |[Not reported Not reported MC-3
47 W. Va. AE M-1 RT-3,203 RT-3 AE M-1
48 wisec. BS-1, Rc-0,1, MC-0,1 | Tar MC-0, 1 RC-0,1, RS-1 MC-0
49 Wyo. MC-0 Not reported |MC-0 Not reported MC-0
50 Ontario| DHO Praimer Not permitted |DHO Primer DHO Primer DHO Primer
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TABLE 13 (continued)

Reported Specificetions for Prime-Coat Materials

Requared Physical Characteristics of Bitumnous Material

AASHO M82-42
i AASHO MB2-h2
AASHO Mihl-h9
AASHO MB2-h2
No prime coat required
Not reported
AASHO MB1-hz

AASHO MB1-U2 except viscosity at 1229F. 1s 75-150 sec, and pemetrataon at 77°F., 100 g., 5 sec. 1s 80-120.
AASHO MB2-42
AASHO MB1-42
AASHO MB2-k2
AASHO MB1-42 except flash point is 80°F.+
Not reported

TAASHO MBI-k2
AASHO MB2-42 except drstillation test to S00°F. 1s 25 to 55, residue from dist. to 680°F. 15 70+, and
penetration € 77°F., 100 g., 5 sec. 15 150 to 225.

AASEO MB1-L2

AASHO MB1-U2

AASHO MB2-L2 except penetration at 77°F. 100 ., 5 sec. 1s 80 to 120.
AASHO MB2-k2 .

AASEO Ml’;o-hg

AASHO MB2-42

AASHO MB2-U2

AASHO MB2-k2
AASEO MB1-Lk2
AASEO MB2L2
AASHO MB2-42 except no requirements are specified for the flash point.

Not reported
AASHO MB2-k42
AASHO Specifications
AASHO MB2-h2 except residue from dist. to 680°F. 1s 63 to 73; & penetration € T7°F.. 100 g., 5 sec.
18 120 to 220.

No prime coet required

AASHO MB1-L2

AASHO MB2.k2

AASHO MB2-42 except viscosity @ 122°F 1s 75 to 100
Not reported

AASHO MB1-42 except flash point 1s 80+

AASHO MB2-k42

AASHO M140-k9

AASEO MB1-L2

AASHO MB2-L42

AASHO MB2-L42

AASEO MB2-L2
AASHO MB2-42
Flash point 150°F. +, viscosity @ 140°F. 100 to 200; distillation test 437°F. O to 2, 600°F. 10 o
20; residue from dist. to 680%. 63+, penetrationr G 77°F., 100 g. 5 sec. 100 to 200, dactility ~
T7%F. 100+,
AASHO MB1-42 '
AASHO MB2-L42
AASHO M52-42
MSHO M82-h2
AASHO M140-L9
AASHO MB1-42 except distillation test to 374OF. 1s 35+, to 4379F. 15 65+, to S00°F. 1s 75+, & residue
from dist. to 6809F. is T70+.
AASHO MB1-L2 except the penetration @ 77OF., 100 g., 5 sec. 1s 120 to 220
Not reported
AASHO MB2-42 except distillate to 600°F. 15 75 to 93
AASEO MB2-42

Not reported

Not reported

Flash Point 80+, viscosity @ 122°F. 15 to 25, distillate to 37h4OF. 10+, 437°F. 16+,to S00F. 20+,
residue from dist. 680°F. 50+, penetration & 77°F., 100 g., 5 sec., 100 to 200;ductility £ 77°F. 100,
L& bitumen soluble in €25 99.5.
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TABLE 13 (continued)

Spot Test on Residue from Distillation

Standard Neg. with Fapl " Ner. w eptane
Naphthe Xylene Solvent Xylene 50l ent Applicetion Rate (gallon
Solvent _ _ (% Xylene) | (% Xylene) Flexible Base Rigid Base
|
Yes No ' No 0.25-0.28 Not reported
- B . 35 0.5 No rigid base
Yes -- . - 0.3 -0.k 0.03-0 10
- - | 35 0.15-0 25 Not a practice
Not required 0.25 = 0.10 approx.
No prime coat required
Not required ] 0.2 0.1
Neg. -- - 0.25-0.5 0.10
Not requared 02 0.06
Neg. - - 0.15-0.50 0.15-0 50
- - 35 0.20-0.50 Not reported
HNeg. - - Not reported 0.05-0.10
lieg.
W6t reported 0.2-0.3 0.05-0 10
Neg. or Pos. -60% 1f pos. Not specafied | 0.12- 0.15
positive with 5t&. test
Not reported 0.25 0.25
Neg. -- -- 0.25 - 0.15 -
Not reported Not reported 0.17
Not required 0.33-" 50 0.07
HWot reported Not reported 0.07
Neg. -- -- 0.25(T-3 or 0.10-0.15
MC-0) (Emulsion)
Not required 10-(MC-2) Not required 0 1-0.3 0.03-0 10
Neg. -- -- 0.15-0.50 Mot specified
Neg. - == 0.2 - 0.5 0.02- 0.1
Not required 0.15-0.25 0.1 -
- 10 -- 0.25-0.30 0 04-0 10
Not reported 0 375 Not reported
Not reported 0.5 0.15 1
Not required 0.1-0.25 0.10-(RC-0)
- 15 -- 0.25-0.5 None
No prime coet required
Tot reported 013 0.06-0.12
Not required 0.35 No rigid base
Not reported 0.25-0.35 0.10 -
Neg. -- ind 0.25 01
Not required 0.25-0.52 0.1-0.2
Not revorted 0.15-0.25 0.05-0.07
Not required 0.33 Tione
Not required C 1 eprrox 0.1 epirox
- 15 - 0.4 0.08
Neg. -- - 0.15-0 k5 0.05-0 15
Yes - == 0.25 003
-= -- 35 0.25-0.50 0.08-0 15
ot reported N.3~0 4 0.1
Yeg. - - 01 0.05
-- -- 35 075 0 02-0 05
Not reported 0 30-0 6O 0 15-0 25
Neg. -- == 0 1-0.35 0.03-0 1
ok

15

Not required

Not reported

Hot srecilied




TABLE 13 (continued)

1954 Practice
. __Application of Prime Coat
r 5q. yd.) Application Required Agency
Method of Control Temperature (°F.) Curing Period
Tachometer 120-140 3 days 1 Ala.
Tachameter 150-200 Until penetrated or blotted 2 Ariz.
Tachometer 50 -125 Not specified ﬂ Ark.
Tachometer 150225 Not specified Calaf.
Synchronizer
Tachometer 120 - 24 hours 5 <Colo.
No prime coet required 6 Conn.
Tachometer Not specified Several hours T Del.
Tachometer 125-175 Not reported 8 D.of C.
Tachometer 100-150 Not specified 9 Fla.
Techometer 100-160 Not specified 10 Ga.
Tachometer 150 Not specified 11 Idaho
meter~vol
Tachometer Not specified Unt1l no pick-up under traffic 12 111,
Not reported 13 Ind.
Tachometer 80- 60 24 hours 1k Towa
Tachometer 125-200 Not specified 15 Kans.
Visual inspection Not reported Not reported 16 Ky.
measure & calculate
Tachometer Not specified Not specified 17 Ia.
Techameter Air temperature 1 hour + 18 Me.
Tachometer 120 - 24 hours + 19 M.
Not reported 60 - 120 Not reported 20 Mass.
Tachometer 50-120 (Mc-0) 48 nours (Mc-0 21 Mch.
60-175 (Fmulsion) 1000-1500 ft. ehead (Bmulsion)
Tachometer 80-125(Mc-0) 60-125 RT-1,2) Unti1l no pick-up under traffic | 22 Minn.
100-175(M>-1) 80-150 RT-3,4)
150-200 (MC-2)
Tachometer 175 - Not specified 23 Miss.
Tachometer 80-120 Untal properly cured 2k Mo.
Tachometer 100-175 2L nours + 25 Mont.
Tachometer Not specafied Not specified 26 Nebr.
Tachometer Not reported Not reported 27 Nev.
Techometer Not specified 24 hours + 28 N. H.
Tachometer 50-120 Unt1l properly cured 29 N. J.
Tachometer 125-200 24 hours 30 N M
No prime cost required 31 _N. Y.
Tachometer 90-130 Until properly cured 32 N. C.
Tachameter 75-200 2 - 3 days 33 N.Dak.
Tachameter Not reported Not reported 34 Ohio
Tachometer 75-120 Until properly cured 35 Okla.
Tachometer, pressure 150-175 72 hours 36 Oreg.
& volume gege
Tachometer 175 - Unt1l tacky 37 Pa.
Tachameter 120 Not reported 38 R. I.
Tachometer I'ot specified Until tacky 39 8. cC.
Tachometer 150 - 24 hours 40 S.Dak.
Tachcmeter 100-150 Unt1il properly cured k1 Temn.
Tachometer 1h0 12 hours b2 Tex.
Tachometer 150-200 Not specafied 43 Utah
Tachameter 140~150 (tar) T days except emulsion on conc.{ 4k Vt.
150-160 (Mc-2)
Tachometer 140-160 Unt1l tacky 45 ve.
Tachometer 50 + Not specified 46 vash.
Tachameter 80-150 Not reported b7 W. Va
Tachameter 100-120 2L-Lk8 nours L8 wisc.
Tachometer 100-200 2k hours 49 Wyo
Synchronizer
T~chometer T70-100 Not specified 50 Ontario
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TABLE 1k
THICKNESS OF PAVEMENTS INVOLVING A BITUMINOUS CONCRETE SURFACE

