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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 m 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 is 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 in 1953. The f i rs t 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 practicp. 

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 i t was assumed that bituminous concrete as gener
ally used consists of a mixture of coarse aggregate, fine aggregate, mineral f i l le r and 
asphalt cement. Such a material is plant-mixed, laid with a spreading and finishing 
machine, and immediately 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 I S 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 i t 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, i t is believed that no essential in
formation was lost through the use of the term "binder course." While i t 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 f i l ler 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 wi l l find that in a few instances the report may seem to underemphasize certain 



important phases of bituminous-concrete construction, and in other instances over
emphasize less important phases. However, i t is believed that the report wi l l 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 m 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 bi
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 T A B L E i-a 
Natural sand is reported as being used M A T E R I A L S U S E D E I T H E B 

as fine aggregate either optionally or ex- O C T I O H A L L Y OR BCcmsimY A S F H ^ A O G R E S A I E 

clusively by all but one of the 50 reporting 
highway agencies. Seven report an ex- ^ind of Material Mumber of Agencies 
elusive use of natural sand. The single 
agency not using sand (Delaware) permits , 
only the use of stone screenings. Thirty-
one agencies report an optional use of stone Bcreenings 31 
stone screenings, and 14 report an op
tional use of stone sand. Several other stone sand 
materials are used less extensively. Natural sand and screenings 11 
Table 1-a^ lists all of the materials that 
were reported as being used as fine ag- siag screenings 9 
gregate in bituminous concrete mixtures, 
and indicates the number of agencies us
ing each. Chat 

Crushed gravel screenings 

Particle Shape ^ taUmgs 2 
Only five agencies report having spec- Volcanic cinders _l_ 

ifications concerning the proportion of an- agencies reporting 50 
gular or rounded particles in the fine ag-
gregate. The small number of agencies 
reporting such a requirement, and the variability of the answers that were received 
from them, seem to indicate that this requirement is essentially of local significance. 
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." 

*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. 



Three agencies not specifying the proportion of angular or rounded particles in 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 in 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 e:5perience 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. Qf 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 DELEŜ ERIOUS MATERIALS IN FINE AGGREGATE 

Material Specifically 
Limiting 
Material 

Allowing 
No 

Amount 

Having 
Percentage 
Limitation 

Percentage 
Limitations 

(>o) 
Clay, loam 20 11 5 0.25-15 
Organic, vegetable, 

roots, etc. 11+ 11 3 0.1-1 

Clay lumps Ik 5 8 0.2-1 
Shale 9 1 5 0.5-2i/ 
Finer than No. 200 

sieve; or decanted 8 0 8 1-12 
Soft 6 1 3 3-5 
Coal, lignite 6 0 k 0.5-1 
Cemented 2 1 1 1 
Other (mica, a lkal i , shells, 

cinders, salt, elongated) 5 1^ a3/ 0.5-1 
Undifferentiated Ik 11 1 3 
No specific limitation 

Total reporting 

10 agencies 

50 agencies 
1/ One state allows up to 12 percent shale in total mixture. 

2/ One state requires freedom from mica and salt . 

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



TABLE 1-c 

SOUDDDESS RBQUIKEMEIfrS FOR FINE AGGREQATE 

Test 
Staadard) 

Max. Allowable Nuniber 
Cycles Weight Loss of Cycles 

(percent) Agencies 

5 10 7 
5 12 3 
5 15 2 
5 8 1 

10 7 1 
10 8 1 

5 12 1 
5 16 ^ 2 / 
5 8 1 

10 12 1 
10 22 1 

15 8 1^ / 
16 25 1 

Non-standard freeze-thav 1 
30 

50 

BsaaxTiB 

Sodium sulfate 

Magnesium sulfate 

Preeze-thaw 

Not specified 

Total agencies 

Stone for sand.^ 
Natural sand ±/ 

stone for sand 
Natural sand 

Test of parent material 

1/ One agency reports four separate requirements 

2/ 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 lignite, 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 l i m i 
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 is 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 limiting the quantity of "clay" 
and "loam" in fine aggregate indicates that few actually define these materials. It is 
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 



sulfate test in combination. One agency bases its 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. A l l 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 percent^es retained. 

Not all agencies use the same separating size between fine and coarse aggregates. 
If i t 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 A^regate 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, i t 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, Apri l 1953, was used to convert "passing and retained" requirements to "per
centage passii^." 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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Figure 1. General acceptabil i ty with respect to gradation of f ine 
aggregate for binder-course mixtures. 

For each sieve, curves of frequency of acceptance were prepared in the same manner 
as that employed in examining mixture gradations, as described later. 

From the frequency-of-acceptance curves were determined the usage envelopes of 
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Figure 2. General acceptability with respect to gradation of fine 
aggregate for surface-course mixtures. 

Figure 1 for binder-course fine aggregate and Figure 2 for surface-course fine aggre
gate. The envelopes of these figures have been prepared to show: (1) limits acceptable 
to over 40 percent of the reporting agencies; (2) limits acceptable to 20 to 40 percent 
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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 anollier set for the agencies reporting the No. 10 sieve size as the nominal maxi
mum size for fine aggregate. As would be ejcpected, the envelopes show a much bet
ter agreement among agencies when the maximum size of material is 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. XAHLE 2-a 

M A T E R I A L S U S E D E I T H E R 
O E P I O N A L L Y OR E X C I J U S I V E L Y A S C O A R S E AOGRBGATE 

Kind of Material Nuniber of Agencies 

Crushed stone 

Crushed gravel 39 

Crushed slag 1 8 

Gravel Ik 

Mine chats 3 

Volcanic cinders 2 

Crushed houlders 1 

Lava 1 

Total agencies 50 

COARSE AGGREGATE 
Kinds of Material 

Al l but one of the 50 agencies replying 
to the questionnaires report that crushed 
stone is used to at least some extent as 
coarse aggregate for bituminous-concrete 
mixtures. Crushed gravel is used by 39 
agencies, and crushed slag, uncrushed 
gravel, and other materials to a lesser 
extent. A complete tabulation of usage is 
shown in Table 2-a. 

With reference to crushed and un
crushed material, 21 agencies indicate 
that they require all coarse aggregate to 
be crushed or fractured; 17 agencies 
permit part of the coarse aggregate to be 
uncrushed; and 12 agencies permit all of 
the coarse aggregate contained in the 
mixture to be uncrushed. For the 17 
agencies permitting a portion of the coarse 
aggregate to be uncrushed, specified per
centage limitations are as shown m Table 
2-b. 

Wear Requirements 
Wear requirements for coarse aggre

gates used in bituminous-concrete mix
tures are specified by 48 of the 50 re
porting agencies. Forty-two of these 
base their requirements on the Los An
geles Abrasion Test, and the remaining 
SIX use the Deval Abrasion Test. Speci
fied maximum percentages of loss by the 
Los Angeles method (500 revolutions) 
range between 30 and 60. Nineteen agen 
cies specify a maximum percentage loss 
of 40, 7 specify a maximum percentage 
loss of 35, and no more than 4 agencies 
specify any one other percentage value. 
A complete summary tabulation of the 
wear requirements for those agencies using the Los Angeles method of test appears 
in Table 2-c. 

For the six agencies basing wear requirements on the Deval method of test, maxi-

TABLE 2-b 
FERCENTAGE L I M I T A T I O N S ON UNCRUSHED 

COARSE AOSBSataS B A R T I C L E S 

Maximum Percent of Uncrushed 
Particles Peimitted in 

Coarse Aggregate 

Number 
of 

Agencies 

25 

30 

ItO 

50 

60 

1(0 

3 

6 

(based on total aggregate) 
(based on total aggregate) 

Total agencies 
50 

17 



TABLE 2-c 
WEAR REQUIRaiEIITS FOR COARSE 

AGGREQAXE BASED ON LOS ANGEUiS METHOD OF TEST 

Maximum Percent 
Loss Allowed Number of 

Agencies 

60 

55 

50 

kd 

45 

1*0 

37 

35 

32 

30 

Total agencies 

1 9 

mum allowable percentage loss values 
ranged from 3. 5 to 7 for stone, and be
tween 15 and 16 for gravel. 

Soundness 
Twenty-four agencies report having a 

soundness requirement in their specifica
tions concerning coarse aggregate for b i 
tuminous concrete. As wi l l be seen from 
Table 2-d, most of these report basing 
their requirements on the AASHO stand
ard sodium sulfate or magnesium sulfate 
tests. Three use the standard freeze-thaw 
test, one of these in combination with the 
sodium sulfate test and another in combi
nation with the magnesium sulfate test. 
Two agencies report using a non-standard 
freeze-thaw test. Twenty-one agencies 
report that they do not have a specific 
soundness requirement for the coarse ag
gregate, and five agencies did not reply 
to the question or furnished an imcom-
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 in 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 in the coarse aggregate. Undoubtedly others are of the same 
opinion. 

Table 2-e summarizes information concerning the substances that are most f re 
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-e) place a percentage l i m i 
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 

Test 
(AASHO Standard) Cycles 

Maximum Allowable 
Weight Loss 
(percent) 

Number 
of 

Agencies 

Sodium sulfate 5 12 
%J 5 15 

5 10 2 
5 8 1 
5 

10 
20 
7 

Magnesium sulfate 5 
5 

10 

12 
8 

12 

Freeze-thaw 16 10 
50 
15 

15 
8 w 

Non- standard freeze-thaw 2 

Not specified 

No reply or incomplete reply 

Total agencies 

21 

5 

50 

l / Sodium sulfate and freeze-thaw alternate combination, one agency. 

2/ Sodium sulfate and magnesiimi sulfate alternate combination, one agency. 

3/ 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 in 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 sizes. 

Seventeen of the 50 reporting agencies include gradation limits in their specifica
tions for the coarse aggregate that is used m binder-course mixtures. Two of the 50 
reporting agencies state that a binder course is 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 
LIMITATIOH OF DELETERIOUS MATERIALS IH COARSE AGGREGATE 

"""" Number of Agencies Range of 
„ . . Specifically Allowing Having Percentage 
Ma-ceriax Limiting No Percentage Limitations 

Material Amount Limitation (>0) 

Organic, vegetable, 

roots, etc. 11 7 ^ 

Clay, loam 13 9 2 

Clay lumps l8 3 15 

Finer than No. 200 

sieve; or decanted 13 0 11 

Soft l6 1 13 

Coal, lignite 9 0 8 

Sha.\e l6 1 11 

Elongated 10 5 ^ 

Other (cinders, shells, 

schist, etc.) 7 

Undifferentiated ik 8 2 

No specific limitation 9 agencies 

Total reporting k8 agencies 

0.03-1 

1 

0.05-2 

0.05-U 

2-10 

0.25-1 

0.5-12^/ 

2-15 

2-5 

1/ 12 percent of total mixture 

Al l but three of the agencies specifying 
coarse-aggregate gradation limits specify 
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 is considered to be 
the nominal maximum-size sieve, the 
distribution of agencies according to spec
ified nominal maximum size of coarse ag
gregate is as shown in Table 2-f. It wil l 
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. size (6 
agencies). For surface-course mixtures, 

TABLE 2-f 
nOKDIAL MAXnUM SIZE OF CQIIBSE AGQBEaAIB S^DTED 

Milmber of Agenciefl 
Nanlnal Haxlioum Btnoer-CourBe Surface-Course 

Sieve Size Coaree Aggregate Coarse Aggregate 
(luchesl 

1 1/2 1 
1 1 
1 7 1 
7/8 1 
3/h 6 3 
5/8 1 3 
1/2 10 
3/8 1 
Total agencies 17 13 
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Figure 3. General a ccep t ab i l i t y w i th respect to gradation o f coarse 
aggregate f o r binder-course mixtures . 

the nominal maximum sizes of coarse aggregate most frequently specified are the Va
in, size (10 agencies), and the V i - i n . and %-in. sizes (each by 3 agencies). 

Gradation-limit envelopes for the coarse aggregates were prepared in the same 
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Figure 4. General a ccep t ab i l i t y w i t h respect to gradation o f coarse 
aggregate f o r 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 in Figure 4 for surface-course coarse a^regate. 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 size of 1 
in. for coarse aggregate, and for the agencies indicating a coarse-aggregate nominal 
maximum size of % 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 indicating the use of a nominal maximum size of % in. for coarse aggregate 
(see Figure 4). It wi l l be seen from the usage envelopes that there is a reasonably 
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good agreement among agencies in 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 is 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 f i l ler . Though not stated specifically, 
the mineral-filler requirements listed by four additional agencies indicate that their 
f i l le r would be soil fines or the fine fraction usually present in their granular mix
tures. Two agencies state that they require no mineral f i l ler . 

The f i l ler materials that are most frequently specified, and the number of agencies 
specifying them, are listed in Table 3-a. It wi l l 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 f i l le r include hydrated lime, 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 f i l ler . Fourteen of these have requirements identical to those listed m AASHO 
Specification M 17-42. One of the 14 has additional requirements in 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 MHJERAL Fium 

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 36 
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
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 I n e r t mineral matter 10 
of material (about 5 percent) to be re
tained on this sieve. Thirteen agencies 
have reduced the allowable amount to be 
retained on the No. 200 sieve by raising Total agencies 
the lower limit on this sieve from 2 to 15 

Mineral dust 11 

other 12 
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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 size fractions finer than the No. 200 sieve, including both sieve and sub-
sieve 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 f i l l e r 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 f i l ler . 
One agency specifies that the f i l le r be non-plastic and non-hydrophilic. 

ASPHALT CEMENT 
Al l of the reporting agencies indicate that the asphalt cements (prepared from pe

troleum) used in 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 identical to those of the AASHO standard 
specifications (Designation: M 20-42). 

TABLE k-a 

BBNEIBATIQN GRADES OF ASIBALI CEMENT 
REKffiTED SFGCIFIED FOR BirutONOUS-CQNCREEE HIXIUBES 
Penetration Grade 

or Orades 

61-70 
60-70, 70-85 

60-7O; 70-85; 85-100 

6O-7O; 85-100 

60-70, 85-100, 100-iao 

70-85 

70-80, 85-100 

70- 85; 85-100 

71- 80, 85-100, 150-200 

85-100 

85-100, 100-iao 

85-120 

85-100; 100-120, 120-150 

85-100; 121-150 

100-120; 120-150 

120-150 

120-150, 150-200 

150-200 

Total agencies 

IhMber of 
Agencies 

1 

1 

1 

k 
1 

3 

2 

3 

1 

^^ 
2 

1 

1 

1 

1 

^ 
1 

1 

-5Q 

1/ Includes two agencies 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 wi l l 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 is confined to any other 
single penetration grade. The lowest 

TABLE U-b 
SinOttRY OF USE OF FGNBERATION GRADES OF 

ASPHALT CJMEISIT DJ BITUMIHOUS-COHCBETE MIXTURES 
Penetration 

Grade 
Number of 
Agencies 

60-70 (or 61-70) 8 

TO-80 (or 71-80) 3 

70-85 8 

85-100 (or 86-100) liO 

100-120 6 

120-150 (or 121-150) 6 

150-200 3 

Total Agencies 50 



16 

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 is 
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 e:q)ected 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, i t wi l l be seen from the summary of Table 4-b 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 this test. A l l 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. 