Consider HRB soil clasgification

Agency Design Method Used to Determine Use of Subgrade Soil Charecteristics
Thickness of Flexible Pavements to Determine Thickness of Flexible Favement
1 Ale Not reported Not reported
2 Anz Consider PI and amount of mmus No 200 sieve material Total thickness based on PI and amt of minus No 200
in subgrede soil sieve material in subgrade soil Same characteristics
of subbase material determine subbase and base thickness
3 Ark Consider HRB soil classification of subgrade soil HRB so1l classification of subgrade soil determines
subbase thickness
4k Calaf Califormie Method - consider stabilometer "Resistance Shearing resistance and expensive characteristics of
Velue" of bage end volume and megnitude of traffic soil eveluated
5 Ceolo Tolorado Method - consider soil CER and moisture Consider CBER
condition, traffic, and climate
6 Coon Past experilence - consider soil type frost penstration, Subgrade scal type considered in determining subbase
ground water, and traffic thickness
7 Del Consider CER and frost penetretion Consider CBR of subgrade soil in determining subbase
thickness
8 DofC Pest experience Not reported
9 Fla Past experience - consider traffic Subgrade so1l characteristics not considered
reporte ot reporte
11 Idaho Hveem Method Hveem “fethod
12 111 Consider HRB so1l classification, traffic, drainage, and Consider HRB soil classification .
frost penetration
13 Ind Not reported Not reported
1k Iowe Not reported Not reported
1% Kans Kansas Triaxial Method Consader modulus of deformation from triaxinl
compression test
16 Ky Consider CER Consiader CER
17 la Not reported Not reported
18 Me Conaider volume and type of traffic Subgrade soil characteristics not considered
19 4 Consader HRB so1l classification and CER Consider FRB so1l classification and CER in determining
total thickness
20 Mess Consider volume and type of traffic Subgrade soil characteristics may influence choice of
thickness
2T Weh | CTonsider treffic in surfacing design Consider soil Tonslder estimated spring CER
profile clessification and estimated stability in
foundation design
22 Mm Consider CER (modified test), and rely on prst experience Thicknesses modified on basis of HRB soil classificatior
23 Miss. Consider CER (modified test), of pavements designed to Consider CBR
carry vheel loads of over 9000 1bs
2k Mo Consider HRB so1l classification and traffic volume Consider HRB group index

Consader HRB go1l classafication

. ConglCer Who 801 O
Consider traffic, rainfall, drainage end HRB group
index of subgrade sol

Consider HRB group index

27 Nev Consider HRB soil classification Consider HRB so1l classification
28 ¥ H Pagt experience Subgrade sorl type inf choice of thickness
29 N J Past experience Thickness increcsed for A-6 to A-8 subgrades
30 N M Consider traffic and rainfell, and gradetion and Consider soil type
Atterberg limits of base end subbase material
31 F Y Rational determination Knovledge of previcus behavior
32—~ T | Consider trafflc and besring value of subgrade Cons1der bearing velue of subgrade in determining total
thickness
33 N Dek North D kota Method - consider North Dakota cone test Subgrade 6011 type and North Dakota come ‘alue of subgrade
values and subgrade soil type 5011 considered 1n determining subbase thickness
3k Ohio Not reported Yot reported
35 Okla Consider CER Consader CER of subgrade soil in determining subbese
thickness
36 Oreg Triaxial - modified Hveem Method Consider "R" value (from verticel and horizontal pressure
ratio) and s1lt content
37 fa ot Teporte Not reported
38 RI Past experience Non-drainsble material usually removed
39 5 C Past experience Fot reported
40 S Dek Past experience Evaluate bearing sbility
L1 Tenn Past experience E.eluete beering ability
L2 Texas Triaxial tests of pavement and subgrade material Consider sheer strength ms determined by triaxial method
43 Utah Experience and "R" value from Hveem stability test Consider subgrade characteristics in determining base and
subbage thickness
K vi Bituminous concrete used mostly to resurface existing Not reported
KCC pavements
15 Va Consider CER (modified) Total thickness related to strength of subgrade as indicated
by modified CBR
46 Wash Consider test values from Hveem Stabilcmster and Total thickness related to Hveem Stabilometer and
swell-pressure tests swell-pressure test values
hkr W Va Ky design curves (CER) and Ohio design curves (HRB class) |Total thickness determined from design curves
48 Wisc Consider traffic volume and soil type Consider load-carrying cepacity as affected by drainability
L9 Wyo Consider CBF (modified) end test values from Hveem Consider CER (modified) and test values from Hveem Stabilometer
Stabilometer - add extra cover on frost-reactive materials
50 Ontario| Past experience - consider resulis of mechanical analysis Consider results of mechanical analysis and plate-bearing tests
and plate-bearing tests
y The given conditions do mot occur, or occur iafrequently, in same arees of the country However, some of the agencies in these

areas have listed the thicknessess that their design methods would indicate to be satisfactory
2/ Thickened edges



TABLE 14 (continued)

Average Thicknesses (in inches) Iikely to be U
Ho Differentiation as to Traffic
Rigid Bas Flexible Base
ubbase | Base [Binder | Surface | Total] Sutbase] Base |Binder | Surface | Total
10
6
8+ 8 |11 11/8| 188+
12 8 13 2 224
6
3
4-6 | 2-10 2 1% -
12 - - - - 12 b 1% | 19
- - 1% 1% - 6
B 6 8| 2 13| 18
11 2 1% | 2; 16
7 - 3 10
- - 2 2 - - - 2 2 -
0-13 3 2 2| 5-18
12
5 2| - 2} 9%
3 - - - - 6 8 - - -
6-12 | 6-8 14 14 15-23 6-18 | 5- 13 13| 1k-27
4-22 | b4-8 | 1-2% | 1i-2 | 10i-23%
- 6 4 2 1, * 11%
[
12}
8 6 23 1% 18
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TABLE 14 (continued)

veme!
Rigid Base Flexible Base
Base |Binder |Surface| Total Subbase Base Binder |Surface Total Subbase
- - - - 10 10 - - - 6
12-18 3 - 2} 173233
12 12 3 13 28%
8 bt 1; 173 13 8 13 13 2k ¥
1% 13 11 20 4 13 1% 27 -
20(cut) [ 1k 1% 28,(cut)
12 (£111) 203(r111)
9 8 2 1} 20}
0-18 5-18 - 3 -
7 10 1% 13 20
6 1% 13 15 8 6 % 1, 17 (4]
7 yes 1% 13 - 12 13 13 15
24-36 6 1 1 32-38
- 4} - - -
B 7 13 23 25 10 17 13 37 iz
- 1 1 - 15 9 2 2 28 -
- 8 13/k 1} n
= 3 - 3 10
0-12 2h 2 1 27-39
3-13 3 [+] 2 8-18
3-9 13 1 224 | 12 7 13 1 21%
0-6 514 13 3 17 13
> 2 - 2} ob+
12-21 2 | 15h-24)
10 [ 1 17 9 8 0 1 18 6
8-12 3-6 2 1 1421
6-10 6-10 11 113 14323
4 2 1 19 17 L 2 1 2k 10
6-9 1n-1h 1% 1%- 1?-26
108 |2/f6i-5-6k] 1t 1 [2/193-18-194
18-20 13 3% 1} 29
|




il Froet Penetration 20 Inches
—_____________ Wedlum-Tralific Pavement

TABLE 14 (continued)

1954 Practice

Rigid Base Flexible Pase - Agency
Sase [Binder |Surface | Total Subbase | Base [Binder |Surface Total
- - - - 6 8 - - - 1 Ala
6-15 3 - 2% 11}-203 2 Ariz
8-12 | 8-10 2 3 194-25% 3 Ark
6 1% 13 13 10 6 15 1% 19 b calif
6 I3 1% 9 15 [ 1% 1% 22 5 Colo
15(cut) 6 13 13 234(cut) | 6 Comn
12(£211) 183(£211)
7 6 2 13 164 7 Del
8 Dot C
g Fla
10 Ga
0-18 | 5-18 - 21 7-38% | 11 Ideho
7 9 13 1§ 19 12 11
13 Iod
N 1% Iowa
6 1 14 8% 4] T it 13 95 | 15 Kans
- 8 13 1% 11 16 Xy
- 17 la
18-24 - 2 1 21-27 18 Me
19 M
12 3 1 13 - 20 Mass
B - T e - - X T B e : e T
- 1} 12 - 12 6+ 13 1% 21 22 Minn
23 Mss
- 6113/ 1} 9 2h Mo
. | 2 Mont _ |
3 ] = 2 7 26 TWebr
27 Rev
0-12 18 2 1 21-33 28 X H
29 N J
0-13 3 [] 2 5-18 30 F M
12 I 1s 1 184 1 N Y
- - - Y] 0-1I0 | 7-10 02" T 1T 3"2——11 |
5 2 - 2% 9% | 33 N Dek
34 Ohio
35 Okla
- | 712 2 b2 105-15% | 36 Oreg
37 Pa
6-8 13 1% | 9-11 6-12 | 53-4 1% 1} 8%-9 38 RI
39 5 ¢
L0 s Dak
41 Temn
9 [] 1 16 8 7 0 1 16 k2 Texas
43 Uteh
L vt
L6 46 1 1 10-14 L5 Va
4 1% 1 16, 0L [ 1 1 21 46 Wash
k7 W Va
6-9 6-10 13 1 pLERSE 8 W.sc
9 L5k 1 1 15 -1 k9 Wyo
122k | -6 | 2-k 1} | 19k-25 | 50 oOnmterio

107



Foamed Asphalt in Bituminous Paving Mixtures

LADIS H. CSANYI, Professor in Charge, Bituminous Research Laboratory
Engineering Experiment Station, Iowa State College

@ THE physical properties and characteristics of the various bituminous binders used
1n bituminous paving mixtures greatly influence the manner in which such mixtures
are made and the methods used in laying the mixes. Among the physical properties
and characteristics, viscosity and surface tension of the binder are of particular im-
portance. The viscosity of the binder is significant both in the manufacture and laying
of the mixture. In making the mixture the binder must be liquid enough to flow readily
through the entire aggregate mass and develop films of binder around the aggregate
particles. In laying the mixture the binder must remain sufficiently plastic for easy
and smooth spreading, and as soon as the mixture 1s spread it must harden rapidly so
that the pavement may be compacted and opened to traffic as quickly as possible. The
surface tension of the binder 1s especially significant in mixing. Adhesion between the
film of binder and an aggregate particle depends largely upon the surface tensions of
the two materials and the interfacial tension developed. The surface tension of the
binder must therefore be such, in relation to that of the aggregate, that surface mois-
ture on the aggregate can be displaced and a strong physical bond generated between
the binder and aggregate. The importance of these two properties has been recognized;
and processing, mixing and laying practices have been adjusted accordingly.

In the preparation of high type plant mix hot bituminous paving mixtures, with as-
phalt cement used as the binder, the viscosity of the binder 1s adjusted and controlled
by the temperature of the binder and the aggregates. A relatively high temperature
must be maintained 1n this type of mix during transportation and laying to assure a de-
sired plasticity for spreading. Once spread, the binder hardens rapidly, permitting
compaction and the opening of the pavement to traffic without undue delay. The heating
of the binder to adjust 1ts viscosity and heating of the aggregates to dry them and main-~
tain the temperature of the mix are costly. Such mixes are therefore used generally
for high type heavily travelled pavements.

On roads which do not need or cannot afford such high type mixes, other binders,
such as cut-back asphalts or emulsified asphalts, can be used as the binder. Since
the viscosity of a cut-back asphalt 1s adjusted by the type and quantity of solvent added
to the base asphalt cement, the need for further adjustment of viscosity of the binder
by heat during mixing 1s materially reduced. When this binder is used in conjunction
with wetting agents, the heating of the aggregates can also be materially reduced. The
viscosity of an emulsified asphalt is adjusted by the method used in preparing the emul-
sion, by the type of emulsifier used, and by the quantity of water added. A wide vari-
ety of grades of emulsified asphalts are available to meet various applications. When
an emulsified asphalt is used 1n a bituminous mix as the binder, the need for heating
the binder 1s practically eliminated. Furthermore, by virtue of the emulsifying agent
used 1n this type of binder, good adhesion, even with cold and damp aggregates, can be
attained. When emulsified asphalts are used 1n a mixture, heating of either or both
the binder and aggregate can be materially reduced. Satisfactory mixes have been pro-
duced with the use of either cut-back asphalts or emulsified asphalts.

Although production of a bituminous mix is simplified when these materials are used
as the binder, laying procedures become more complicated. Since the binder should
set rapidly after the spreading of the mix to permit proper compaction, the solvent in
a cut-back asphalt should be removed rapidly, the emulsified asphalt should break at
the proper time, and the water released from the emulsion should be eliminated quickly.
For these reasons mixes using these materials as the binder must be aerated to per-
mit the evaporation of either the solvent or the water. This not only requires additional
construction equipment and operations, but it also delays the opening of the road to
traffic. So, although the use of these materials as binders improves one phase of the
procedure, 1t falls short 1n another.

An ideal binder for use 1n low cost paving mixtures then would be one whose physical
properties, such as viscosity and surface tension, were such that cold and even damp
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aggregates could be used 1n mixing, retaining a desired plasticity of the mix until
spread and, after spreading, the mix would set quickly.

Since this discussion deals with asphalt cements, the question arises as to how the
physical properties of a bituminous binder may be adjusted in other ways without al-
tering its chemical composition so that it may approach more nearly the properties
and characteristics desired in an 1deal binder.

One way in which this could be accomplished is by foaming the binder. Anyone who
has had the misfortune to encounter a large mass of foamed asphalt has had an unwel-
come opportunity to become acquainted with some of its unusual properties at first
hand. A relatively hard asphalt cement, when foamed, expands greatly in volume.

The foam creeps and flows even at low temperatures, penetrating dirt, clothing, shoe
leather, or anything 1t comes in contact with, and oozes into cracks and crevices.

The foam remains soft even at temperatures at which the parent asphalt cement has
stiffened materially. The foam has a rubbery nature and 1s extremely sticky, adher-
ing tenaciously to all types of materials it touches, and once it has stuck 1t 1s very
difficult to remove or clean up. Uncontrolled foaming of asphalt around a plant is a
considerable nuisance and should be guarded against and avoided. Chemicals are now
available to prevent foaming or check it, should 1t get started, and thus avoid the mess
it creates.

Although uncontrolled foaming of asphalt 1s highly undesirable, when the usual prop-
erties of the foam are considered, a foam under proper control could be advantageously
used 1n preparing bituminous mixes.

A study of foamed asphalt discloses many interesting features, which when applied
to bituminous mixes, could be used to advantage. Asphalt cement and other bituminous
binders expand to many times their original volume when foamed. Therefore, if a
quantity of asphaltic binder 1s applied as a foam, a wider and more uniform distribu-
tion of the binder can be obtained 1n mixing with aggregates than if the same quantity of
binder 1s used as a liquid. An asphalt cement having a penetration of 85 to 100, when
foamed, will have a penetration of over 300 at the same temperature for some time
after 1t has been foamed. Chemical constituent tests indicate that the asphalt has not
changed even though 1ts consistency and viscosity have changed. This change in phys-
ical properties 1s due no doubt to the bubbles of gas or vapor the mass of material
contains. Therefore, if foamed asphalt is added in mixing, the distribution of the
binder throughout the aggregate can be accomplished at a much lower temperature than
if the binder 1s added as a liquid. Further, since the binder remains soft for some
time as a foam, mixes using foamed asphalt as the binder can be laid at lower temper-
atures. The foamed asphalt cement has a rubbery nature and 1s extremely sticky,
with both high cohesive and high adhesive properties. When a foamed asphalt 1s used
as a binder in a bituminous mix, it would be expected that there 1s improved adhesion
between binder and aggregate, and a more cohesive mix would result. Preliminary
tests 1ndicate that this i1s true. The high adhesive property noted i1s no doubt due to the
high wetting power generally exhibited by foams. The modified surface tension of the
asphalt as a foam probably plays an important part 1n this behavior. Another great ad-
vantage is that the asphalt cement is in the form of bubbles. Here we have ready-made
thin films of asphalt cement with powerful natural surface tension forces available to
coat particles of matter on contact as the bubble breaks. The fact that foamed asphalt
will penetrate small voids and crevices can be utilized to advantage because foamed
binder will penetrate agglomerations of dusts which liquid asphalts will only coat with
a layer of binder. Foamed asphalt thus lends 1itself more readily to soil stabilization
than some other binders.

The various desirable properties of foamed asphalt can be utilized practically and
their advantages gained 1in preparing bituminous mixes only if the foamed binder is un-
der close control. The asphaltic binder must be foamed at the proper time, at the de-
sired place, in the required quantities, and in a prescribed manner. The condition of
the foam, the size of the bubbles, and other factors must also be controlled to obtain
consistant results.