A l l 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 35-100 penetration). Of 
the 14 agencies listing ductility require
ments for penetration grades of 70-85 and 
lower, 11 show a required ductility of not FLASH POUR SSSCWIXB TOR ASPHtLT CEKDH 

less than 100 cm, only two require the ' ~~ i R i ^ 
ductility that is specified by the AASHO *««ci«_i / 
standard, and one requires a ductility of 
not less than 70 for 61-70 penetration. "(L^'.SSJSr'' ^ 

Hot leaa than 350°r. 2 

Flash Point Not l . a . ^OOV 5 
Twenty-four of the 50 reporting agen- t n " ' ^ s ' ^ - 3 

cies require a flash point of not less than »ot leaa than 1.50°?. 15 
347 F, as required by the AASHO stand- othara (jĵ nging trm yik°T. 

are specifications. The remaining 26 *° ' 
agencies specify higher flash points. ^ ^ 
Deviations from the standard AASHO re
quirements were in some instances of 1/ Three agenclea vary fXaah point aceorGliiig to penetration grade. 
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TABLE k-d 

RSqgjIKEMKNIS FOR 
miESBASiaS OF RESIDUE FRCM EVAPORATION 

LOSS COMPARED TO PENETRATION BEFORE HEATING 

Penetration 
Grade 

Penetration Relation
ship (not l e s s than, 

percent) i / 

Ruoiber 
of 

Agencies 

S5SH0 
Standard 

Requirement 
60-70 (or 61-70) 

70-80 

70-85 

85-100 (or 86-100) 

100-120 

120-150 (or 121-150) 

150-200 

70 
75 
80 

60 
65 

60 
70 
75 

50 
60 
65 
70 
75 
80 
80.25 

60 
65 
70 
75 
80.25 

60 
65 
70 
80.25 

65 

2 
3 
1 

1 
1 

1 
k 
3 

2 
k 

Ik 
6 
9 
2 
1 

2 
1 
1 
1 
1 

1 
2 
2 
1 

Not l e s s than 
75 percent 

Not lees than 
65 percent 

Total agencies 1̂ 9 

1/ Penetration of residue from evaporation loss ccsnpared to penetration 
before beating. 

considerable magnitude. Fifteen agencies specify a flash point ot 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 concernii^ the penetration loss, the permissible values vary consider
ably, and departures from the AASHO standard are frequent. This wi l l 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 is listed as optional in the AASHO standard specifications 

(M 20-42) for asphalt cement. When specifications based on the spot test are to be in
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 wi l l be noted from the table that specifications 

TABLE k-e 
ASPHALT CMENT SEQiUflREMENTS BASKD 

ON THE STANDARD SPOT TEST 
~ 7 Z '• I Percent Bhimber 

Req-u^ement Xylene of Agencies 

Standard naphtha Negative 25 

Naphtha xylene Negative 10 2 

Naphtha xylene Negative 15 3 

Heptane xylene Negative 35 6 

No requirement specified 13 

Not reported 1 

Total agencies 50 
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TABLE U-f 

SPECIFIED RBQ(JIR£MENTS BASED ON TESTS OF 
ASPHALT RECOVERED FRCM. BITUMINOUS CONCRETE MTCTURES 

Asphalt recovered by: 
Agency 

A B C D 
ASTH ASTM Abson 

D 762-U7T D 762-14-9 Method i / 

Penetration, percent of original , 
not l e s s than 50 65 50=^ 65 

Ductility, cm., not l e s s than toV 60V lo o V 

Ash, percent, l e s s than 1 .0 

Flash point, °F., not l e s s than UOO 

Loss on heating, percent, not more 
than 1.0 

Penetration of residue from evapor
ation loss, compared to penetration 
before heating, percent, not l e s s than 65 

Total bitumen (soluble i n carbon disvilfide), 
percent, not l e s s than 99.0 

Spot test, naptha xylene solvent, I5 percent 
xylene Neg. 

1/ Extraction by method of AASHO T 58-30 

2/ For penetration grade 75-100 

3/ For penetration grades l»0-75 

k/ Ductility of original asphalt required to be not l e s s than 100 cm. 

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. A l l 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 requirement 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 replies 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 fal l 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 asphalts 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 wil l permit the ductility 
to fa l l to from 40 to 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, i t 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 is 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 ^andard 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 
A l l 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 i t 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. A l l 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. 

A l l 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. 

A l l 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 is satisfactory for outlining the general limits of gradation 
for mineral aggregates. The range between the maximum and minimum 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, 
wi l l produce a satisfactory mix. 

The degree of general control is 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 wi l l 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 is 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 in its specifications a sieve finer than the No. 100. How
ever, this agenpy 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 in 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 in surface-course mixtures than in bind' 
er-course mixtures. Usage with respect to the maximum size of aggregate is shown 

TABLE 5-6-a 

FRB«OENCY OF USE OF VARIOUS MAXIMUM SIZES 
FOR MINERAL AGGREGATE 

Sieve 
Size 

(inches) 

Number of Agencies 
100 Percent 95 Percent or 

to Pass i / More to Pass 
90 Percent or 
More to Pass 

Binder-Course Aggregate (1*8 agencies) 

2 2 - -
1 3/h 1 2 1 

1 1/2 5 k 5 

1 1/k 12 9 2 

1 lU 13 16 

7/8 2 2 2 

5/h 10 15 18 

5/8 1 1 1 

1/2 1 2 3 

Surface-Course Aggregate (50 agencies) 

1 l / k 2 - -
1 11 6 k 

3/h 13 11̂  13 

5/8 1̂  U 1̂  

1/2 20 2k 26 

3/8 - 2 3 

1/ Agencies not stating a 100-percent-passing requirement are placed i n the 

sieve-opening group next above the maximum size l i s t e d i n speci f icat ions . 
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in Table 5-6-a. For the purpose of this discussion, three separate groupings are 
shown in the table. The f i rs t grouping is based on the maximum size of sieve that all 
aggregate is required to pass. For those agencies that do not set a top size that all 
material must pass, the next largest standard sieve size above the top size mentioned 
in 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%-in. 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 tolOO percent pass
ing the sieve, considers the openings of that particular sieve to be the nominal top size 
of the aggregate. It wi l l be noted from Table 5-6-a that, for binder-course materials, 
the most frequently specified top sizes by the f i rs t method of grouping are the 1 % - i n . , 
1-in. , and in. sizes. For the second and third methods of grouping, the 1-in. and 
'A-in. sizes predominate. For surface course mixtures, the A-in. and %-in. top sizes 
predominate regardless of the method of grouping, although by the f i rs t method of 
grouping a considerable number of agencies are also shown to use a 1-in. size group. 

As was indicated earlier m 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 in this report are made with the assumption that the nominal 
maximum size is the sieve size through which at least 90 percent of the material is 
required to pass, but through which up to 100 percent is allowed to pass. In other 
words, it is assumed that some agencies are specifying that material containing up to 
10 percent of particles larger than the nominal size is acceptable. This assumption is 
not based on specific information that was received from the reporting agencies. How
ever, grouping of gradation limits based on this assumption provided the best showing 
of uniformity 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 f rom coarse to fine, with 
no great concentration at any one particle size and with no absence of particles at any 
size, I S generally considered productive of the best bituminous concrete. Because of 
the influence of angularity, roundness, and probably other considerations, there is 
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 i t considers con
sistent with its needs and ability to financially fu l f i l l these needs. This brings about 
a certain amount of variation in the degree of control that is exercised over the grada
tion of the mineral aggregate. 

Al l 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. Al l 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 f i t aggregates available in the 
area of construction projects where the binder-course mixture is to be used. 

Besides controlling the gradation of the mineral aggregate, i t is considered desir
able by most agencies to also control the uniformity of grading of the aggregate from 
coarse to fine. Two different methods are generally used to accomplish this purpose. 
The f i r s t of these is to use the passing-and-retained method of specifying gradation 
limits. By this method considerable assurance is offered that there wi l l 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, in 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-passii^ method, a few 
(six) attain increased uniformity by specifying a certain minimum percentage of mate
rial to be retained between successive sieves. Four of tliese 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 Vs-in. 
sieve. 

Additional uniformity obtained through the use of job-mix formulas and tolerated 
variations therefrom wil l 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, i t is f i rs t neces
sary to place all of the prescribed gradations on a common basis. As explained earli
er in 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 I S usually done, charts on semilogarithmic paper with a percentage scale on the 
vertical axis and the sieve sizes in logarithmic scale on the horizontal axis have been 
used for the comparisons. 

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

TABLE 6-b 

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

, , Indicated Limiting Pereentaees By Weight of Total Aggregate Peimtted to Pass Sieve 
1 l A I n . 1 m. m. 5/a i n . l/S I n . iiH, i n . Ho. k No. 10 No. 20 Ho. I4O Mo. Ho Wo. 200 

Ala. 
A r i z . 
Ark. 
C a l i f . 
Colo. 
Conn. 

Del. 
D. C. 
F l a . 
Ga. 
Idaho 
111. 

Ind. 
Iowa 
Kans. 
Ky. 
La. 
Maine 

Md. 
HaBS. 
Mich. 
Minn. 
Hiss. 
Ho. 

Mont. 
Nebr. 
Hev. 
N. H. 
H. J . 
N. Mex. 

N. Y. 
N. C.-
N. Dak. 
Ohio 
Okla. 
Oreg. 

Pa. 
R. I . 
S. C. 
S. Dak. 
Tenn. 
Tex. 

Utah 
Vt. 
Va. 
vrash. 
W. Va. 
Wis. 

Wyo. 
Ontario 

100 

100 
100 

100 
100 

95-100 

100 
100 

95-100 
85-90 

100 
95-100 
90-100 
82-100 

100 

98-100 
95-100 

100 

100 88-100 

100 

100 

100 
100 96-100 

95-100 81-92 

100 
100 

100 

100 

98-100 
100 
100 

95-100 
100 
100 

100 90-100 

100 

100 

100 
98-100 

100 

100 

100 
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87- 100 
75- 85 
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60-100 
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100 
100 
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100 
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78-93 

100 
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100 
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100 

93-100 
87-93 

100 
97-100 

76-100 
81- 97 
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100 

85-100 
90-100 

95-100 
95-100 
82- 100 
7'^-93 
90-100 
85-100 

100 
100 
100 

75-90 
100 

97-100 

100 
100 
100 

90-100 
100 

95-100 

100 
100 

60-80 
U5-65 
77- 88 
60- 75 
61- 75 
51- 86 

80-100 
80-100 
61-92 
95-100 
72- 87 
78- 92 

85-98 
67- 87 
65- 88 
85-100 
78- 95 
80-100 

66- 80 
87-100 
83-100 
70- 85 
95-100 
71- 100 

58-8lt 
70-95 
52- 69 
80-95 
7't-ioo 
55-85 

82-93 
79- 90 
68- 93 
U3-86 
79- 9^ 
73- 88 

80- 100 
Bk-uoo 
75-97 
64-83 
89- 100 
75-88 

90- 100 
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80-100 
69- 87 
85-100 
75-100 

8U-100 
75-88 

l40-bO 
37-S7 
55-75 
I40-55 
I1O-52 
28- 55 

50-65 
55-80 
33-81* 
30-80 
1*5-65 
1*5-73 

32-76 
1*7-61 
53-T7 
50-70 
60- 80 
35-75 

1*8-62 
58-73 
61- 76 
50-65 
80-95 
29- 78 

3l*-73 
1*5-65 
37-51 
1*5-75 
26-78 
1*0-65 

1*6-71* 
1*2-68 
l*l*-78 
2l*-75 
55-80 
I18-60 

1*5-72 
28-73 
58-75 
1*7-70 
6U-76 
37-69 

20- ltO 
25-1*5 
1*0-55 
28- 38 
29- 38 
22-1*1* 

30- 1*5 
1*0-75 
2l*-75 
l*l*-6l 
30- 50 
27- 62 

21- 72 
3l*-53 
37-61 
31- 1*8 
1*0-60 
30- 55 

32- 1*1* 
31- 57 
32- 1*7 
35-50 
55-75 
22- 71 

25-61* 
25-1*5 
28- 38 
30-50 
19-73 
30-50 

17-52 
22- 57 
25-60 
23- 67 
1*0-55 
27- 1*3 

28- 52 
27-72 
1*2-60 
35-55 
1*6-56 
12-57 

70-100 60-90 
1*6-81* 2l*-75 
50-70 
35-62 
60-80 
1*5-85 

35-50 
20-1*0 
37-57 
30-55 

50-70 30-50 
50-60 37-58 

xl*-32 
19- 31* 
26-1*1 
17-26 
21*-33 
17- 37 

20- 30 
23-50 
22- 63 
30-1*6 
2l*-l*0 
25-57 

11*-51* 
23- 1*0 
2l*-l*3 
15- 31* 
29-51 
2l*-l*5 

18- 31 
21- 52 
25-37 
2l*-38 
I1O-57 
18- 60 

19- 51* 
19-31* 
2U-32 
17- 37 
18- 67 
22- 38 

8-31* 
17- 50 
18- 1*7 
13-1*7 
29-1*1* 
17-32 

16- 31* 
19- 56 
36-52 
27-1*1 
31-1*0 
12-57 

1*3-79 
22-63 
21-36 
15-33 
21- 38 
22- 1*1* 

23- 39 
23-1*8 

10-25 5-15 2-8 
15-25 8-17 2-10 
15-30 9-20 l*-10 
11-19 7-13 3-6 
19-27 13-21 l*-8 
12-31 e-18 l*-0 

15-25 10-20 5-10 
10-30 3-15 2-8 
19-53 10-26 5-0 
20-30 11-23 5-10 
18-32 12-22 5-12 
22-U6 15-23 l*-9 

8-1*0 1*-18 3-9 
17-30 8-20 3-10 
17-29 U - 1 5 6T12 

6-21* 1-12 0-5 
20-35 12-25 1*-10 
12-1*0 7-19 3-8 

10-20 6-11* 2-8 
15-31* 9-17 I*-6 
19-28 12-19 5-9 
15-30 8-16 i*-a 
28-1*2 12-21* 6-10 
15-52 9-30 i * - i i 

15-1*7 9-25 l*-9 
ll*-26 8-17 5-10 
20-27 13-20 5-11 
10-30 5-20 3-8 
li*-5l* 7-26 U-9 
15-30 8-20 1*-10 

6-2I* 3-13 2-6 
ll*-l*l* 6-22 2-9 
13-31* 7-20 2-8 

7-30 2-16 0-5 
20-37 10-25 l*-8 

9-23 6-ll* 3-7 

9-2I* 3-13 2-0 
12-31* 9-17 5-9 
25-35 15-25 5-12 
20-30 13-20 6-10 
19-27 7-11* 
12-57 7-38 2-11 

30-70 lO-llO 5-12 
19-53 10-26 5-8 
10-25 3-15 2-10 
10-28 3-18 1-6 
11-26 5-11* 1-5 
15-35 10-25 5-12 

18-31 12-20 5-10 
16-31* 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. A l l but two of the 
agencies using the passing-and-retained method of specifying the mineral aggregate 
base the gradation limits on the total mixture. Al l other agencies base the percentage 
limits on the total aggregate. 