Foamed asphalt can be created easily by several methods. One involves the addition
of small quantities of water to the asphalt and then heating the asphalt. The same result
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is secured by gradually injecting small
quantities of saturated steam into the
heated asphaltic binder. The problem
that had to be solved in this development
was the generation of a foamed asphalt in
the quantity and kind desired, at the place,
time, and in the manner in which 1ts prop-
erties could be most effectively utilized.

This problem was solved by the devel-
opment of a nozzle for foaming a bitumi-
nous material instantaneously into a foam
of a desired character and for introducing
a desired quantity into a mixer at the prop-
er time and in the proper manner. The
nozzle devised consists of a body, nozzle
tip, steam tube, and its adjustments and
other appurtenances (Figure 1). The as- Figure 1. Foamed asphalt nozzle.
phaltic binder enters the nozzle through
the body and passes on to the nozzle tip. The saturated steam enters the nozzle by
way of the steam tube which carries 1t to the tip of the nozzle. The steam leaving the
tube combines with the bituminous binder just above and 1n the throat of the nozzle tip
orifice, creating the foamed asphalt. The foamed asphalt 1s then emitted from the
nozzle by the flow of the steam and binder through the nozzle. The type of foam pro-
duced can be controlled by the dimensional characteristics of the throat of the nozzle
orifice and the position of the end of the steam tube 1n relation to the entrance to the
throat; an adjustment is provided to set this position, and to control the quantity and
pressure of both the steam and binder introduced into the nozzle.

Two basic types of foam can be produced by this nozzle. One type of foam created
is referred to in this paper as a "discrete foam." This foam is in the form of sepa-

Foamed asphalt soil stabilizer
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Figure 2. Foamed asphalt system.
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rate individual small bubbles as it leaves the nozzle. The size of the bubbles can be
controlled by a steam tube adjustment and by the adjustment of the steam and binder
pressures when the discrete foam nozzle tip is used. A nozzle equipped with a dis-
crete foam tip, under proper adjustment, will create a discrete foam with a small
quantity of steam at 60 to 90 psi and binder pumped at 50 to 80 psi. The binder pres-
sure must always be below that of the steam pressure to prevent binder backing into
the steam tube. Bubbles of various sizes can be produced within these ranges of pres-
sures by other nozzle adjustments.

The other type of foamed binder which can be created by this nozzle is referred to
as a ""concentrated foam' in this paper. In this case the bubbles of the foamed binder
are joined together and a mass of foam is emitted from the nozzle. This type of foam
can be produced by a concentrated foam nozzle tip and nozzle adjustment with saturated
steam pressures as low as 35 psig and binder pump pressures as low as 20 psig. A
wide range of foam characteristics can also be attained in this case by adjustment of
steam and binder pressures and quantities admitted to the nozzle, and adjustment of
the setting of the steam tube. It should be noted that in the operation of the foaming
nozzle the steam primarily is used to create the foamed binder, and secondarily, by
varying the pressure and quantity of the steam, it is used to control the character of
the foam in some measure. The steam also serves to heat the nozzle and blow the
nozzle orifice clear of foamed or congealed binder; the nozzle is thus in good working
order even under intermittent operations.

After a means of generating a foam of a desired character was devised, a method of
applying the foam in a mixer in the required quantity, at the proper time and in a suit-
able manner was necessary. A spray bar system as shown in Figure 2 was devised.
The spray bar is fitted with the number of nozzles needed to distribute the foam in the
mixes uniformly. The asphaltic binder may be measured either in a weigh tank or by
a meter and then pumped through the asphalt line and the spray bar to the nozzle. The
asphalt system is fitted with such appurtenances as a control shut off value pressure
gauge, return circulating line, and pressure relief valve. Since the asphaltic binder
need never be pumped in excess of 80 psi, standard low pressure piping may be used
in this system. The steam needed for the foaming of the binder can be generated in a
steam boiler having a pressure range of 45 to 100 pounds. In the steam line from
boiler to nozzle, or from a local source of steam to the nozzle, must be a pressure
regulating valve, a shut-off valve, a volume control valve and a steam pressure gauge.
The pressure regulating valve is used to adjust the pressure of the steam being sup-~_
plied to the nozzle. A volume control
valve, which may be a simple needle
valve, controls the quantity of steam fur-
nished to the nozzle. Adjustments can
readily be made to produce the foam char-
acteristics desired with these control de-
vices in the system.

The operation of the foamed asphalt
system is simple once the proper nozzle
adjustments and control settings have been
made. The steam is turned on first to
clear the nozzle tips, to remove moisture
condensed in the steam line and to prevent
the binder backing up in the steam tube of
the nozzle. The binder is then pumped to
the nozzle where the steam foams the
binder and foamed binder is emitted from
the nozzle into the mixer. When the prop-
er quantity of binder has been introduced
into the system, it is shut off. After the
binder is shut off the steam flow is con-
tinued to clear the nozzle of binder. Then Figure 3. Pilot mixer equipped for foam
the steam is shut off until the next sequence. asphalt mix operation.
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The steam and binder controls may be interlocked so that steam is turned on first and
shut off last. The steam in the nozzle serves another useful purpose in that it keeps
the nozzle warm, thus minimizing the clogging of the nozzle between operations.

The foamed asphalt system can be adapted to any standard twin shaft pug mill type
mixer and to other usual applications with a minimum of modifications that will be dis-
cussed as various applications are reviewed.

After a means of producing foamed asphalt under controlled conditions suitable and
applicable to a wide variety of purposes was developed, the next step was to determine
how the foamed asphalt performed in the mixing of bituminous mixes and to ascertain
how foamed asphalt affected the properties of such mixes. A small 50-1b laboratory
pug mill mixer for laboratory tests and a larger pilot plant 300-1b mixer for small
scale mixing and field laying tests were adapted to foam asphalt mixing operations.
Both of these mixers were fitted and equipped so that standard, atomized asphalt and
bituminous slurry type mixes could be produced for comparative purposes.

The adaptation of these mixers necessitated the purchase of a small steam boiler to
produce and supply the saturated steam required to both mixers. This boiler is the
steam jenny type, fitted with a 60 gallon boiler, automatic electric fuel oil burner and
all necessary safety devices. Steam pressures of this boiler can be regulated and
automatically controlled between 5 and 100 psi (Figure 4). The pilot plant mixer,
(Figure 3) was equipped with a variable speed motor drive for the asphalt pump to con-
trol the quantity of binder delivered to the nozzles. A two nozzle spray bar is used to
introduce the binder into the mixer. All asphalt lines are electrically heated. On this
unit the binder is measured in a weigh bucket from which it is pumped to the spray bar.
The steam line from the boiler to the nozzles is equipped with an adjustable steam
pressure regulator, an electric solenoid shut-off valve, a steam volume control needle
valve and a steam pressure gauge. The mixer is also equipped with a water spray bar
at the rear of the mixer to furnish water for wet slurry and soil stabilization mixes.
The mixer also has interchangeable fluffing and kneading paddle tips. The small lab-
oratory mixer is similarly equipped with the addition of a variable speed motor drive
on the mixer shafts. The mixing speed of
the shafts of the pilot plant can also be
varied by changing the size of the drive
shaft pinion. Standard, foamed asphalt,
atomized asphalt, bituminous slurry and
soil stabilization mixes can be produced
with two mixers so equipped in the quanti-
ties needed both for laboratory and for
field tests.

The next step in the development in-
volved the production of various types of
mixes to test the efficacy of the use of
foamed asphalt in mixing procedure and
the affect of foamed asphalt on the physi-
cal properties of such mixes. Included in
the various mixes prepared and tested
were: ungraded aggregate mixes, plant
mix soil stabilization mixes, in place soil
stabilization mixes, and also high type
standard specification mixes.

UNGRADED AGGREGATE MIXES

The Bituminous Research Laboratory
of the Engineering Experiment Station,
Iowa State College, under the sponsorship
of the Iowa Highway Research Board, re-
Figure 4. Small boiler unit for generat- cently completed the development of a

ing steam. mastic theory of design and a method of
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producing bituminous paving mixtures utilizing local ungraded aggreates 1, 2. Since
the present work is under the same sponsorship, the application of foamed asphait in
the production of mixes of this type was investigated first. Bituminous paving mixes
using ungraded aggregates, similar to those used in the previous work, were therefore
produced using foamed asphalt as the binder. These mixes were studied to determine
whether or not the mastic theory of design was applicable to them. The physical prop-
erties of these mixes were determined and compared with those made by the earlier
method.

The mixes were produced with the use of a discrete foam nozzle which emits the
foamed asphalt in the form of separate, individual, small bubbles of binder. The mix-
er was equipped with an open grid type fluffing paddle tip. (Later 1t was found that the
usual paddle tips can perform this function.) The purpose of this type paddle tip 1s to
fluff and loosen or disperse the aggregate in the mixer during the mixing so that the
bubbles of foamed binder may penetrate and contact all the particles of the aggregate.
As each bubble of the binder enters the loosened and fluffed mass of aggregate and
comes in contact with the aggregate particle the bubble bursts, forming a thin film of
binder over the surface of the particle. When the bubble bursts the surface tension
spreads the thin film of binder forcefully and rapidly over the surface of the aggregate.
The modified surface tension of the binder when 1n the form of a bubble also provides
natural forces which induce a high adhesion between binder and aggregate particle. It
should be noted in comparing this method with the earlier method developed, that bub-
bles of binder are used in place of atomized droplets of binder, that bubble and aggre-
gate are brought into contact only, rather than having a high speed impact between
droplet and aggregate, and that the aggregate is fluffed in the body of the mixer rather
than casting of aggregate into binder spray.

The materials used in these tests included blow sand, fine sand, pulverized loess,
limestone dust as aggregates, and a 150 to 200 penetration asphalt cement as the bind-
er. The gradation of the mineral aggregates was as follows:

TABLE 1 These materials are essentially the
same as those used in the previous work

Total % Fmme Blow Pulverized Loess Limestone (1 2)

Passing Sand _Sand 38% Clay Dust Sk el 4 A A )
No 4 sieve 99 100 _ R Mixes containing various combinations
No ig sieve gg gss - - of these aggregates with various binder
No golieve 209 N 08 contents were prepared for test. The
No. sgosleve s 33 - gg mixes were prepared by placing the prop-
N g0 eve 1 7, 100 pad er proportion of hot dry sand at about 400

F and dry dust at room temperature into
the laboratory mixer and mixing for a few seconds to fluff materials in the mixer and
to permit the dust to absorb some heat from the sand. The foamed asphalt cement was
then introduced 1n the form of a discrete foam by the foam nozzle operating at a binder
pressure of 50 psi and a saturated steam pressure of 60 to 70 psi. The mixing of a 25
pound batch required about 7 to 11 seconds. The temperature of the mixture discharged
from the mixer was between 300 and 350 F. All mixes prepared were homogeneous,
with all particles fully coated by thin films of binder and with a well formed mastic as
desired.

Immediately after mixing, Hubbard-field stability test specimens, 2-1n. in diameter
and about 1 1n. in height were prepared. These specimens were tested three days after
forming for Hubbard-field stability at 140 F after 1 hour immersion in a hot water bath
at 140 F. Void content determinations and freezing and thawing tests were also made
on these specimens.

The results of these tests on the various mixes prepared are shown in Tables 2-6.

Mix proprtions are given as percent of total aggregate for aggregates and percent of
binder added to total aggregates for the binder.

The results of these tests prove conclusively that bituminous mixes contaimng un-
graded aggregates can be efficiently and successfully produced when foamed asphalt in
the form of a discrete foam 1s used as the binder. The results of the tests also show
that the mixes made in this manner also have very much higher stability and a much
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TABLE 2
BLOW SAND 70%, PULVERIZED LOESS 30%

TABLE 3
BLOW SAND 75%, PULVERIZED LOESS 25%

Foamed Atomized Foamed Atomized
8% Asphalt Cement Bunder ~  Bunder 7% Asphalt Cement _Binder _Binder
Hubbard field stabihty 1650 1250 Hubbard field stabihity 1450 1050
Vouds, % 135 14 Vouds, % 16 3 15 6
Resistance to freezing-thawing Satisfactory Satisfactory Resistance to freezing-thawing Satisfactory Poor
9% Asphalt Cement 8% Asphalt Cement
Hubbard field stability 1600 1450 Hubbard Field Stability 1900 1300
Vouds, % 12,4 10 7 Vouds, % 14 2 13 8
Resistance to freezing-thawing Satisfactory Satisfactory Resistance to freezing-thawing Satisfactory Poor
10% Asphalt Cement 9% Asphalt Cement
Hubbard field stabihity 1650 1350 Hubbard Field Stabihity 1600 1250
Vouds, % 9.6 10.3 Vouds, % 141 10.9
Resistance to freezing-thawing Satisfactory Satisfactory Resistance to freezing-thawing Satisfactory Satisfactory
11% Asphalt Cement 10% Asphalt Cement
Hubbard field stabihity 2050 1300 Hubbard field stability 1500 1350
Vouds, % 60 71 Vouds, % 90 8.4
Resistance to fr g-thawing Satisfactory Satisfactory Resistance to freezing-thawwing Satisfactory Satisfactory

TABLE 4
FINE SAND 80%, PULVERIZED LOESS 20%

TABLE 5
FINE SAND 75%, PULVERIZED LOESS 2%

Foamed Atomized Foamed Atomized
5% Asphalt Cement _Bider _Binder 6% Asphalt Cement Binder _Binder
Hubbard field stability 1400 1300 Hubbard field stabihity 2400 1700
Vouds, % 17 11 6 Vouds, % 92 8.9
Resistance to freezing-thawing Fair Poor Resistance to freezing-thawing Satisfactory Poor
6% Asphalt Cement 7% Asphalt Cement
Hubbard field stability 2000 1650 Hubbard field stability 2200 1200
Vouds, % 97 9.0 Vouds, % 71 83
Resastance to freezing-thawing Fair Poor Resistance to freezing-thawing Satisfactory Satisfactory
% Asphalt Cement 8% Asphalt Cement
Hubbard field stabhty 1650 1500 Hubbard field stalmhty 1800 1000
Vouds, % 5.9 6.6 Vouds, % 4,6 4.5
Resistance to freezing-thawing Satisfactory Satisfactory Resistance to freezing-thawing Satisfactory Satisfactory
8% Asphalt Cement 9% Asphalt Cement
Hubbard field stabihty 1700 1350 Hubbard field stability 2100 1400
Voids, % 317 417 Vouds, % 17 2.7
Resistance to {r ng-thawing Satisfactory Satisfactory Resistance to fr g-thawing Satisfactory Satisfactory

TABLE 6
BLOW SAND 70%, LIMESTONE DUST 30%
Foamed Atomized
6% Asphalt Cement _Asphalt Asphalt
Hubbard field stability 1950 -
Vouds, % 14,5 -
Resistance to freezing-thawing Satisfactory -
7% Asphalt Cement
Hubbard field stabihity 2600 1800
Vouds, % 10 0 12.0

Resistance to freezing-thawing Satisfactory Satisfactory
8% Asphalt Cement

Hubbard field stallity 2350 1800

Vouds, % 10.5 11 2

Resistance to freezing-thawing Satisfactory Satisfactory
9% Asphait Cement

Hubbard field stability 3500 2350

Vouds, % 82 5.7

Resistance to fr ng-thawing  Satisfactory Satisfactory

greater general resistance to the effects
of freezing and thawing than the same
mixes prepared with the binder in an
atomized form. There are other advan-
tages of the use of foamed asphalt as the
binder when compared with the use of the
binder in an atomized form. The foamed
asphalt process requires low pressures
of 25 to 50 psi for pumping the binder, in-
stead of the very high pressures of 300
ps1 and more required by the atomizing
process. The need for high pressure pip-
ing is eliminated, smaller units of equip-
ment can be used, power consumption for
operation 1s greatly reduced, leaks in the

system are minmimized and operational safety is greatly enhanced.

Having demonstrated that bituminous mixes containing ungraded aggregates could be
successfully produced with a binder in the form of a discrete foam, a study was made
to determine if the same mixes could be prepared with the binder in the form of a con-

centrated foam.

This study disclosed that these mixes can be prepared with the bind-

er in such form but that mixing procedure must be altered.

The mixes utilizing the binder in a concentrated form of foam can be made in a
standard pug mill mixer having the usual kneading paddle tips and operating at manu-
facturer's design speed. The binder is introduced as a concentrated foam by a proper-
1y adjusted foam nozzle operating at 25 psi binder pressure and 50 psi saturated steam
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pressure. The mixing is done in a conventional manner. After placing aggregates 1n-
to the mixer they are given a 5 to 10 second dry mix followed by the addition of the
binder and a wet mixing for about 20 to 25 seconds. A total mixing time of about 30
seconds is required. It should be noted that no special paddle tips nor increase of
mixer speed is required when a concentrated foam is used.

Bituminous mixes containing ungraded aggregates were prepared with the binder in
the form of a concentrated foam. The mixes were uniform in nature with all aggregate
particles coated with thin films of binder and the mix contained the desired mastic.
Specimens were prepared and tested as before. The results of those tests were very
much the same as those obtained from mixes in which the discrete foam was used.

In the process of this study it was also found that the fine aggregates need only be
heated to 290 F and the pulverized loess or mineral filler can be used at air tempera-
ture when concentrated foam is used. When the discrete foam or atomized binder
methods were used it was necessary to heat the fine aggregate to over 350 F to warm
up the cold filler sufficiently for proper coating with binder.