Two agencies base their specifications on sieves with round openings for sizes of 
y 4 - i n . and greater. A l l of the other agencies use sieves with square openings. The 
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requirements of the two agencies using the round openings were converted to square 
openings on the bas is of the following table which was found in the New J e r s e y spec i 
fications: 

Conversion f rom Round to Square Openings 

Round Openings i% in. 3 in. 2% in. 1/4 m. % in. % in. % m. 10 30 200 

Square Openings 3 in. 2% in. 1% in. 1 in. % in. % in. No. 4 10 30 200 

Following the conversion of a l l gradation specification l imits to a common bas is , 
the l imits of each agency were plotted on semilogarithmic paper to form the fami l iar 
gradation envelope. The envelopes were formed by connecting the plotted points with 
straight l ines. In instances where agencies did not specify a maximum s i ze , the low
e r line of the envelope was extended to the 100-percent point on the next commonly-
used sieve above that which i s specif ied by the agency. In a few instances where a 
100-percent-passing figure was l isted, followed by specified l imits on a much s m a l l e r 
s ieve, an unreal is t ical ly 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-
l imit point for the f i r s t sieve l isted below the top-size sieve. In these few cases this 
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portion of the envelope was determined by arb i trar i ly drawing the line to the 100-per
cent point on a sieve one or two s i ze s s m a l l e r than the maximum specified. 

After a l l envelopes had been plotted, the percentage values were determined for a l l 
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Figure 8. General acceptability with respect to gradation of total 
aggregate for surface-course mixtures. 
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of the points at which the straight l ines intersected the ver t i ca l l ines of the semiloga-
rithmic chart representing the more commonly used s ieves . The tabulation of these 
values for binder-course mixtures i s shown in Table 5-b, and for surface-course mix
tures in Table 6-b. 

Binder Course . F r o m the values given in Table 5-b, the frequency of acceptance 
of the var ious percentage values pass ing each of the selected s ieves was determined 
and plotted for a l l agencies. The frequency-of-acceptance curves for a l l agencies 
were then drawn as shown in F igure 5. I t w i l l be noted f r o m these frequency-of -ac
ceptance curves that, although the complete range of percentage l imi t s for any one 

TABLE 7-8-a 

SPECIFIED TOLERANCES FROM JOB-MIX FORMULAS 

Sieve Size 
or 

Number 

Number 
of w 

Agencies -' 

Average of 
Reported Tolerance 
Figures- ^ ( i ) 

Number of Agencies 
Withmt One Percentage 

Point of Average 

Range of 
Tolerances Reported 

* ( i ) 
Binder-Course Mixtures 

3/1^.. 26 6 18 3-10 

1 /2" 29 6 2 1 3-10 

3 / 8 " 27 6 13 3-12 

No. h 36 5 23 2-10 

No. 10 29 k 23 2-10 

No. 20 12 k 12 3-5 

No. ho 22 h 18 2-10 

No. Bo 17 3 13 2-5 

No. 200 3 1 2 26 0 .5-it 
Asphalt 38 O.k 3k ^ 0 . 2 - 1 . 0 

Surface Course Mixtures 

1/2" 27 6 18 2-10 

3 / 8 " 3h 6 23 2-10 

No. 1̂  37 5 29 2-10 

No. 10 36 k 3 1 2-10 

No. 20 26 k 2h 2-5 

No. ItO 32 k 27 2 -8 

No. 80 29 3 25 2 -5 

No. 200 kl 2 3̂ ^ 0 . 5 - 5 

Asphalt 39 o.h 33 0 . 2 - 1 . 0 

1 / Total of kz agencies reporting 

2/ Within t 0 . 1 percentage point of average 
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sieve i s relatively great, there i s s t i l l a definite tendency toward concentration of a c 
ceptance within a relatively narrow range. T h i s i s further demonstrated in Figure 6 
where a r e shown various concentrations of agencies with respect to acceptance of p e r 
centages of minera l aggregate passing the entire range of s ieves . The method of de
veloping these envelopes i s the same as that previously described for the development 
of the envelopes for fine aggregate. 

It i s generally accepted that, for optimum performance, the grading of a minera l 
aggregate f rom coarse to fine must v a r y somewhat in relation to the maximum s ize of 
aggregate. The pract ices of the E^encies grouped according to top-size of aggregate 
for the more frequently used top s i zes were examined in a manner s i m i l a r to that 
previously described for the agencies as a whole. F o r binder-course aggregates, the 
most frequently used top s i ze s (based on 90 percent of mater ia l passing, as shown in 
Table 5-b), are the 1-in. and y*-in. top s i zes . The resul ts of this examination are a l 
so shown in F i g u r e s 5 and 6. It w i l l be noted f r o m the f igures that grouping of the 
agencies by top s i ze s of aggregate produced a greater degree of concentration with r e 
spect to acceptance of percentages of mater ia l pass ing a l l s ieves . 

Surface Course . Surface-course-aggregate gradation l imits were examined in the 
same manner as were the binder-course-aggregate l imits . The resul ts of the plottings 
are shown in F i g u r e s 7 and 8. It wi l l be seen f r o m these f igures that s i m i l a r resul ts 
were obtained. 

Asphalt Content. F o r t y - s i x of the 50 reporting agencies indicate that maximum and 
minimum asphalt contents are specified for binder-course mixtures . A l l but f ive of 
the agencies use the total mixture as a bas is for specifying asphalt content. The r e 
maining f ive specify asphalt content as a percentage of the total aggregate. 

F o r the agencies reporting (converting the l imits for the agencies using the total-
aggregate basis to a total-mixture bas i s ) , the specif ied percentages range f rom a low 
of 2. 9 percent to a high of 8.0 percent f o r binder-course mixtures, and from a low of 
2. 9 percent to a high of 10 percent for surface-course mixtures. F r e q u e n c y - d i s t r i 
bution curves for acceptance of various asphalt contents are shown in Figure 9(a) for 
binder course mater ia l s , and in Figure 9(b) for surface-course mater ia ls . Average 
values for the lower and upper l imits for asphalt content of binder-course mixtures 
are 4 .1 percent and 6. 4 percent respectively, and average values for the lower and 
upper l imits for sur face -course mixtures are 5.0 percent and 7. 5 percent respectively. 

Job-Mix F o r m u l a 

In addition to the controls previously ^ 
discussed, most agencies require that a 
single combination of aggregate and a s -
phaltic mater ia l , known as the "Job-Mix 
F o r m u l a , " be determined for each project. 
The job-mix formula must of course be 
within the l imits of the specifications. 
Smal l tolerances f rom the job-mix f o r 
mula are specified. The job-mix f o r m u 
l a i s usually determined from t r i a l mixes 
or f rom previous experience with the ag
gregates at hand. 

Forty-two agencies indicate the use of 
job-mix formulas and specified tolerances 
therefrom for binder-course mixtures , 
and the same number also for sur face -
course mixtures. Summary information 
concerning tolerances for the more com
monly used s ieves , and for asphalt con
tent IS presented in Table 7-8-a. It wi l l 
be noted that pract ice i s reasonably con
sistent. 

USAGE OF acABZLTIY TE9FS IH DESmnnx: 
BrtUHIiKUS-COiXSiBIE inXtURSb 

S t a b i l i t y T e s t 
IlUabei 

o f 
ARencies 

Icests Uaed i n A d U t i o n 
t o Those L i s t e d i n 

F i r s t Column 

Hiuiber 
o f 

Agencies 

M a r s h a l l dO H u a b o r d - F l e l d 
Hvecm 
T r i B X i e l CoBQ>re88ioo 

3 
1 
1 

Uveem Id M a r s h B l l 1 

H u b b a r d - F l e l d 11 H o r s h a l l 
Lmers lon -Cosp res s i o n 

3 
1 

Uncen f ined Coognresalon Dnmersion-Coiqpression 
ood V i b r a t i n g T e i i l e 

1 

T r i a x i a l C a ^ a s E i o n d H s r s h B l l 1 

mmcTB ion-C CBipr es s l o n d K u b b a r d - f i e l d 
U n c o n f l n e d C o a p r e s B i m and 

V i o r a t i n K Tab le 

1 

1 

V i b r a t i n e Tab le Unconf i n e d Compression and 
l a n c r s i m - C a n p r es b i o n 

1 

D i r e c t C o o q ^ a s i o n 1 

P r a c t i c a l cxpar ience 
no apec i fLC t e s t 5 

T o t a l o f 1(S agencies r e p o r t i n g 
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u m m B aiAsmiY lesi PIOORES USED I K TBB DESEH ms cnmoL 
OF BnUHmoub CONCSEIE HDCTUBES 

(For Teste RocelYlng H a j o r Usaiie) 

—mss—fs— 
o f Madlum o f 

AgeocieB T r a f f i c Agencle T r a f f i c 

S t a b i l i t y , I b a 
M a r a t H Method V 

5 sau 
^ 60O4-

Agenc le t 

F l o v , 0 0 1 I n 

Dena l ty , p o t o f 
t h e o r e t i c a l ^ 3 / 

500» 
lOOOi-
1000 t o 

1500 1 10004- 3 
1500t 1 1.M0+ 1 

1 ^ 1 Id-dO 1 
1 5 - 1 
16- 3 
« - li 
e-is 1 

1 0 - 15 1 
1 1 - 18 1 
1^-dO 1 

90 E 1 
92- 96 B 1 
96B 1 
91.-96 B 1 
9 -̂96 B 1 
95-97 B 3 
93- 97 A 1 
94- 96 A 1 
94-97 E 1 
9k-98 E 1 
94-97 V 1 

V o i l e F l U e a i c l t h 65-85 E 1 
A e p h a l t , i c r c e n t i/ 75-85 B 1 

75-85 B i 
93-97 A 1 

^ h l l - e t e r v a l u e , 3 ^ B t y i l c e ^ t e r Method V 

& 1 
35-50 S 

Coheelaoeter va lue 
D M i B l t y , p e t . o f 
t h e o r e t i c a l i / ^ 

S t e h l l l t y , I b o 

504. 1 
94-98 1 
9StB 1 
94-98 A ,B 1 

H a b b a r t - F l e l d Method 1/ 
1500 1 EOO " 1 
30004- 1 1500 1 

3000 t o 
4500 1 

aooo 
i50O 
30OO 

M I X T U R E D E S I G N 

Stability T e s t s 

Most of the reporting agencies use at 
least one of the spec ia l tests that are 
available as guides in designing for s ta 
bility in bituminous-concrete mixtures. 
Of 49 agencies reporting, only f ive indi
cate that no method other than t r i a l and 
e r r o r i s used in at least the pre l iminary 
determination of proper mixture compo
sition with respect to stability. T h e u s 
age of the various stability tests i s s u m 
mar ized in Table 9-a. I t w i l l be noted 
that the most popular stability tests are 
the M a r s h a l l (20 agencies), the Hveem 
(12 agencies), and the Hubbard-Fie ld (11 
agencies). 

Stability T e s t F i g u r e s 

The ranges in test f igures that are 
considered by the reporting agencies to 
be indicative of satisfactory mixtures 
are shown in Tab le 3-b for the tests r e 
ceiving major usage. The ranges are 
l isted without regard to the c h a r a c t e r i s 
t ics of the aggregates and bituminous m a 
ter ia l s contained in the mixtures to which 
they have been applied. They must there
fore not be considered to have universa l 
application. 

Specifications B a s e d on Stability T e s t s 

E l e v e n of the reporting agencies state that they include in their specifications r e 
quirements that are based on stability tests. Nine of these state that their specif ied 
values are based on standard tests and test procedures. The l imiting f igures specified 
by these nine agencies are tabulated in Table 9-c . It w i l l be seen f r o m the table that 
these part icular specifications are f a r from standardized, with no two agencies spec i 
fying identical groups of l imiting f igures . 

Specif ic Gravity in Mixture Design 

E3q>erience has shown that bituminous-concrete mixtures per form best at a r e l a 
tively narrow range of densities below a given voidless maximum. The maximum 
density to which compacted mixtures a r e usually referenced i s a theoretical voidless 
density calculated through the use of specif ic gravity f igures for the individual consti
tuents of the mixture. 

If aggregate absorbed no asphalt, or if the voids within the aggregate part ic les be
came completely f i l l ed with asphalt, the choice of speci f ic-gravity f igures for use in 
theoretical calculations would be a simple matter. However, it i s most common for 
the voids in the aggregate part ic les to become part ial ly f i l l ed with asphalt. There fore , 
the speci f ic-gravity f igures that are used for the aggregates a r e frequently a compro
mise , although some effort has been directed toward the determination of spec i f i c -
gravit ies that more accurately represent actual conditions. Usage among the report
ing agencies with regard to specif ic gravit ies assumed for aggregates in theoret ical-
density calculations i s shown on the following page. 