This is a method of producing bituminous mixes containing ungraded aggregates in
standard batch plants with little or no modification of operations and procedures other
than introducing the binder 1n the form of a concentrated foam. All indications noted
during the study are that this method 1s also readily adaptable to continuous mixer op-
eration.

PLANT MIX SOIL STABILIZATION

Observations made during the mixing indicated that this method of introducing the
binder in the form of a concentrated foam might be applied advantageously to soil sta-
bilization. The use of the binder in the form of a concentrated foam 1n the preparation
of plant mix so1l stabilization mixes was investigated.

In the preceding work on the preparation of bituminous mixes containing ungraded
aggregates the filler used to form the mastic was a dry mineral dust. Therefore the
first series of tests conducted in relation to so1l stabilization was made to determine
whetlier or not an unpulverized or raw damp loess could be used as the filler.

The pilot plant mixer was used to prepare the mixes tested in this part of the study.
This mixer 1s a 300-1b capacity, batch type, standard twin shaft pug mill mixer,
equipped with conventional kneading paddle tips and operating at a shaft speed of about
90 rpm. The mixer is also equipped with a foamed asphalt system having two foam
nozzles on the spray bar. The nozzles were adjusted to produce a concentrated foam
of the binder when the system operated at 20 psi pressure for the binder and about 50
ps1 for the saturated steam pressure.

Tests were first made on mixes containing 75 percent fine sand and 25 percent raw
loess by weight as aggregates, and 5 percent and 6 percent 150 to 200 penetration as-
phalt cement introduced into the mix in the form of a concentrated foam as the binder.
The fine sand used 1n these mixes is the same as that used 1n previous mixes (Table 1).
The loess 1s the same base material containing 38 percent clay, but in these tests it
was used directly from stockpile, containing agglomerations and lumps as large as 3 in.
in diameter instead of being processed and pulverized. Both materials were used at
air temperature and contained some moisture. The materials were proportioned by
weight in 150-1b batches containing 75 percent fine sand and 25 percent raw loess.

The proportioned aggregates were placed directly into the mixer. The mixing was
started, and water was added to the materials in the mixer until the raw loess softened,
agglomerations and lumps broke apart, and the loess was uniformly distributed through-
out the mix. The quantity of water needed depended upon the imtial moisture in the ag-
gregates. It was found, however, that a total moisture content of about 8 percent 1n
the mixer was sufficient to break down and distribute the loess. It was also found that
about 30 seconds of mixing was required to secure a umiform mixture. As soon as a
uniform mixture was secured, the binder, a 150 to 200 penetration asphalt cement at
300 F, was added to the mix in the form of a concentrated foam. Mixes containing 5
percent and 6 percent of binder by weight were produced. The time required to add the
binder in this manner was about 10 seconds. Mixing was continued after the addition of
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the binder for about 20 to 30 seconds to provide for the distribution of the binder
throughout the mixture. The total mixing time per batch was about 60 to 70 seconds.
Excellent mixes were produced of uniform character containing an evenly dastributed
mastic.

The water added to the aggregates during mixing serves several important purposes.
It so softens the clayey materials or heavy soil fractions in the mix that lumps or ag-
glomerations are broken up and the material can be distributed uniformly throughout
the mixture. The water also separates the fine particles and suspends them 1in the
water medium during mixing. These channels of moisture in the mix, particularly
around the fine particles, provide paths through which the foamed binder can readily
travel to coat all the mineral particles during mixing. Without sufficient water in the
mixture satisfactory mixes could not be produced, but if the aggregates contain suffi-
cient moisture no water need be added. If they do not contain sufficient water then
water must be added, but water should be added carefully because excess water is as
detrimental as insufficient water. The proper quantity of water for any mix combina-
tion of aggregates can be readily determined by a few trial batches.

Test specimens were prepared from these mixes and tested in the same manner as
those of previous mixes. It should be noted that the curing time was three days prior
to testing. The curing time 1s significant as will be noted later. The results of these
tests are shown in Table 7.

The Hubbard-field stability test was used to compare the results of these mixes di-
rectly with the results of other mixes prepared by this method. Since the specimens
were cured for only three days, to make direct comparisons, the specimens were still
damp. The tests made after submerging the specimens 1in water at 140 F for 1 hour
yielded only 600 to 650-1b stability. Specimens cured for 11 days prior to testing were
much drier and yielded a stability of 1,100 1b. It seems that as the mix dries its sta-
bility increases and once dried 1t retains its higher stability.

About 3 tons of the mix containing 6 percent A.C., as shown in Table 7, was pre-
pared and laid as a small field test area. The test was placed as a section of a road-
way, 8 ft wide, 20 ft in length and 6 in. in depth, carrying about 400 cars a day. The
mix laid 1n one Lift 6 1n. in depth spread easily and smoothly by raking. The mix was
compacted readily by medium weight wobble wheel pneumatic rolling to a compacted
depth of 5 in. The test pavement was opened to traffic 18 hours after laying. The be-
havior of the pavement was observed daily for about seven days. No settlement, ra-
velling, or rutting was observed, even after a heavy rain on the third day during this
period. Slight scuffing of the surface was however noted which lead to the decision to
seal the surface. The surface was sealed on the eighth day with a single layer sand
seal. This seal consisted of a prime coat of 0. 1 gallon Mc-0, followed by 0. 2 gallons,
150-200 pen. A.C. and 20 1b of coarse sand per sq yd. This pavement laid early in
September 1956 has been performing excellently for the past four months. Weather
conditions during this period have varied from 90 F and 10 F with heavy ramns, snow
and ice on the surface.

In preparation for in-place soil stabilization studies of this method, the material
removed from the roadway 1n the above test area was tried in plant mix oPerations.
The existing roadway was surfaced with power house cinders laid about 17 to 2 in.
thick upon a heavy clay soil. The upper 4 in. of the material removed from the road-
way, consisting of 2 in. of cinders and 2 in. of so1l, were used 1n this test. The grada-
tion of this combined material was as follows:

Sieve Total Percent Passing TABLE 17
3 MIX. 75% FINE SAND, 25% RAW LOESS
V3 93
4 82 Moisture content during mixing 8% M_C_ 5%—A£
10 68 Hubbard field stability 77 F dry 3000 3100
140 F dry 1650 2200
40 46 Standard 140 F wet 600 650
80 34 % voids 1n compacted mixture,
not corrected for moisture 12% 14%
200 26 Umt weight, pef 148 151
Resistance to freezing-thawing Good Good

In preparing these mixes, the cinder- Max volume chang 1% 3 6%
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clay combination was placed in the mixer and water was added in a quantity sufficient
to distribute the clayey soil uniformly throughout the mixture. Then 6 percent of 150-
200 pen. A. C. was added in the form of a concentrated foam and mixing continued for
30 seconds. Since this mix contained coarse particles Marshall-stability test speci-
mens were prepared. The results of these tests were as follows:

TABLE 8 Similar mixes were produced in which
20 percent of raw loess was added to the
Moisture in mixture 8% cinder clay soil combination. The mixes
Marshall stability 140 F wet 480 1b were prepared and tested in the same man-
Voids in compacted specimen 16. 7 ner as the cinder clayey soil mixes. The
Resistance to freezing-thawing  Fair test results are shown in Table 9.
Unit weight per cu ft 142 1b Analysis of these test results indicates

that some bituminous soil stabilization
mixes can be produced by this method which closely approach Marshall stability cri-
teria for asphaltic concrete. These encouraging results lead to a study of adapting this
method to in-place soil stabilization.

IN-PLACE BITUMINOUS SOIL STABILIZATION

The applicability and the efficacy of the use of a bituminous binder in the form of a
concentrated foam in in-place bituminous soil stabilization was tried and tested on a
Seaman-Andwall Pulvi-Mixer, stock model D.S. 47 having an 8 ft wide hood assembly.
This machine was secured by the Bituminous Research Laboratory for research pur-
poses through the courtesy of the Seaman-Andwall Company of Milwaukee, Wisconsin.

Since this machine was a standard model and only on loan to the Laboratory, it was
necessary that it be adapted to the foamed binder process with as little modification of
the base unit as possible. The equipment necessary for this adaption included a small
steam boiler to furnish the steam required for foaming the binder, a spray bar equipped
with foaming nozzles at the assembly hood, and such piping, fittings, and controls as
were necessary to convey the steam and binder to the spray bar.

The steam boiler used was a 60 gallon capacity steam jenny type fired by an auto-
matic pressure controlled electric fuel oil burner. Steam pressure of this boiler could
be automatically controlled at any pressure between 5 and 100 1b. This boiler was
mounted on temporary steel bracket supports at the front end of the mixer (Figure 5).
A small motor generator set was mounted on the running board of the mixer to supply
the power needed to operate the electric fuel oil burner. Two main steam lines, each
% in. in diameter and insulated, were installed to convey steam from the boiler to the
spray bar. One line, fitted with suitable operating controls for controlling the pressure
and volume of the steam, was used to furnish steam to the foam nozzles. The other
line was used to furnish steam to heat the steam jacketed spray bar.