D e n e i t y , p o t o f 94-97 A,B 
t h e o r e t i c a l 2/3/ 95.98 s 

90 B 

F l f u r e e a re n o t Inc luded f o r agencies l o d l c a t i n g m o d i f i e d t e s t i n g methods 
S l « c i f i c g r a v i t i e s used I n d e t e r m i n i n g t h e o r e t i c a l d e n s i t i e s end v o i d con ten t s 

B B Bullc V - "Vacuum sa tu ra ted" 
A - Apparent S - BuUc, su r f ace d r y baa i s 
E - " E f f e c t i v e " 

For agencies r e p o r t i s g v o i d s I j j n l t a t l o n s r a t h e r than d e n s i t y l i m i t a t i o n s , t he 
comSlementsry d e n s i t y l i m i t a t i o n s have been t a b u l a t e d t o r a c l u t a t e c d v a r l s o o 
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Specif ic Gravi ty 

Bulk (ASTM) 
Apparent (ASTM) 
Bulk and Apparent 
Bulk , Surface Dry B a s i s 

(ASTM) 
"Effect ive" 
"Vacuum Saturated" 

Number of Agencies 

19 
14 

5 

C O N S T R U C T I O N R E Q U I R E M E N T S 

A s mentioned previously , the question
naires were for the most part designed to 
obtain information on items where some 
choice was likely to be involved insofar 
as the preparation of the construction 
specifications for the AASHO T e s t Road 
was concerned. Questions were usually 
not asked about detailed specification r e 

quirements and pract ices which were recognized as intr ins ic in the control of bitumi
nous-concrete construction and as being common to a l l agencies pract ic ing 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. T h i s should be borne in mind by anyone making use of the 
information which i s herein presented. 

T A B L E 9-c 

LIMITING STABILITY TEST FIGUfffiS USED W 
BITUMINOUS-CONCRETE SPECIFICATIONS 

(For Agencies Using Standard Test Procedures) 

S t a b i l i t y Test S t a b i l i t y 
Figures 

Specified LimitinR Test Figures 
FlS^J Density 1 / 2 / 

( 0 . 0 1 in.) (pet, theoretical) 

Marshal 1 (La.) 1000+ 
(S.C.) 600+ med. t r a f f i c ; (S.C.) 

2000+ heavy " 

Hveem (oma.) 35+ 
(Cal.) 35+ 
(Me.) 35-50 

Hubbard-Fleld (Mo.) 3000+ 
(Mont.) -( F l a . ) 1200 med. t r a f f i c ; ( F l a . ) 

3000 heavy " 

(Va.) 1500 med. t r a f f i c ; 

8-18 

2000 heavy 

9 2 - 9 6 B 

911-98 A,B 

9^^-97 A , B 
9 5 - 9 8 S 

9 5 - 9 8 (Asphalt 
I n s t i t u t e )B 

90 B 

1 / For agencies reporting voids limitations rather than density limitations, 

the complementary density limitations have been tabiaated to f a c i l i t a t e 

canparlson. 

2 / Specific gravities used i n determining theoretical density: 

A = Apparent 

B = Bulk 

S = Btilk, surface dry basis 
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SISCIFJED TBQBWnJBES FCB BSATIK 
AHD ntYIHB HIIISUU. iUXiRBSATES 

a> Agencies g r o t p e d a c c o r d i i m 1 > s p e c i f i e d tempera ture ranne 
munbar S p e c i f i e d Nu ibe r 

Tesiperature I taoge o f Agencies Temperature RanRe o f Agencies 
OF. " F . 

225-275 1 300-350 1 
2«i5-300 1 300-375 2 
<!25-325 2 1/ 300-365 1 
225-350 2 ( 1 - B F 3 0 0 - l K » 1 
250-300 1 300 nax 1 
250-320 1 325 OBX. 9 
250-325 5 350 max 2 
2 5 0 - 3 ^ 1 375 max. 1 
250-350 3(1-B) ItOO max (1-B) 
250-375 2 kZ5 max 
250-ltOO 2 V a r i e s 1 
275-325 1 Hot s p e c i f i e d 1 
275-335 1 Not r e p o r t e d 2 
275-350 2 
275-375 (2-S) T o t a l agencies 50 

D Agencies grouped a c c o r d i n g t o s p e c i f i e d upper tentperature l i m i t 

s p u m e d » ^ e . 
o f AgencieB o f / t e m c l e . 

225 
250 
275 
300 

I. (2-S) 
5 

30O 
325 
350 

3S 
o t h e r 

3 
17 
10 2-B 

5 2-S 
3 1-B 
5 1-s 

P R E P A R A T I O N O F M A T E R I A L S 

Minera l Aggregates 

Storage. For ty - four of the reporting 
agencies state that their specifications 
require that when different s i ze s of ag
gregate are furnished separately for b i 
tuminous-concrete mixtures , each s ize 
that i s furnished i s to be maintained in a 
separate stockpile. The s ix remaining 
agencies have no such requirement, p r e 
sumably because aggregates are not f u r 
nished in separate s ize fractions. 

Twenty-seven agencies report spec i 
fication statements requiring a general 
absence of segregation, degradation and 
intermixing of mater ia l s . E l e v e n agen- | 
c ies report having no such statement, 
and 12 agencies did not report. 

Only 13 agencies report having spec i 
fication requirements covering the con
struction of stockpiles. F o u r require 
that stockpiles be constructed m l i f ts 3 ft 
or l e s s in thickness, 4 others require 
that l i fts be 4 ft or l e s s in thickness, one 
requires that the l ifts be 5 ft or l e s s , 
and 4 require only that the stockpiles be 
constructed in l i fts . 

Heating and Drying. F o r t y - s i x agen
c ies reported on temperatures specified 
for the heating of the aggregate. One 
agency reports only that i ts requirements 
vary with conditions, one agency reports 
having no specification requirement, and 
two agencies did not report. Thirty-two 
specify temperature ranges, and 14 spec
ify maximum limitations only. Reference 
to P a r t a of Table 10-a w i l l show that there 
i s considerable variation in the tempera
ture ranges or maximum limiting tem
peratures that are specif ied for aggregate. 
Twenty-f ive different ranges or maximum 
limitations are reported. The greatest 
number of agencies specifying any one 
range i s f ive; these specifying a range of 
250 F to 325 F . The greatest number of -
agencies specifying the same maximum limitation i s nine; these specifying a limitation 
of 325 F . 

Considering specif ied maximum and minimum limitations rather than ranges, p r a c 
tice appears more consistent. A s w i l l be seen from P a r t b of Table 10-a, only four 
different minimum l imits are specified. A minimum of 250 F , specif ied by 15 agen
c ies , IS used most frequently. T h e r e w i l l be seen to be a somewhat greater diversity 
of pract ice in maximum l imits specified, although 17 agencies specify a 325 F max i 
mum and 10 specify a 350 F maximum. 

T h r e e agencies have differing temperature requirements for binder-course and 
surface-course mixtures, as wi l l 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 minera l aggregate at 

Three a d d i t i o n a l agencies r e p o r t s p e c i f y i n g d i f f e r e n t t empera ture ranges 

f o r h i n d e r - c o u r s e and su r f ace -cou r se eggregates 1 

parentheses i n d i c a t e t h e nuiiber o f agenc ies , t h e l e t t e r • 

t i n d e r - c o u r s e aggrega te , t h e l e t t e r " 3 " i n d i c a t e s su r f ace -cou r se aggregate 

TABLE 10-1> 

SFSCiFim umiiiTiaiis on mann OF Moiatoiffi TO BB 
ctmAusm z n H n g s u u . AGGREGATE AT TIHB OF HECIBG 

JlSSSi— 
o f A g e n c i e s 

P e r c e n t o f 
d r y w e i g h t 

s ; p e c i f i e d 1 
M o i a t u r e C o n t e n t 

0.0 1 

0 s 
1 

0.5 2 

1.0 9 

1.25 1 

i.O 1 

" D r y " 6 

" T r a c e " 1 

"No f o a m i n g " 3 

N o t s p e c i f i e d 20 

N o t r e p o r t e d 3 

T o t a l a g e n c i e s 50 
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the time of mixing. A s w i l l be seen from Table 10-b, percentage limitations that were 
reported vary f rom 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 w i l l be "no foaming." Twenty agencies report having 
no specification requirement covering moisture retention. 

Asphalt Cement 

Eighteen different temperature specifications for heating asphalt cement were r e 
ported by forty-three agencies. T h i r t y - s e v e n of these agencies specify a range of 
temperature to within which the asphalt must be heated, f ive specify a maximum l i m i 
tation only, and one specif ies a minimum limitation only. P r a c t i c e concerning the 
specif ied limitations i s summarized in Table 10-c . It w i l l be seen f r o m P a r t a of 
Table 10-c that the greatest number of agencies specifying any single range i s the ten 
that specify a range of 250 F to 350 F . No more than seven specify any other range, 
or single maximum or minimum limitation. 

F r o m P a r t b of Table 10-c it w i l l be seen that when maximum and minimum l imi ta 
tions a r e considered rather than ranges, only f ive different f igures were reported for 
each. Of these, a 250 F limitation i s specif ied as a minimum most frequently (21 
agencies), and 350 F limitation i s specif ied as a maximum most frequently (15 agencies). 

P R E P A R A T I O N O F M I X T U R E S 

Batch-Type Mixing P lants 

Mixing Per iod 

Data regarding required mixing periods for batch-type m i x e r s are summarized in 
Table 10-d. 

Twenty-s ix agencies report that a minimum number of seconds of dry mixing are 
required. The specif ied minimums range f rom 5 to 20 seconds, with 19 agencies 
specifying a 15-second minimum dry -mix period. One additional agency specif ies a 
minimum d r y - m i x period of 15 seconds for surface -course mixtures and 5 seconds for 
binder-course mixtures . Twelve agencies require only that mixing of the dry mater ia l 
shal l be "thorough." 

F o r t y - s e v e n agencies reported on specif ied minimum wet-mix periods. Specified 
minimums range f rom 20 to 55 seconds. Twenty-one agencies specify a minimum of 
30 seconds, and 19 specify a minimum of 45 seconds. One other agency specif ies a 
minimum wet-mix period of 45 seconds for surface-course mixtures and a minimum 

of 35 seconds for binder-course mixtures. 
Msut io .e Forty-one agencies report that a m i n 

imum total-mix period i s specif ied in 
seconds. The minimum periods that are 
specif ied range from 30 seconds to 90 
seconds. Thirteen specify a minimum 
total-mix period of 45 seconds, and 10 
specify a minimum period of 60 seconds. 
One additional agency specif ies a minimum 
total-mix period of 60 seconds for sur face -
course mixtures and 45 seconds for binder-
course mixtures. Another agency spec i 
f i e s 45 seconds for sur face -course m i x 
tures and 35 seconds for binder-course 
mixtures. 

SRCIFIED THFSUUURES FOR EEATZHC tSSSUJC CEHSHI 

a. AKSQcleB KTOuped aeconl l i iR t o s p e c i r i e l t en se r a tu r e n inae 
S p e c i f i e d g p e e i / W i ru iAer 

T o n w r a t u r e Range o f Aiiencles Tcnpera ture Range o f Agencies 
E ± S , ^ 

180-350 1 ^50-300 i 
200-300 L 250-325 7 
200-325 1 250-3>iO 1 
2OO-I1OO 1 250-350 10 
225-275 1 250-1(00 1 
225-300 3 855-295 1 
225-3^5 2 275 n l n * 1 225-3^5 

275 not 1 
275-325 1 
275-350 l l 
300 B « u 
V a n e s 1 
Hot s p e c i f i e d 2 
Not r e p o r t e d 1| 

T o t a l oeenclea 50 

b Aeencie 
ai3d 

1 gnx i^P^ acco rd lns t o s p e d r l e d upper t ea^e ra tu re ivan 
BccordiOK t o s p e c i f i e d I c m r t e v e r s t u r e H a l t . 

Specified number S p e c i f i e d Hiadier 
IiOver U n i t o f Agenelea Upper L l B l t o f Ageocies 

OF. 

ISO 1 ^ 5 2 
200 3 300 IX) 
225 6 325 U 
250 2 1 350 15 
^ 5 6 llOO 2 

Continuous-Type Mixing Plants 

Mixing P e r i o d 

Specified minimum mixing periods for 
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TABLE 1 0 - d 

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

Dry Mix Wet Mix 
S p e c i f i e d Number S p e c i f i e d Number 

Minionam of Minimum of 
Mixing Period Agencies Mixing Period Agencies 

T o t a l Mix 
S p e c i f i e d Nuniber 

Minimum of 
Mixing Period Agencies 

seconds 

5 

10 

15 

20 

2 ( 1 - B ) i / 

3 

1 9 ( 1 - S ) 

1 

"Thorough" 1 2 

Not s p e c i f i e d k 

Not reported 8 

T o t a l agencies 50 

seconds 

2 0 

25 

30 

35 

l40 

45 

50 

55 

Not reported 

1 

2 

2 1 

(2 -B)-

1 

1 9 ( 1-S) 

( l - S ) 

1 

3 

seconds 

30 

35 

itO 

50 

60 

70 

90 

l f ( l - B ) i / 

5 

1 

13(1-B, l - S ) 

1 

1 0 ( l - S ) 

1 

1 

T o t a l agencies ^0 "Thorough" 1 

Not s p e c i f i e d 3 

Not reported 5 

T o t a l agencies ^0 

l / Two agencies report spec i fy ing d i f f e r e n t mixing periods for binder-course 

and surface-course mixttires. The numerals w i t h i n parentheses ind ica te 

the number of agencies; the l e t t e r "B" Ind ica tes binder-course mixture; 

the l e t t e r "S" ind ica te s surface-course mixture. 

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

Mixing period (sec) = Pugmil l dead capacity (lb) 

PugmiU output ( lb /sec) 

Reported specif ied minimum periods vary f rom 30 seconds to 60 seconds. A s w i l l be 
seen from Table 10-e, there i s no great concentration of agencies specifying any s i n 
gle minimum mixing period. Six 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 specif ies 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 minimum mix
ing period for continuous mixing, four agencies reported that no minimum period is 
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SKCIFIED MIBIHJH HIXIHG FStlODS FOR HDCEORES 
HiEBUIED I E COEIIHtJOUS-TYK H n i m I U H T S 

S p e c i f l s d H l n l m m i , , 
M i x i n g r e n o d U 

35 

40 

50 

60 

6(l-s) 

Kot reported 

Rot specified 

Type not permitted 

specified, and four agencies do not p e r 
mit the use of a continuous-type mixer. 