The spray bar installed just in front of the hood assembly consisted of eight 2-in.

ID steam jacketed tee fittings bolted together with one small steam jacketed straight
section to form a continuous spray bar
spanning the width of the hood assembly
(Figure 6). Each tee fitting of the spray
bar was equipped with a bituminous foam
nozzle (Figure 7). The spray bar was so
adjusted and positioned that the eight noz-
zles sprayed a uniform spread of foamed
binder in front of the cutter and mixer

TABLE 9
5% A. C. 6% A. C.
Moisture in mix 8% 8%
Marshall stability 140 F wet 500 460
Flow 16 21
Voids in compacted mixture 15.1 15.5
Resistance to freezing-thawing Fair Fair

Unit weight 148 142 Figure 5. Steam boiler attachment.
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Figure 7. Spray bar showing nozzle for
foaming the asphalt.

Figure 6. Spray bar attachment.

blades of the hood assembly. The main
steam lines from the boiler were connect-
ed to two steam manifolds, one of which
distributed saturated steam to the nozzles
and the other steam to the steam jacketed
sections of the spray bar. Steam operat-
ing pressure and volume controls on the
main steam line carrying steam to the
nozzles were placed within easy reach of ” ;
the operator in the driver's seat. Figure 8. Stabilizer in operation.

The bituminous binder used in the op-
eration was heated in a 160 gallon asphalt heater kettle. This kettle was towed along-
side the mixer by an outrigger tow bar temporarily mounted on one side of the mixer.
The binder was pumped from the kettle to the spray bar by a gasoline engine drive as-
phalt pump mounted on the kettle. A flexible metal hose connected this pump to the
spray bar (Figure 8). Operation of binder controls was done manually by signal from
the mixer operator. The mixer and asphalt supply kettle moved forward in unison dur-
ing in-place soil stabilization operations.

The operation of the Pulvi-Mixer, adapted in the manner described to the use of a
foamed bituminous binder, was tested on a section of test road 24 ft wide and about 250
ft in length. The surface of the test area consisted of a layer of power plant cinders
about 1% to 2 in. thick laid upon a natural heavy clayey soil. A layer 4 in. deep con-
sisting of approximately 2 in. of cinders and 2 in. of soil was stabilized in these tests.
An average gradation of the mixture of these materials is given in the preceding sec-
tion on plant mix soil stabilization. Moisture content of the road material varied from
6 to 16 percent during the tests, as will be noted, due to weather conditions. Two types
of binder were used, an 85 to 100 penetration asphalt cement and a 150 to 200 penetra-
tion asphalt cement. Both types were heated to 300 to 330 F during application.

Since the materials in the road were stratified, it was deemed desirable that a mix-
ing and blending pass be made prior to application of the binder. This pass served to
loosen the layer of soil to be stabilized, to blend and mix it thoroughly and uniformly,
and to break up clay agglomerations prior to stabilization. This was done prior to
each run. In this preliminary pass the cutting blades in the hood assembly were set to
a depth of 4 in. Each pass yielded about a 6-in. depth of loose mixed and blended ma-
terial.

The application of the binder during the soil stabilization pass was made in the fol-
lowing manner: The Pulvi-Mixer was moved into position at one end of the mixing and
blending pass, and the hood was lowered into position. The cutting blades were set to
mix the full depth of loose material. Steam pressure of about 65 psi at the boiler was
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reduced to about 40 psi by the controls and turned on to check if all foam nozzles were
functioning properly. Then bituminous so1l stabilization was started. As soon as the
mixer began moving forward the asphalt was turned on to the spray bar. During the
soil stabilization pass the mixer travelled at a speed of 40 ft a minute. This was the
slowest speed at which this machine could be operated. The binder was shut off a few
feet ahead of the end of the run to permit the spray bar and nozzles to drain. As soon
as this drainage was completed, the steam was shut off. Due to the speed of the mixer
and the limited capacity of the asphalt pump on the kettle, 1t was found that only 1 per-
cent of binder could be applied at each pass. It was also noted that under these condi-
tions no asphalt pressure was developed at the nozzles. The nozzles functioned satis-
factorily under this condition. To introduce the desired quantity of binder, about 6
percent, several successive soil stabilization passes had to be made. This, however,
served a useful purpose, because the characteristics of the mix with increasing quan-
tities of binder could be observed.

The test road was constructed 1n three 8-ft wide parallel and adjacent lanes. The
first outer lane was started by making a blending and mixing pass with the Pulvi-Mixer.
Soon after this pass was made, an unforecast shower arrived and work was stopped.
Then it continued to rain for two days for a total rainfall of 4 in. This rainfall thorough-
ly saturated the loosened material and the subgrade in this lane. When work was again
started, it was found that the soil contained 24 percent moisture. Consequantly several
aeration passes were made on successive days to dry out the soil. Bituminous soil
stabilization was started when the so1l moisture was at 16 percent. Four stabilization
passes were made, introducing 4 percent of A.C. The binder was uniformly distributed
in the mix which was somewhat spongy. Nevertheless it rolled well under a pneumatic
roller and compacted tightly. In a few places where subgrade was still saturated the
pavement showed subgrade failure under traffic. After the subgrade had dried some-
what, two additional stabilization passes were made, adding 2 percent of binder, rais-
ing the total to 6 percent. Moisture content in the paving at this time was about 6 per-
cent. This mixture rolled very well and compacted tightly. It showed no displacement
other than a slight scuffing under traffic. The binder used in this lane was 150 to 200
penetration asphalt cement. The other outer lane was treated with 85 to 100 penetra-
tion asphalt cement. At the time of treatment soil moisture was about 8 percent. The
first mixing and blending pass was followed by successive stabilization passes applying
6 percent binder to the s0il. An excellent uniform mix was secured. Initial compac-
tion was made with two passes of a Jackson vibrating compactor. Good compaction
was secured. The center lane was processed in the same manner as the second outer
lane. Soil moisture in this lane was about 6 percent, and 150 to 200 penetration as-
phalt cement was used as the binder. , Compaction was secured by two passes of the
Jackson vibratory compactor, followed by pneumatic tire rolling.

The test area was opened to traffic on each lane as it was completed. Behavior
was observed under traffic for about a week. During this period no displacement 1n
any of the lanes was noted. A slhight surface scuffing, however, did occur, and to pre-
vent further scuffing of this nature the entire test area was sealed. One half was
sealed with a single layer sand seal consisting of a prime coat of 0.1 gallon per sq yd
of MC-0 cutback followed by 0. 2 gallons per sq yd of 150 to 200 penetration asphalt
cement covered by 20 1b per sq yd of coarse sand. The other half was sealed with
Schlamme (3) applied at the rate of about 8 Ib per sq yd, giving a layer about % in. in
thickness. The paving in the test area has given excellent service during the past four
months up to the time of this report. Traffic averages about 400 cars per day, and
weather during this period has been comparatively severe, fluctuating between 90 F
and 10 F in temperature and with heavy rains, sleet, freezing rain and about 4 in. of
snow. The pavement is tight, sheds water readily, and shows no distress of any type.

Further tests with this machine in other areas with other types of soil had to be dis-
continued due to cold and inclement weather. It 1s expected that tests will be resumed
early next spring. The work completed, however, has shown that the use of a foamed
binder can sucessfully and effectively stabilize a heavy soil in an in-place so1l stabili~
zation operation. It has also shown that it can handle cinders, one of the most difficult
materials to stabilize with a bituminous binder.
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STANDARD SPECIFICATION MIXES

The knowledge and experience gained in the preceding studies led to a study of the
use of foamed binder in conjunction with standard specification mixes. The question
here was whether the foamed binder could be used with cold moist aggregates 1n the

preparation of these mixes.

In this phase of the work, aggregates secured from an actual construction job under

Iowa State Highway Specification were used.

for the mix was as follows:
TABLE 10

BLEND OF %-% STONE, 30%;
PREBLENDED SAND 35%; CHIPS, 35%

Sieve No. Total% Iowa Specifications
Passing Type A
1 in. 100 98-100
% 1n. 99 98-100
{a n. 92 -100
Vs in. 81 67-87
No. 4 60 47-68
No. 8 46 37-55
No. 30 25 19-34
No. 50 18 13-26
No. 100 10 6-
No. 200 6 3-10

a 30 second wet mix. The total mixing time was 47 seconds.

The gradation of these aggregates blended

A sample of the Type A asphaltic con-
crete mix was also secured from this con-
struction job and tested, using the Marshall
stability test. This test was used for com-
parative purposes to correlate this study
with previous and future studies carried on
in the laboratory. The results of this test
are shown in Table 11.