Both Types of Mixing Plant 

Mixture Temperature at Discharge 

A l l but 4 of the 50 reporting agencies 
have specifications covering temperatures 
for mater ia l at discharge from the mixer. 
Thir ty - seven of these specify minimum 
and maximum temperatures between 
which the temperature of the mater ia l 
must range. Nine specify only a max i 
mum temperature which i s not to be ex
ceeded. A s wi l l be seen from P a r t a of 
Table 10-f, pract ice i s quite var i ed as to 
specif ied ranges. The only single range 
that i s specif ied by more than 3 agencies 
i s the 250 F - 350 F range that i s spec i -
f ied by 6 agencies. Grouping of J^encies 
by minimum and maximum temperatures 

specified produces l e s s variation. A s w i l l be seen from P a r t b of Table 10-f, four 
minimum temperatures are principal ly specified. Among these, a 250 F minimum i s 
specif ied by 16 agencies (one agency for gravel aggregate only), and a 225 F minimum 
by 9 agencies. A l so f rom P a r t b of the table, it w i l l be seen that 5 maximum temper
atures are principal ly specified. Fourteen agencies specify a maximum temperature 
of 325 F , one of which specif ies this temperature only when stone i s used. One addi
tional agency specif ies this maximum temperature for binder-course mater ia l only, 
and specif ies a maximum of 350 F for surface-course materia l . E l e v e n other agen
cies specify a maximum temperature of 350 F . 

y Calculatt^ by formula Seconds 
pugnill Dead Capacity (lb ) 
FutgiiU- axcsLit (Ib./see.) 

one additional agency reports specifying different mlilng periods far 

binder-course sad surface-course mixtures. The letter "B" Indicates 

binder-course mixture, the letter»S" inaioates surface-course mixture. 

P L A C I N G M I X T U R E S 

A i r Temperature 

F o r t y - s i x of the agencies reported on 
a i r temperatures that are specif ied as 
minimums for the placing of bituminous-
concrete mixtures. T h r e e agencies r e 
ported that they do not specify a minimum 
a i r temperature at which mixtures are to 
be placed, and one agency made no report. 

A s w i l l be seen from Table 10-g, min
imum temperatures specified for placing 
vary f rom 32 F to 60 F . The single agen
cy specifying the 32 F minimum qualifies 
this by stating that the temperature must 
be r is ing. If the temperature i s fall ing, 
this agency specif ies a minimum of 38 F . 
Only one other agency specif ies one min
imum for use when the temperature is 
r i s ing and another for use when the tem
perature IS fall ing. A total of 28 agencies 
specify a minimum a i r temperature of 40 
F , and another specif ies 40 F when the 
temperature i s fall ing. Six agencies 
specify 35 F as a minimum, and one 
specif ies 35 F when the temperature is 
r is ing. Six others specify a minimum 

S B C J F U D TMPEBAIUREb FOB MKTURE AT DISCBAROE lEOH MEIHI 

R AggK le& tcrcupMl aocordiiw to specified tasperatur 
Specified 

Teage^ture Bange 
•" nn^er Specified 

of AKencieB Temperature Bsafte 
op 

KvBDber 
of ARsncies 

300-300 
aoo-350 
225 mln 
225-Z75 
225-300 
225-325 
225-350 
235-275 
250-275 
250-280 
250-300 
250-325 
250-340 
250-350 
255-295 
260-375 

Kl -grave lP 

3(l-stone)i/ 
1 
6 

265-325 
275-325 
275-350 
280-375 
300-350 
300 max 
310 max 
325 max 
350 max 
375 max 
not specified 

Sd-B)^ 
(1-S) 

Agencies grouped according to specillad upper temperature limit 
and accord^ to specified ^o4wr temperature limit 

Specified 
Lover Limit Upper Limit 

200 
225 
250 
275 
other 

2(l-gravel)i' 

15(l-stone)i/ 

275 
300 
Ji5 
350 
375 
other 

l l W - f t o n e i ^ / 
11(1-S) 

3 
If 

range for nlxtures 
gravel The m n e r a l B 

one additional agency reports specifying one 
containing stone, and Hnother for mixtures coal 
wltbxn parenUieses indicate ' -^ madier ~ 

One additional agency reports specifying different teqierature ranges for 
binder-course and surface-course ntxtures The numeral vitbui parentheses 
Indicates the number of agencies, the letter "B" Indicates binder-course 

, the letter "S" Indicates surface-course mixture 
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TABLE 10-g 

S I K I F I E D H J H S I H AIR TBMFBtAIURES AT 
WHICH HIXIURES HUT BE FUCED 

S p e c i f i e d 
Hlnimun 

A i r T ^ p e r a t u i Agencies 

35 

36 

38 

Not s p e c i f i e d 

n o t r e p o r t e d 

T o t a l agencies 

( l - r i s m a ) ^ 

6 ( l - r L s l n g ) 

1 

( l - f a U i n g ) 

< i 8 { l - f a U i n g ) 

50 

1/ Two a d d i t i o n a l agencies r e p o r t ^ c i i y l n g two a l n u n m a i r tei^peratures f o r 

p l a c i n g m i x t u r e s , one ndnintsD temperature when the teiiQierature i a r i s i n g 

L w i t h i n parentheses and another when the temperature i s f a l l i n g The numeral i 

I n d i c a t e s t h e o f agencies 

a i r temperature of 50 F for placing. 

Mixture Temperature at Plac ing 

Forty- three agencies reported on 
specifications for mixture temperature 
at the time of placing. T h i r t y - s i x of 
these specify maximum and minimum 
temperatures within which the tempera
ture of the mixture must range. Includ
ed are three agencies that specify differ
ing l imits for binder-course and surface -
course mater ia l , and one agency that 
specif ies one set of l imits for gravel ag
gregate and another set for stone aggre-
a;ate. T h r e e agencies specify only min i 
mum l imi t s , and three others specify 
only maximum l imits . F i v e agencies r e 
port no specification, and two agencies 
did not report. 

A s was true for the specifications con
cerning mixture temperatures at discharge, few agencies specify any single specif ic 
range (see Table 10-h, P a r t a). The greatest number of agencies specifying any s i n 
gle range i s the four that specify the 225 F to 325 F range. Two additional agencies 
specify this range for binder-course mixtures only. 

A s was also true for specified temperatures at discharge, grouping of agencies by 
specif ied minimum and maximum temperatures produced l e s s variation. A s w i l l be 
seen f rom P a r t b of Table 10-h, four minimum temperatures and five maximum tem
peratures are principal ly specified. A 225 F minimum i s specif ied by 14 agencies 
and a 250 F minimum by 12 agencies. In addition, two agencies specify the 225 F 
minimum for binder-course mixtures , and one specif ies this minimum for use only 
with stone aggregate. A l s o , one agency specif ies 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. 
T h r e e additional agencies specify the 325 F maximum for binder-course mixtures 
alone, and one additional agency specif ies the 300 F maximum when crushed-stone ag
gregate i s used. 

Daily Tolerance m Temperature 

Specifications controlling the maximum daily variat ions 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 i s summarized in 
Table 10- i . It w i l l be seen f rom the table that specif ied tolerances ranged from ± 10 
F to ± 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 specif ied 
by 20 of the reporting agencies. E l e v e n 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 a l l , of those reporting that a 
speed i s not specif ied 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 i s not to be exceed
ed. One of these 8 specif ies one maximum speed for binder-course mixtures and an
other for surface-course mixtures. A s w i l l be seen f rom Table 10- j , no single range, 
or maximum value when only a maximum speed i s specified, i s specif ied by a large 
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TABLE 1 0 - h 

SPECIFIED TEMPEEIAIURES FOR MIXTUBE AT PLACING 

grouped according to s p e c i f i e d temperatvire range 
S p e c i f i e d " 

Agencies 
S p e c i f i e d 

Temperature Range 
Number 

of Agencies Temperature Range 
Number 

of Agencies 

1 7 5 - 2 7 5 
2 0 0 - 3 0 0 
2 0 0 - 3 5 0 
2 2 5 D i n . 
2 2 5 - 2 5 5 
2 2 5 - 2 7 5 
2 2 5 - 3 0 0 
2 2 5 - 3 2 5 
2 2 5 - 3 5 0 
240 min. 
2 5 0 min. 
2 5 0 - 2 7 5 
2 5 0 - 3 0 0 
2 5 0 - 3 2 5 
250-31*0 

( 1 

2 
1 
1 
1 
2 
3 ( 1 

-gravel) 

• s t o n e ) 
1*(2-B)27 
3 

1 

1 

1 

3 ( 1 - B ) 

2 5 0 - 3 5 0 
2 5 0 - 3 7 5 
2 5 5 - 3 0 5 
2 6 5 - 3 2 5 
275 max. 
2 7 5 - 3 2 5 
2 8 0 - 3 7 5 
300 max. 
325 max. 
Not s p e c i f i e d 
Not reported 

2 ( 3 - S ) 
1 

1 

1 

1 

3 
1 

1 

1 

5 
2 

S p e c i f i e d 
Lower L i m i t 

!3F 

b . Agencies grouped according to s p e c i f i e d upper temperature l i m i T 
and according to s p e c i f i e d lower temperature l i m i t 

Number 
of Agencies 

S p e c i f i e d 
Upper L i m i t 

Number 
of Agencies 

2 0 0 
225 
2 5 0 
275 
Other 

B t o n e ) ^ ( 2 - B ) ^ 
3 

mi 
1 2 ( 1 - B ) ( 3 - S ) 

3 

k 

275 
300 
325 
350 
375 
other 

9 ( l - s t Q n e ) 
1 2 ( 3 - B ) 

6 ( 3 - S ) 
2 

_ J 

1/ One agency reports specifying d i f f e r e n t temperature ranges f o r stone and 
grave l i n the bituminous mixture. The numerals w i th in parentheses ind ica te 
the number of agencies; "stone" and "gravel" ind ica te s the aggregate used. 

2 / Three agencies report spec i fy ing d i f f e r e n t p l a c i n g temperature ranges f o r 
binder-course and surface-course mixtures . The numeral w i th in parentheses 
I n d i c a t e s the number of agencies; the l e t t e r "B" i n d i c a t e s binder-course 
mixtures; the l e t t e r "S" ind ica te s surface-course mixtures . 

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

L i f t Thickness 

Information concerning lift thicknesses that are specified and l i ft thicknesses that 
are normally placed was obtained f rom the questionnaires and i s summarized in Table 
10-k. Th ir ty agencies report that a maximum lift thickness i s specif ied for the binder 
course , and 35 agencies report that a maximum thickness i s specif ied for the surface 
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M B I B 10-1 

S I B C I F I E D MAXIMUM DAILY TOLERAMCES FROM 
ESTABLISHED T a O f f l A I U S E FOR MIXTURE AT HACDIO 

s p e c i r i e a D a i l y 
Tenperature Toleraoee 

Itanber 
of iteeneies 

15 

25 

30 

Not s p e c i f i e d 

Not reported 

T o t a l agencies 

17 

13 

50 

course. One agency controls thickness by 
specifying a maximum lb per sq yd of m a 
ter ia l that may be placed. Specified max
imum thicknesses for binder courses 
range between 1 in. and 3 m. Twelve 
agencies specify 2 i n . , 8 agencies specify 
3 in>, and 6 agencies specify 1% in. 
Specified maximum thicknesses for s u r 
face courses range between 1 in. and 3% 
in. Fourteen agencies specify 2 in. , 9 
agencies specify 1 % in. and 4 agencies 
specify 1 in. 

L i f t thickness of binder courses nor
mally placed was reported by 34 agencies, 
and for surface courses by 39 agencies. 
Normal ly-placed thicknesses of binder 
course range between 1 in. and 3 in. , with 
more agencies placing i y 2 - i n . courses (15), 

and 2- in. courses (6), than any other thickiiesses. Normal ly-placed thicknesses of 
surface course range between 1 in. and 2% i n . , with more agencies placing i y 2 - i n . 
courses (14), and 1-in. courses (8), than any other thicknesses. 

Roll ing Requirements 

Type and Number of R o l l e r s . Data regarding the type and number of r o l l e r s that 
are required are summar ized in Table 10-1 and Table 10-m. In Table 10-1 are s u m 
marized requirements for ro l l er type. Tandem, three-wheel , and pneumatic r o l l e r s 
are a l l used to some extent. Of 49 agencies reporting that they specify the type of 
ro l l er to be used, 16 specify that either tandem or three-wheel r o l l e r s may be used, 
another 16 specify that a minimum of one tandem ro l l er and one three-wheel ro l l er i s 
to be used, and 11 specify that tandem r o l l e r s alone may be used. Other combinations 
of the three types of r o l l e r s are used much l e s s extensively. Only s ix agencies permit 
a pneumatic ro l l er to be used. 

F r o m Table 10-m it w i l l be seen that two agencies specify that a minimum of three 
r o l l e r s are to be used (for each spreading 
and finishing machine), and 25 agencies 
specify that a minimum of two r o l l e r s 
are to be used. The remaining 23 report
ing agencies apparently do not specify a 
minimum number of r o l l e r s to be used. 
It w i l l be further noted that the most f r e 
quently required combination i s a min i 
mum of one tandem ro l l er and one three-
wheel ro l l er (by 14 agencies). 

Tonnage and Ro l l er Speed. Thirty-two 
agencies set a specif ic maximum amount 
of mater ia l that may be placed per hour 
for each ro l l e r that i s used. Twenty-
seven of these state the amount of mate
r i a l on a ton-per-roUer-hour bas i s , and 
f ive use a square -yard-per -roUer -hour 
basis . Maximum-tonnage values, as w i l l 
be seen f r o m Table 10-n, range f r o m 25 
tons per ro l l er -hour to 150 tons per r o l l 
er -hour . The most frequently specif ied 
maximum tonnages per ro l l er -hour that 
are specif ied are 40 (6 agencies), 30 (5 
agencies) and 50 (4 agencies). 