The first sequence of tests was made
using cold damp aggregates at 70 F and
containing about 3 percent moisture. Mix-
ing was done in the laboratory mixer with
standard kneading paddle tips in the follow-
ing manner: Proportioned aggregates were
placed into the mixer and mixed for 10
seconds, then 7 percent of an 85-100 pene-
tration asphalt cement 1n the form of a
concentrated foam was added, followed by
In this mix an excellent

mastic was formed with the fine aggregate and dust particles thoroughly and uniformly
coated, but the coarse particles were only partially coated. When 150 to 200 penetra-

tion asphalt cement was used as the binder
in this mix an improved coating of coarse
particles was obtained. When the moisture
in the aggregates was raised to 8 percent,
improved coating of the coarse particles
was also secured.

The second sequence of tests made
utilized aggregates dried and heated ac-
cording to specifications. The mix was
prepared in the same manner as those 1n
the first sequence. Excellent mixes were

TABLE 11

TYPE A ASPHALTIC CONCRETE
CONSTRUCTION SAMPLE

% asphalt cement 6.5
Marshall stability, 1b 1260
Flow 12
Unit weight, pcf 142
Percent voids 7.1

secured which produced test results equal to those of the construction mix control.
This sequence of tests disclosed that the foamed binder method can be applied success-
fully to standard mixes, mixed in the conventional manner in regular pug mill mixers,
in which no special paddle tips or mixer speed changes are required.

A third sequence of tests was conducted to determine the Iimiting effects of the tem-

perature of the aggregates.

Mixes were made with the temperature of the aggregates

reduced step by step. The character of each mix was carefully observed. It was noted
that at aggregate temperatures of 180 F and above excellent mixes were secured. When
the temperature was lowered to 160 F the coarse aggregate particles were not wholly

coated with binder. Mixes made with the
temperature of the aggregates at 180 F
and 200 F were tested. The results of
these tests are shown 1n Table 12, )
Analysis of the results of these tests
confirms the effect of aggregate tempera-
ture upon some of the physical properties
of the mix when asphalt cements are used
as the binder. It was however noted from

TABLE 12
Aggregate temperature 180 F 200 F
% asphalt cement content 6% %
Marshall stability 610 700
Flow 8 10
% voids in compacted specimen 8 5
Unit weight, pcf 138 138
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experience in previous work that the effects of aggregate temperature are not nearly
as great when the binder 1s applied in the form of a concentrated foam as 1t is when
the binder 1s applied 1n either liquid or atomized droplet form. This characteristic of
a foam binder 1n relation to aggregate temperature can have a material effect upon in-
creasing plant production. Since the output capacity of most asphalt plants is limited
by its drier capacity, any increase in drier capacity by reason of lowered aggregate
temperature required would materially increase plant production.

CONCLUSIONS

In this research work the feasibility of efficiently and effectively producing a foam
of a bituminous binder 1n several forms has been studied and the applicability and the
efficacy of such foamed binders in bituminous paving mixtures and 1n bituminous soil
stabilization has been investigated. Although the work was somewhat exploratory in
nature, a mass of sigmficant data and results of tests have been compiled from which
many specific and definite conclusions may be drawn.

1. The study disclosed that a bituminous binder can be efficiently and effectively
foamed in several forms. Special foaming nozzles were developed and designed, to-
gether with necessary adjunct apparatus, that can instantaneously create the character
of foam desired at the time and place required. The foam can be introduced into a
mixture 1n the manner and quantity required.

2. The physical properties of a bituminous binder can be temporarily modified
without altering the chemical constitution of the binder by foaming the binder. The
viscosity can be lowered materially to provide easier and more uniform distribution of
the binder during mixing. The lowered viscosity increases the plasticity of the mix-
ture at lower temperatures during placing or laying. The viscosily is restored to nor-
mal during compaction of the mixture, permitting it to set rapidly. The surface ten-
sion of the binder 1s so modified that coating of the aggregate 1s accomplished more
readily, and improved adhesion between binder and aggregate is attained. Since the
binder is in the form of a bubble rather than a liquid thin films of binder form on the
aggregate surface merely upon contact, regardless of the size of the aggregate particle.

3. Bituminous mixes containing local ungraded aggregates can be produced more
readily and safely by this method than by any other method studied and investigated in
this or any other previous research projects conducted at the Bituminous Research
Laboratory. When foamed binder 1s used, higher strengths, greater resistance to
freezing and thawing, and other desirable properties are obtained than by any other
method investigated. When a foamed binder is used the aggregates need not be heated
to as high a temperature as that required by the atomized binder method to obtain sat-
isfactory mixes.

4, Bituminous mixes containing local ungraded aggregates can be produced by the
foamed binder method in standard twin shaft pug mill mixers without any change of
mixer paddle tips or modification of mixing procedure.

5. Plant mix soil stabilization mixes can be produced readily and effectively without
need of dry pulverization of fine fractions and with asphalt cement as the binder when
the foamed binder method is used. Breakdown of agglomerations or lumps of fine or
clayey fractions is achieved by the addition of the proper quantity of water prior to the
addition of the foamed binder. The water also assists 1n the uniform distribution of
the foamed binder throughout the mix. Mixing of this type of mixture can be accom-
plished 1n standard conventional mixers.

6. The use of the foamed binder method is readily and effectively applicable to in-
place soil stabilization operations, using commercially available equipment. When
reasonable soil moisture control 1s exercised, excellent mixes having the binder uni-
formly distributed throughout the soil can be obtained. Soil stabilization mixes con-
taining heavy clayey soils and 6 percent of 150 to 200 penetration asphalt cement can
be produced by this method. The mixes possess high stability, good resistance to
freezing and thawing, good waterproof character, and other desirable properties.

7. Standard specification high and medium type asphaltic concrete mixes can also
be produced by the foamed binder method. Such mixes have physical properties equiva-
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lent to the same mixes made by conventional means. Mixing time can, however, be
reduced and still secure uniform distribution of the binder throughout the mixture. Ag-
gregate temperatures may also be somewhat lowered in high type, and may be consid-
erably lowered in medium type asphaltic concrete mixes without adversely affecting the
physical properties of the mixture when the foamed binder method is used. Plant ca-
pacity can be increased by producing mixes using the foamed binder method.

8. The foamed binder method can be used in conjunction with either batch type or
continuous type mixers.

FURTHER WORK

The work concerning foamed bituminous binders up to this time has been aimed
toward determining their application to and their efficacy in the production of a variety
of bituminous paving and soil stabilization mixes. With this phase of the work nearing
completion, attention is being directed toward the details of optimums of design and to
the control of the wide variety and numerous types of bituminous mixes which can be
produced by utilizing the foamed binder method.

PATENTS

The new developments made or discovered in the prosecution of this work have been
assigned to the Iowa State College Research Foundation. The Iowa State College Re-
search Foundation has filed patent applications covering the method; the apparatus, in-
cluding the nozzles; the use of the various forms of foamed binder and its application
to the various types of bituminous mixes. Patent applications have been filed in the
United States and Germany, and may also be filed elsewhere as deemed desirable.
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HE NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN-

CIL is a private, nonprofit organization of scientists, dedicated to the

furtherance of science and to its use for the general welfare. The
ACADEMY itself was established in 1863 under a congressional charter
signed by President Lincoln. Empowered to provide for all activities ap-
propriate to academies of science, it was also required by its charter to
act as an adviser to the federal government in scientific matters. This
provision accounts for the close ties that have always existed between the
ACADEMY and the government, although the ACADEMY is not a govern-
mental agency.

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY
in 1916, at the request of President Wilson, to enable scientists generally
to associate their efforts with those of the limited membership of the
ACADEMY in service to the nation, to society, and to science at home and
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their
appointments from the president of the ACADEMY. They include representa-
tives nominated by the major scientific and technical societies, repre-
sentatives of the federal government, and a number of members at large.
In addition, several thousand scientists and engineers take part in the
activities of the research council through membership on its various boards
and committees.

Receiving funds from both public and private sources, by contribution,
grant, or contract, the ACADEMY and its RESEARCH CoOUNCIL thus work
to stimulate research and its applications, to survey the broad possibilities
of science, to promote effective utilization of the scientific and technical
resources of the country, to serve the government, and to further the
general interests of science.

The HIGHWAY RESEARCH BOARD was organized November 11, 1920,
as an agency of the Division of Engineering and Industrial Research, one
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL.
The BOARD is a cooperative organization of the highway technologists of
America operating under the auspices of the ACADEMY-COUNCIL and with
the support of the several highway departments, the Bureau of Public
Roads, and many other organizations interested in the development of
highway transportation. The purposes of the BOARD are to encourage
research and to provide a national clearinghouse and correlation service
for research activities and information on highway administration and
technology.