Spaciflri 

f t . pe r mE 

TABLE 10-j 
SPECIFIED OfQUTINB SVEEDS FOR 
SmBADIHB AND FIMISHIHG MACHINE 

Of Agencies 

5-20 

5-30 

5-50 

7-26 

10-20 

3 0 » 

35 n 

A v o i d t e a r i n g 

Not r e p o r t e d 

2(1-S)±' 

3 ( 1 - B ) 

16 

50 

y One a d d i t i o n a l agency r e p o r t s s p e c i f y i n g d i f f e r e n t mGuamim speeds 
for bindar-eourBe and su r faee -courae m i x t u r e s The numeral w i t h i n 
parentheses i n d i c a t e s t h e number o f agenc ies , t h e l e t t e r "B" i n d i c a t e s 
b i n d e r - c o u r s e m u t t u r e , the l e t t e r "S" i n d i c a t e s su r f ace -cou r se m i x t u r e 
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TABLE lO-k 
LIFT THICKNESSES - MAXIMUM SPECIFIED 

AND THICKNESS NORMALLY USED 
Specified Maximum 

Thickness 
Thickness Normally 

Placed 
Binder 
Course 

Number 
of Agencies 

Surface 
Course 

Nimiber 
of Agencies 

Binder Number 
Course of Agencies 

Surface 
Course 

Number 
of Agencies 

Inches inches inches Inches 

1 1 1 1+ 1 1 1 8 

1 1/k 1 1 1/k 1 1 - 1 1 /2 1 1 - 1 1 /2 2 

1 1 /2 6 1 1 / 2 9 1-2 1 1 -2 2 

2 12 2 Ik 1-3 1 1 1/k 5 

2 1 /2 2 2 1 / 2 k 1 1/k 2 1 1 /2 Ik 

3 8 3 2 1 1 / 2 15 1 1 / 2 - 2 2 
1 / 

1 7 0 l b s . 1 3 1 /2 1 1 1 / 2 - 2 1 1 1 / 2 - 2 1 /2 1 

Var. 1 1 3 0 I t s .1/ 1 1 1 / 2 - 2 1 / 2 1 2 3 

N.R. 1 7 Var. 1 1 3/k 1 2 1 / 2 2 

Not used 1 N.R. 1 3 2 6 1 0 0 l b s . y 1 

Total agencies 50 Total 50 2 - 3 3 N.R. 1 0 

2 1 /2 1 Total 50 

Not used 1 

N.R. 15 

Total 50 

1 / Lbs. per sq. yd. 

2 / Not reported. 

Only 24 agencies report specifying a 
maximum ro l l er speed. Seven agencies 
report a requirement to the effect that 
the speed i s to be such that displacement 
under the ro l l er w i l l be avoided. It i s 
possible that some of the agencies report
ing no requirement may have a require
ment s i m i l a r to that which was reported 
by these seven agencies. Reported max
imum allowable speeds (see Table lO-o) 
range f rom 1. 5 mph to 3 mph, with most 
agencies (15) specifying 3 mph. 

Compacted Density 

The questions that were asked con-

TABLE 10-1 

TCtBS OF ROLLERS BBWUBED 

RoLLer Type 
Number 

of Agencies 

Tandem or three-wheel 16 

Tandem and three-irtieelf mlnlimnn 16 

Tandem only 11 

Tandem, three-wheel, or pneumatic 2 

Tandem or pneumatic 1 

Tandem, three-wheel, and pneumatic 3 

Not s p e c i f i e d 1 

T o t a l agencies 50 
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TABI£ 10-m 
MDHMJH BUHBBl OF BOLLHIS BSBUISED 

TABI£ 1 0 - n 
MAXDUH TONNAGE SFECITm) PER ROLLSt-HOUR 

Hlnlnum Requirement Number 
o f Anencles 

s p e c i f i e d Haxumim Tonnage 
Per R o l l e r - H o u r 

Number 
o f Agencies 

Three r o l l e r s 
25 

( a ) Two tandem or t h r e e - w h e e l and one pneumatic 1 
25 3 

( b ) One 3'-axle tandem, o t h e r s tondem, 

o r pneumatic 

T o t a l agencies 

t h r e e - w b e e l 

1 

2 

30 

35 

374 

5 

2 

1 

Two r o l l e r s 

( a ) One tanden and one t h r e e - i r t i e e l 

UQ 

50 

6 

k 

( b ) 

( c ) 

Tandem o r t h r ee - \ r i i e e l 

Timdem o n l y 

5 

k 

75 

80 

2 

1 

( d ) T H O tandem, o r one tandem toA one 

T o t a l agencies 

M i n i in an n o t s p e c i f i e d 

t h r e a - i r t i e e l 2 

25 

100 

150 

Sk» y d r e g t n r e n e n t ^ 

2 

1 

6 

( a ) Tandem o r t h x « e - v b e e l 9 
Hot s p e c i f i e d 5 

( b ) Tandem o n l y 8 
n o t r e p o r t e d 12 

( o ) Tandem, t b r e e - v h e e l o r pneumatic 1 
T o t a l agencies 50 

(4) Tandem, t b r e e - i d i e e l and j n e u m a t i c 1 

(•) Taodem and t h r e e - w b e e l 2 l / S i x agencies taav e a r equ i r emen t based on square ya rds p l a c e d p e i hour 

( f ) Tandem o r pneumatic 1 r a t h e r t h a n on b onnage These r e q u l r a n s n t s v a r y f r o m 200 t o 500 s q . yds 

( g ) Type n o t s p e c i f i e d 1 M W l a i m placement p e r r o l l e r - h o u r 

T o t a l agencies 23 

cerning density specifications and c r i t e r 
ia were unfortunately not sufficiently 
specif ic to indicate the amount of infor
mation that was needed to completely 
compare and analyze pract ice with r e 
gard to layer density. Many of the r e 
pl ies that were received were therefore 
not sufficiently complete to permit a de
tailed examination of them. Such s u m 
marization as was possible i s presented 
in Tab le 10-p. I t w i l l be noted f r o m the 
table that, while the general range of 
density that i s sought i s , with a few ex
ceptions, relatively narrow, the actual 
l imiting f igures that are l i s ted are quite 
varied. Severa l different bases are also 
used in arr iv ing at standard densities to 
which the compacted-layer densities are 
compared. 

F o r binder courses , 21 agencies r e 
port that they specify relative-density r e -

TABLE 10-0 
SPECIFIED ROLLER SPEEDS 

Specified Maximum Speed number 
of Agencies 

1.5 mph 

1.7 mph 

1.8 mph 

2 mph 

2.5 mph 

3 mph 

Avoid displacement 

Not specified 

Not reported 

Total agencies 

15 

19 

50 

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 spec i f ic 
gravity (ASTM) of the aggregates, 6 relate the compacted density to a voidless density 
calculated through the use of the bulk speci f ic gravity (ASTM) of the aggregates, one 
uses density obtained by the Hubbard-Fie ld laboratory procedure as a standard, and 3 
use a density obtained by the M a r s h a l l procedure as a standard. Among the remaining 
8 are 2 that report using other specif ic gravit ies of aggregates in determining voidless 
density (surface dry and vacuum saturated), and 6 that did not report in such a way 
that their standard could be c lass i f ied . 

F o r surface courses , 25 agencies report specifying relative-density requirements. 
E ight 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 specif ic 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 f r o m other specific gravities of aggregates (surface 
dry and vacuum saturated), and 6 could not be classified. 

TABLE 10-p 
DENSITY RBftUIBEMENTS FOR COMEftCTED LAYERS 

Relative Density Requirement 
Binder 
Course 
Percent 

Number S\jrface 
of Course 

Agencies Percent 

Number 
of 

Agencies 

85+ 
90+ 

91-96 
92+ 

9I+-98 
95+ 
97+ 

Based on Voidless Density Using Apparent 
Specific Gravity of Materials 

1 (1) ^ ^ 85+ 
1 (1) y -90+ 

(1) 91-96 
3 92+ 
1 92-96 
1 (1) 9^̂ -98 

(1) 95+ 
97+ 

Based on Voidless Density Using Bulk 
Specific Gravity of Materials 

3 ( 1 ) ^ 
(1) 

3 
1 
1 
1 (1) 

(1) 

88+ 
91-92 

92+ 
95+ 

1 90+ 
(1) 90-95 

1 91-92 
3 92+ 

95+ 

Based on Hubbard-Field Laboratory Density 

1 
1 

(1) 
1 
3 

95+ 1 9**+ 
95+ 

Based on Marshall Laboratory Density 

1 
1 

95-99 
98 

Vary with job 

1 95-99 
1 98 
1 Vary with job 

Miscellaneous, or Basis Not Reported 

1 
1 
1 

8 8 

Not Specified 

14 13 

Not Reported 

7 1* 

1 / Nunibers in parentheses indicate nimiber of additional agencies reporting that 
they desire, but do not specify, the indicated figures. 

2/ One agency desires the 85+ percent for hltuminous concrete placed on flexible 
baise, and 90+ percent for bituminous concrete placed on rigid base. 
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TABLE 10-q 
RiQUIREMEIJTS FOR SURFACE SMOOTHNESS 

Binder Course Surface Course 
Maxlfflum Varia t ion No. of Agencies Maximum Variat ion No. of Agencies 

l / l O I n . I n 10 f t . 1 l / l O i n . i n 10 f t . 1 

1/8 I n . I n 16 f t . ^ 1 1/8 i n . i n 16 f t . i / 2 

1/8 I n . I n 10 f t . 1̂  1/8 i n . i n 10 f t . Xk 

l / l 6 i n . per f t . 1 3 / l6 i n . i n 10 f t . 11 

3/ l6 i n . i n 10 f t . 3 1/1+ i n . i n 20 f t . 1 

X/h i n . i n 16 f t . k X/k i n . i n l 6 f t . 5 
X/h i n . i n 12 f t . X X/h i n . i n 12 f t . 2 

X/h i n . i n 10 f t . 13 X/h i n . i n 10 f t . 11 

3/8 i n . i n 10 f t . 2 Not reported 3 

1/2 i n . i n 20 f t . 1 

1/2 i n . i n 10 f t . 1 

Not specif ied 11 

Not reported 7 

1 / One agency specifies t h i s degree of surface smoothness f o r bituminous concrete 

placed on r i g i d base, but permits up t o l / 4 - i n . va r ia t ion i n l 6 f t . f o r bitum

inous concrete placed on f l e x i b l e base. 

Surface Smoothness 

Thi r ty- two agencies reported on surface-smoothness requirements f o r binder 
courses, and 47 reported on surface-smoothness requirements f o r surface courses. 
The requirements are summarized in Table 10-q. For binder courses, maximum 
allowable variations range f r o m Via in. m 10 f t to % in . i n 10 f t . For surface courses, 
maximum allowable variations range f r o m Vio in . in 10 f t . to % in. in 10 f t . A /4-in. 
maximum permissible variation in 10 f t is reported most frequently f o r binder cours
es (13 agencies), followed by Vs in. in 10 f t (4 agencies), and U ^n. in 16 f t (4 agen
cies). A maximum-variation requirement of % in. i n 10 f t is reported most frequent
ly f o r surface courses (14 agencies). Other requirements receiving frequent u s ^ e 
f o r surface courses are Vie in . in 10 f t (11 agencies), % in. in 10 f t (11 agencies), and 
% in . in 16 f t (5 agencies). 

EQUIPMENT REQUIREMENTS 
The questions that were asked concerning equipment requirements were f o r the 

most part l imi ted to items where differences in practice were believed to exist. The 
information that i s reported i s therefore not a detailed description of equipment used 
i n preparing and placing bituminous-concrete mixtures. 
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PREPARATION OF MATERIALS 

Cold-Aggregate Bins 
Th i r ty - f ive 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 dragline bucket. 
Twelve agencies use conveyor belts or elevators. " Other pieces of specific equipment 
mentioned were bulldozers (2 agencies) and trucks (1 agency). 

Reported requirements f o r cold-aggregate bins are outlined in Table 11-a. Fifteen 
agencies reported on the minimum number of bin compartments specified where more 
than one compartment is required. Nine of these specify 2 compartments and 6 spec
i fy 3 compartments. Eight agencies report specifying a minimum of one compartment 
f o r each aggregate size, and i t i s presumed that the other agencies have a s imi lar re 
quirement though i t may not be stated specifically. 

Requirements f o r 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 f u l l 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 f o r 

conveying cold aggregate to the dr iers , and seven do not. However, at least two of 
those that do not have such a requirement indicate that mechanical 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 fo r proportional feed, two 
reported that they are not adjustable, and eight agencies did not report. Th i r ty - s ix 
report that their feeders are adjustable f o r total feed, one reports the feeder not to be 
adjustable f o r total feed, and 13 agencies did not report. 

Th i r ty - s ix 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-nme agencies reported on SCALPING-SCREEK USAGE 

scalping-screen openings as related to the 
maximum size of aggregate. Three agen
cies report that they do not use scalping 
screens, and 18 agencies did not report. 
Summarized information on this item ap
pears in Table 11-b. Screen openings 
w i l l be seen to vary f r o m aggregate size 
to % in . larger than aggregate size. 
Twelve agencies report that the screen 

TABLE U - a 
RE«nRE»EHES FtJR COID-AGGRERATE i 

Of Cimarnnmt. of Agencies Q U I iJI«ic>^ of teeneiea 

3 « 
On each agei^gate s i z e 8 

v a r i e s 1 

^ Supply f u l l capacity of 
mixer or plant rate 

3 
I n excess of mixer capacity 1 

Hot a p e c l i l e d 10 Not sp e c i f i e d 7 

Hot reported l6 Not reported 27 

Screen Opening Related to 
Haxmum Size of Afwregate 

Number 
of Agencies 

l / 2 - i n . larger 2 

l / l t - i n . l a rger 7 

l / 8 - i n . larger 12 

l / l 6 m. larger 1 

Same s i z e 2 

1/8 - 1/lt-in. larger 1 

l / l 6 - l / l 4 - i n . l a r g e r 2 

l / l 6 - l / 8 - i n . larger 2 

Hot used 3 

Mot reported 18 
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TABLE n-e 
REQUIRQaTS CONCERNING SCREENING EFFICIENCY WHERE OVERSIZE 

AMD UNDERSIZE MATERIALS ABE CONSIDERED SEEARATELY 
Small Aggregate •• / i > Large Aggregate 

Bin No. 1=̂  Bin No. 2 Bin No. 3 Bin No. H 

Maximun . Maximum , Maximum Maximum Maximum Maximum Maximum 
Agency Overslzej UnderslzeS/ Oversize Underslze Oversize Underslze 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 

h 5 5 5 10 5 15 5 
5 5 15 10 25 5 25 0 
6 10 15 15 15 0 
7 10 10 10 10 10 

l / The usual pract ice of designating as Bin No. 1 the h i n containing the smallest 

size of aggregate exclusive o f mineral f i l l e r has teen fol lowed. 

2/ Oversize and underslze detenninations are based on tests w i t h laboratory sieves, 

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

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

1. Separate l imitations on the amounts of material larger than and smaller than 
the established nominal maximum and minimum sizes that w i l l be permitted in a size-
group. 

2. A l imitat ion on the combined amounts of material larger than and smaller than 
the established nominal maximum and minimum sizes that w i l l be permitted in a size-
group. 

3. A l imitat ion on only the amount of material that is smaller than the established 
minimum size that w i l l be permitted in a size-group (sometimes re fe r red to as "car
ry-over") . 

Table 11-c summarizes the requirements that have been established by the seven 
agencies using the f i r s t type of requirement. As w i l l be seen f r o m the table, the max
imum amount of oversize permitted in the various size-groups is either 5 or 10 per
cent of the total material i n the size-group f o r most agencies, wi th one agency per
mitt ing as high as 15 percent f o r one size-group and two agencies permitt ing no over
size material i n their coarsest size-groups. 

Since the finest size-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 l imitat ion on underslze material to be contained in this size-
group. Undersize l imitations f o r the other size-groups range f r o m 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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BBQUIBBrarrS F O R fiOT-AGGRaiATE BIHS 

Hlnlmm Hunber of 
CoByartoents Regulrad 

HuBber of Agencies 
Binder Surface 
Course Course 

Bm Capacity 
Required 

Hunber 
of Agencies 

2 7 8 Supply plant-rate 12 

3 33 3^ Sajiply f u l l cBjpacity of 

k 

One for each aggregate 
s i z e 

h k 

1 1 

Not l e s s than three t l j u 
dead-load capacity of 
muter 

B 

5 

Hot reported 5 3 Not l e s s than ten times 
dead-load c q i a c l t y of 
mixer 1 

Six-ton mlniMum cccpaclty 1 

Ho re^iiremeDt 10 

Hot reported 

Five agencies used the second-named 
method; that of l imi t ing the combined 
amount of oversize and undersize mate
r i a l to be contained in any size-group. 
Four of these require that at least 85 
percent of the material in a size-group 
must meet the established minimum and 
maximum sizes f o r the group, when test
ed with laboratory sieves (85 percent ef
ficient) . One of these has a fur ther re
quirement that at least 90 percent of the 
material in the fine-size bin must pass 
the No. 10 sieve. The f i f t h agency re 
quires that 90 percent of the material in -
a size-group must meet the nominal size requirements f o r 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 f ive agencies that l i m i t only the undersize material in a size-group 
separate their aggregates into only two sizes, and place a l imitat ion on the amount of 
f ine material that may be carr ied 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 f i f t h 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 f o r separating the hot aggre

gates into size groups. As w i l l be seen f r o m Table 11-d, 7 agencies require at least 
two compartments f o r binder-course material , 33 agencies require 3 compartments, 
and 4 agencies require 4 compartments. Practice with regard to surface-course ma
te r ia l w i l l be noted in the table to be almost identical. Six agencies did not report f o r 
binder-course material , and four agencies did not report f o r surface-course material. 

Capacity requirements f o r 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 r e 
quire the bin capacity to be sufficient to supply the f u l l capacity of the mixer, f ive r e -

TABLE 11-e 

THERMOMEXRIC BQUIIHENT FOE! AGGKEGATES 

Type of 
Instrument Ho. of 
Permitted Agencies 

Recording and 

Minimum Number 
of Instz\mient 

Teraunals 
Required 

Instrument 
No. of 

A;!encies 
Type of 

Instrument Ho. of 
Permitted Agencies 

Mon-recording 
Instruments 

No. of 
Agencies 

Si n g l e 
D r i e r 

Dual 
D r i e r 

No. of 
Agencies 

S e n s i t i v i t y 
and E f f i c i e n c y 

No. of 
A;!encies 

Pyrometer and 

thermometer 1*3 

I ^ c m e t e r only 5 

Not s p e c i f i e d a 

Recording i n 
strument r e 
quired 

Non-recording 
instrument 
permitted 

25 

25 

1 

1 

1 

2 

Dual not 
used 

1 

11 

11 

6 

Record 10° F . change 
m one minute 

Record 10° F. change 
v i t h i n 15 minutes 

Record a5°F. change 
w i t h i n one minute 

1 

1 

1 

2 3 1 Record 10° F. v a r i a t i o n 1 

3 3 1 As d i r e c t e d 1 

It 5 1 Not s p e c i f i e d 22 

Not s p e c i f i e d 13 Not reported 2h 

Not reported 6 
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MBLE 11-f 
REWIIRED CAEAOHY OP TASK FOR BITUMIHOUS MAIEBIAL 

Tank Capacity Regulation Umber 
of Agencies 

Sufficient for onf day's run 
Sufficient for con inuouB operation 
In excess of plant operation 
Sufficient for ten-hour operation 
500 gal. 
lt,500 gal. 
10,000 gal. 

Two tanks for truck delivery 
Hot reported 
Not specified 19 

quire that the capacity be three times the 
dead-load capacity of the mixer, and one 
requires a capacity of not less than ten 
times the dead-load capacity of the mixer. 
One agency sets six tons as a minimum 
capacity. Ten agencies have no require
ment, and 14 did not reply. 

Thermometric Equipment f o r Aggregate 

The replies that were received to sev
eral questions concerning thermometric 
equipment f o r measuring the temperature 
of hot aggregate are summarized in Ta
ble 11-e. I t w i l l be noted that 43 agencies 
w i l l permi t the use of either a pyrometer 
or thermometer, 5 require that a pyrom
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 s in
gle dr ie rs are used. Eleven of these require two terminals when dual dr iers are used, 
but S I X 66 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 l imi t s the sensitivity 
and efficiency of the thermometric instruments. Data concerning this item are also 
summarized in Table 11-e. 

Storage Tank f o r Bituminous Material 

Regulations concerning the capacity of the storage tank fo r 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 f o r one day's run. The v a r i 
ous requirements of the other ten may be seen by re fe r r ing to Table 11-f. Nineteen 
agencies reported that they do not specify a edac i ty f o r the tank f o r bituminous mate
r i a l . 

Thermometric Equipment f o r Bituminous Material 

For ty-s ix of the reporting agencies indicate that a thermometer is used f o r 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 i s used. 

MIXING PLANTS 

For ty-s ix 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 f r e 
quently. Twenty-three agencies use both 
types with equal frequency. These data 
are tabulated in Table 11-g. 

Batch-Type Mixing Plants 

Aggregate Weighing Equipment 

Information that was furnished by the 

TABL& 11-g 

UfaflGE OF BMCH-TYIE AND OOHTIHUOUB-TYM HDCHC HAHIS 

Usage Hunber 
of Anencles 

Permit e i t h e r batch-type or contlmiouB-type mixers 

F e m l t batch-type only k 

Use batch-type more frequently 

Use contuwous-type more frequently k 

Use both types with equal fPeqiuency 
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TABLL LL-h 

ttxaactaE uEiGimic BouiRffiin; TOR B A T C H J T O T B F L A W I S 
Beguirea Scale Accuracy -

Trae of Bcale naca of AacncHs ItexUnIn Tolerance 
T u B S — 
pf Agencies 

Multiple beam, Bprljig-
l e aa d i a l 

Qprlngleaa d i a l only 

Type not Indicated 

37 

7 

6 

0 5 percent of msxlmuEt load 

0.5 percent of load 

0 t percent of naxlmUB load 

0 1* percent of load 

t a l b 

+ 5 lb 

t 20 l b . 
1 50 l b 

Baaed on scale graduation 

Other 

Approved 

bat s p e c i f i e d 

not reported 

16 

I k 

TABLB 11-1 

NEASUBIHG BinnUNOUS MATERIAL IN BAmH-TXlC PLAHTS 
B c T u r e d weigh. H e t b o i o f B S T o I Type or 

Meaaurenent AgeBcles s c a l e s Used 
Ho of 

Agencies Bucket CN«city 

reporting agencies concerning aggregate-
weighing equipment is tabulated m Table 
11-h. As w i l l be seen f r o m the table, 
thirty-seven agencies state that they use 
either multiple-beam or springless-dial 
scales. Seven use the springless-dial 
scale only. Six agencies did not indicate 
the type used. 

Regarding the required accuracy of the 
aggregate scales (see Table 11-h), 16 
agencies report that they require an accur
acy within 0. 5 percent of the maximum 
load to be carr ied, and 14 report that they 
require an accuracy within 0. 5 percent of 
the load carried. Considerable variation 
occurs in the practice reported by other 
agencies, as w i l l be seen f r o m the table. 

Measuring Equipment f o r Bituminous 
Material 

By volume 
end velght Sprlngleas d i a l 

Sprlngleaa d i a l 
or cylinder 

15 

6 

IB pet of n 
capacity 

11 pet of mixer 
capacity 

O^pe not reported i6 

12 pst of mtJtw 
capecity 

15 pet of mixer 
capacity 

^ pet of mixer 
capacity 

25 pet. of mixer 
ci^paclty 

10-20 pet of mixer 
capacity 

15 pet of aggregate 

Data regarding the measuring equip
ment f o r bituminous material i n batch-
type plants are summarized in Table 11-i . 
A l l agencies have plants operating using 
the weight method of measurement, and 
25 have plants in which the bituminous 
material is metered by volume. 

Regarding the type of scales used, 15 
report using either beam or springless-
dial scales, 6 report using the springless-
dial type only, one reports using a beam 
scale only, and two report using other 
types (see Table 11-i). Twenty-six agen
cies did not report on scale type. 

Twenty agencies reported specific re -
quirements regarding the weigh-bucket 
capacity f o r bituminous material . These 

requirements range f r o m 10 percent to 25 percent of the mixer capacity, and f r o m 10 
to 20 percent of the aggregate weight. As w i l l be seen f r o m Table 11-i practice is 
wel l divided through these ranges. Seven agencies require that the capacity be s u f f i 
cient, adequate, etc. , 16 reported that they have no specification requirement, and 7 
did not report. 

s u f f i c i e n t , adequate, 
etc 

not s p e c i f i e d 

Hot reported 

Batch-Type Mixers 
A number of questions were asked concerning specification requirements f o r , 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 l l - j , and are discussed in the f o l 
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 in 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 
(that I S , in pounds per batch), 16 have set a 2,000-lb minimum, 4 have a 1,500-lb m i n i 
mum, 4 have a 1,000 lb minimum, and 1 agency has a 750-lb minimum. Such other 
capacity requirements as were reported w i l l be seen by re fe r r ing to the table. Fifteen 
agencies report that they do not specify a minimum capacity, and four did not report. 
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TABLE 

USAGE AHD RB9UIREMEI1TS-BATCH-TYEE MIXERS 

Type of 
Mixer 

Normally Used 

Number 
of 

Agencies 

Permissible Number 
Minimum of 

Mixer Capacity Agencies 

Mixer-Blade 
Rotation 

Rate 

Number 
of 

Agencies 

Maximum 
Allowable 

Blade Clearance 

Number 
of 

Agencies 
Twin s h a f t kj 

rpm inches Twin s h a f t kj 750 l b s . 1 
rpm inches 

ko 1 1/2 1 Rotary drum or 1000 l b s . k 
1/2 

twin s h a f t 2 hO-60 1 3/1̂  18 
1500 l b s . k 

3/1̂  18 

Not reported 1 56 1 1 2 
2000 l b s . l 6 

56 

300 ton / 8 h r s . 1 
55-75 1 1-1 1/2 1 

300 ton / 8 h r s . 1 
1-1 1/2 

58-60 1 2 8 
52 cu. f t . 1 

8 

Rated ca p a c i t y 2 
60+ 2 Hot s p e c i f i e d Ik Rated ca p a c i t y 2 

Hot s p e c i f i e d Ik 

1/2 r a t e d c a p a c i t y 1 
70-90 2 Hot reported 6 

1/2 r a t e d c a p a c i t y 1 
Hot reported 

Mfgr's. r a t e 3 
Depends on job 1 

For uniform 
Not s p e c i f i e d 15 mix, e t c . 2 

Hot reported It- Not reported 36 

Time Look Number 
of Agencies 

S p e c i f i e d Minimum 
Lock I n t e r v a l 

Number 
of Agencies 

Use time l o c k 26 

Do not use time 
l o c k 

seconds 
2 

5 

10 

15 

Not s p e c i f i e d 

Not reported 

1 

10 

1 

1 

6 

31 

TABLE 11-k 
USAGE AMD BESCJISIWENTS-COllTIIWOOS-TYPE KDCERS 

Type of 
Mixer 

normally Used 
number Usual Mtal- Nunber Angular Adjust- Kuniber Paddles Required WunJaer Minlmm Allov^ mmber" 

of mum Bate of of ment Required of Capable of of able Capacity of of 
Agencies Broduetion Agencies for Paddles Agencies Reverse Motion Agencies Discharge Hopper Agencies 

Twin pugmlll to 1 

Twin or single 50 2 
pugmlll a 

120 It 
Not reported 3 

125 1 Type not used 
160 1 

80 mm. 1 

to-120 1 

80-100 1 

Hot reported 

Type not used k 

Angular adjust
ment required 

Angular adjustanent 
not required 

Not reported 

Type not used 

to 
2 
h 

Reverse motion 
required 

Reverse motion 
not required 

Not reported 
Type not used 

27 

15 

k 

h 

lbs. 
2000 

1000 

One batch 
Not specified 
Not reported 
Type not used 

5 

1 
1 
27 
12 

1* 
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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 f r o m 40 to 90 rpm (see table). 

Thir ty agencies reported on their specifications regarding mixer-blade clearance. 
Fourteen agencies report that they have no specifications regarding this particular 
i tem, and six did not report. Of the 30 agencies reporting a specification, 18 have es
tablished y4 in . as a maximum clearance, and 8 have established 2 in . Maximum 
clearances permitted by the remaining four agencies w i l l be seen by re fe r r ing to Ta
ble 11-j . 

Twenty-six of the 50 reporting agencies report that a t ime lock is used on their 
mixers. The remaining 24 do not use a t ime lock. Thirteen of the agencies report 
that they have specifications covering a minimum lock interval. Ten of these have set 
a minimum interval 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 s imi la r 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 in the following paragraphs. 

Of the 46 agencies using continuous mixers, 41 report that usage is 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 f r o m 40 to 160 tons per hour. Four agencies report a maximum rate of 
120 tons per hour, and, as w i l l be seen f r o m the table, the rates reported by the other 
agencies are wel l distributed through the range of 40 to 160. 

Of 42 agencies reporting concerning a requirement f o r angular adjustment of the 
mixer paddles, 40 report that they require the paddles to be capable of angular adjust
ment, and two report that ai^ular 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 is not required. 

Only S I X of the 46 agencies using continuous mixers report that they specify a min 
imum allowable capacity f o r the discharge hopper of the pugmill . Five of these re 
quire a minimum capacity of 2,000 lb of mixture, and one requires a minimum capacity 
of 1,000 lb. 

TRANSPORTATION 

Forty-one of the 50 reporting agencies state that a cover f o r the material is r e 
quired during transportation f r o m the mixing plant to the road-site. Six additional 
agencies indicate that a cover is used when one is considered to be needed, par t icu
la r ly 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, a l l indicate the use 
of a cloth cover. Such terms as "canvas," "waterproof canvas," and "tarpaulin" were 
used, but i t is believed that a l l re fer to the same type of material . One agency ind i 
cates permitt ing the use of heavy paper as wel l as canvas. 

Only seven agencies indicate that they require regular use of body insulation on 
trucks transporting bituminous-concrete 
mixtures. Seven additional agencies i n 
dicate that insulation is required occa
sionally, part icularly in cool weather or 
during long hauls. Only two agencies re 
ported on the type of insulation specified; 
one requiring wood and the other celotex. 
Two agencies report requiring a %-in. 
thickness of insulation without mentioning 

TABLE 11-1 
SHOJUmC ADD FINISiIHC MACHINE 

Use of 
Side Forms 

Number 
ol AReicles 

Use or Levei-
Intt Device 

Humtier Use of Screed 
of Agencies Heater 

Number 
of Asendee 

Not used Used 31 Used 

Required I!ot used 15 Not required <! 

Optional c! Optional 1 Hot s p e c i f i e d 1 

Not reported 1 Not reported 3 Hot reported 
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REQUZIiDtBns FOR COHHLCFIHC 

—mss— 
of Agenelea 

Specif i e d com-
PtcBBion Welriit 

5- 8 

r 
6- 10 
7 
7- 10 
8t 
8- 10 
8-ia 
10 
10+ 
10-li 
10-H 
Hot s p e c i f i e d 
Hot reported 

nire e Wheel 

5-10 
7- 10 
8> 
8- 10 
5-l£ 
10 
10+ 
10-12 
10-lt 
Hot s p e c i f i e d 
Hot reported 

R i e u m t l c 

10-lIf 
Hot s p e c i f i e d 

Three-Axle Tumden 

l b per i n 
r o l l e r width 

<no 
200+ 
200-250 
250 
250+ 
250-1400 
260+ 
300+ 
325 
330 
Hot specified 
Hot reported 

Three wheel 

of Agencle 

200 
200+ 
250 
250+ 
25O-l|00 
300 
30O+ 
310-350 
325 
330 
350 
Not s p e c i f i e d 
Hot reported 

Pneumatic 

250 
325 

Hot s p e c i f i e d 

Three-Axle Tendea 

12-19 
16-21 

information on roUer-type requirements I s presented I n TW>le 10-1. 

£ype, and one agency reports requiring a 
% - i n . thickness without mentioning type. 

SPREADING AND FINISHING MACHINE 

A very l imi ted number of questions 
were asked concerning spreading and f i n 
ishing machines. The information that 
was received is summarized in Table 11-1. 
In reply to a question as to whether side 
forms are used, two report that they are 
required, and two report that the use of 
side forms is optional. Concerning the 
use of a leveling device to compensate 
f o r i r regulari t ies in the surface upon 
which the bituminous material i s being 
placed, 31 agencies report the use of such 
a device, 15 report that such a device is 
not used, and 1 reports that the use of 
such a device is optional. Regarding the 
use of screed heaters, 45 agencies report 
that a screed heater is used, and 3 agen
cies report that the use of a screed heater 
is either not required or not specified. 

COMPACTING ROLLERS 

Requirements concerning ro l le r types 
were previously discussed, and summary information was reported in Table 10-1. I n 
formation on specified weight l imi t s fo r ro l le rs , and specified compression weights, 
is now summarized in Table 11-m. An inspection of the table w i l l show that, except 
f o r three-axle tandem rol lers , most agencies require total weights of f r o m 8 to 12 tons, 
with a scattering of agencies permitt ing ro l lers weighing as l i t t l e as 5 tons and as 
much as 14 tons. Of two agencies specifying total weights f o r three-axle tandem r o l l 
ers, one specifies a range of f r o m 12 to 19 tons, and the other a range of f r o m 16 to 
21 tons. Specified compression weights of f r o m 200 to 250 lb per in . of ro l le r width 
are usually required, with a few requiring somewhat higher compression weights. 
One permits a compression weight of up to 400 lb per in. of ro l le r width. 

TESTS OF MIXTURES 

The cooperating agencies were asked to report on the various tests that are made 
on samples taken f r o m regularly-produced paving mixtures. They were also asked to 
indicate which tests are performed in f i e l d laboratories, and which are performed in 
central laboratories; and which are made on samples taken f r o m trucks or at discharge 
f r o m the mixer, and which are made on samples taken f r o m the compacted pavement. 

Of 40 agencies reporting on the frequency with which samples are taken f r o m the 
compacted pavement to determine in-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 s imi lar frequency of samp
ling. Five agencies report that samples are taken rarely , occasionally, e tc . , and two 
report that sampling frequency is at the Engineer's discretion. Only four agencies r e 
port that samples are not taken f r o m the compacted pavement. Hand tools, core d r i l l s , 
a ir hammers, and saws are most frequently used f o r the removal of samples f r o m the 
compacted pavement. 

TESTS IN FIELD LABORATORY 

The information that was received regarding tests made in f i e l d laboratories on 
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T e s t 

MBLE 12-a 

TESTS EEBFORMED IN FIELD LABORATORY ON SAMPLES OF 
ELAHT-IKEPARKD BITUMINOUS-CONCRErE MIXTURES 

Number of Agencies Making Tes t 
i n F i e l d Laboratory on Sample of: 

Loose Compacted 
Mixture Pavement Undetermined 

T o t a l Number 
of Agencies 

Making T e s t i n 
F i e l d Laboratory 

Gradation 1(6 38 16 1 

E x t r a c t i o n 35 26 \ \ 2 

Density ^ 29 5 28 0 

Marshall 8 5 2 1 

Hubbard-Field 1 1 0 0 

Thickness 2 0 2 0 

Moisture Content 1 1 0 0 

Compaction 1 1 0 0 

1/ Many agencies c a l c u l a t e the t h e o r e t i c a l void content following the determination of density of samples 

from the compacted pavement. 

TABLE 12-b 

TESTS PERFORMED IN CENTRAL LABORATORY ON SAMPLES OF 
PLAHT-H5EPARED BITUMIMOUR-CONCRETE MIXTURES 

T o t a l Number Number of Agencies Making T e s t 
i n C e n t r a l Laboratory on Sample of: 

Te s t Making T e s t i n 
C e n t r a l Laboratory 

Loose 
Mixture 

Compacted 
Pavement Undetermined 

Gradation 36 30 16 0 

E x t r a c t i o n 1̂ 5 37 19 1 

Density i / 29 7 28 0 

Marshall 12 9 \ 0 

Hveem Stabilometer 8 6 3 0 

Hubbard-Field 5 3 2 0 

T r i a x l a l Compression 2 1 1 0 

Unconfmed Campression 2 0 0 2 

Hveem Cohesicmeter 2 2 ] 0 

Abson Recovery 1 It 0 

S w e l l 2 1 1 0 

Thickness \ 0 It 0 

Moisture Content 1 1 0 0 

Compaction 1 1 0 0 

1/ Many agencies c a l c u l a t e the t h e o r e t i c a l v o i d content f o l l o w i n g the determination of d e n s i t y of 

saorples from the compacted pavement. 



55 

mixture samples is summarized in Table l2 -a . I t w i l l be noted f r o m 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. For ty-s ix agencies 
indicate that gradation tests are made in a f i e l d laboratory, 35 indicate that extraction 
tests are made in the f i e l d , and 29 indicate that density tests are made i n the f ie ld . 
As would be expected, gradation and extraction tests are more frequently made on 
samples taken f r o m the loose mixture rather than f r o m the compacted pavement. 
Twenty-eight of the 29 agencies making density tests determine the density of speci
mens taken f r o m the compacted pavement. Four of these also conduct density (or com
paction) tests on samples taken f r o m the loose mixture. One agency makes density 
(compaction) tests only of samples taken f r o m the loose mixture. Additional details 
of practice w i l l be seen by re fe r r ing to Table l2 -a . 

TESTS IN CENTRAL LABORATORY 

Table 12-b contains data s imi lar to that contained in Table 12-a, except that the 
data relate to tests performed i n the central laboratory. Fewer agencies per form 
gradation tests on field-obtained samples in the central laboratory than perform these 
tests i n the f i e l d laboratory (36 as compared with 46). A greater number per form ex
traction tests in the central laboratory (45 as compared with 35). An equal number 
(29) per form density tests in the central laboratory and in the f i e ld . 

The Marshall and Hubbard-Field tests are made much more frequently in the cen
t r a l laboratory, and the Hveem, tnax ia l , 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 in the f i e l d w i l l be found in Table l 2 -b . 

A fur ther comparison of practice regarding central and f i e l d laboratory testing of 
field-obtained samples is presented in Table l2 -c f o r the three principal tests. I t w i l l 
be seen that the gradation test is used by a l l but one of the 50 reporting agencies, and 
that samples are tested in both f i e l d and central laboratories by 33 of the agencies. 
Thirteen of the agencies use the gradation test i n the f i e l d only, and 3 use the test i n 
the central laboratory only. I t w i l l also be seen f r o m the table that a l l agencies make 
use of the extraction test, 30 using the test i n both f i e l d and central laboratories. 
Five agencies use the test in the f i e l d only, and 15 use the test in the central labora
tory only. Continuing to refer to Table 12-c, i t w i l l be seen that 40 of the 50 report
ing agencies make use of the density test on field-obtained samples. Seventeen use 
the test i n both f i e l d and central laboratories, 11 use the test in the f i e l d only, and 12 
use the test in the central laboratory only. 

Appendix I 
PRIME COAT 

Questionnaire returns indicate that a l l but two of the reporting agencies apply a 
coating of asphalt or tar to the base that is to receive the asphaltic concrete. The 
term "prime coat" is applied to this coating most frequently when a granular base is 
involved and some penetration is expected. The term "tack coat" is frequently used 
when the bituminous material is applied to a concrete base. The te rm "bond coat" is 
also sometimes used. Terminology is not consistent; and since the t e rm "prime coat" 
was the only one used on the question
naires some of those who f i l l e d i n the re - I » I E U . C 

plies may have met with some diff icul ty SS^*™ fSSSiSS°SISi2^ 
in understanding the answers that were nni. «m orin^j^^^^^ ^ ^ ^ ^ 
desired. However, i t is not believed that wStiL" MrLtS'""°'BZ;By 
the confusion was sufficient to seriously 
affect the rel iabi l i ty of the answers. 

The more important features of the re 
turns are summarized and discussed in 
the paragraphs which follow. Details of 
the replies that were received are tabu
lated in Appendix Table 13. 

Test made i n f l s l d laboratory only 

Test nade i n c e n t r a l laboratory only 

Test made m both f i e l d and c e n t r a l 

laboratories 
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BITUMINOUS MATERIAL 
•SrCFES AND ORADSS OF BITUHBKXJS MATERIAL HQBHALLX USED 

The reporting agencies were asked to 
, . . r u l i J 1 i l . 1 i l - Xne and crede of Iluiber of A(eiiele> IlonaUy Usli>s Tn>e and dnde 
l i s t the grades of asphalt and tar that they Biumw.. mteni oo n^i^ a... <>• mgî  a... 

use f o r pr iming bases upon which is to be " g ^ g y I ^ 
placed bituminous concrete, and to ind i - | | 
cate the type and grade of material that f f 
is normally used on flexible base, and on ^ ^ 
r i g i d base. Forty-eight of the agencies kT i I 
make at least some use of asphalt, and * ^ 
20 make at least some use of tar. Two ). 
agencies do not use a pr ime coat. A sum- °^'^.;;"**^* ^ { 
mary of the information that was f u r - \ 
nished by the agencies concerning the ^ \ 
specific types and grades of asphalts and = ^ 
tars normally used is presented m Table ,̂̂ 0 m - i I 
13-a. I t w i l l be noted f r o m the table that S.1 I 
Type MC and Type RC asphalts are used w ^ 
most frequently on flexible bases (Type °°° " ^ " ^ ^ 
MC by 21 and Type RC by 7 of 30 report- •wnoi.. reponios so A 

ing agencies). Type RC and emulsified "^^^ ^ ?r > tban one type and srade of 

asphalts are the types most frequently 
used on r ig id bases (Type RC by 20 and y Beeemne. i ^ e ac 

emulsified asphalts by 9 of 27 reporting 
agencies). Individual grades of asphalt used most frequently are Grades MC-1 and 
MC-0 f o r flexible bases (by 12 and 8 agencies respectively), and Grades RC-1 and 
RC-0 f o r r ig id bases (by 9 and 7 agencies respectively). 

Agencies using tar as a prime-coat material confine i ts use almost wholly to f l e x i 
ble base (one exception). For agencies reporting on the grade of tar used (only f ive 
reported grade), three use RT-2, three use RT-3 and two use R T - 1 . A l l of this usage 
is on flexible base. 

Specifications controlling the characteristics of the various grades of bituminous 
material are, f o r 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 l isted by the AASHO as optional, ten agencies report def
initely 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; f ive i n 
dicate that a negative spot is 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 f lexible bases. The over-a l l l imi t s of application reported range f r o m 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. 

Th i r ty - s ix agencies reported on the unit quantities of bituminous material applied 
to r i g id bases. The over-a l l l imi t s of application reported range f r o m 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 a l l 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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Application Temperature 

A question was asked concerning the temperature at which bituminous pr iming ma
terials are applied, but space was not provided on the questionnaires f o r 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 uni form, so no summary has been made of the information that 
was received. Over -a l l , the reported material temperatures at application vary f r o m 
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 l ikely 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 f ixed 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 unti l the pr ime is "properly cured," "tacky," 
"blotted," etc. Of the 16 agencies specifying a f ixed minimum curing period, 8 speci
f y a minimum period of 25 hr. Other minimum periods reported vary f r o m 1 hr to 7 
days. 

Appendix II 
THICKNESS OF PAVEMENTS SURFACED WITH BITUMINOUS CONCRETE 

In an effor t to assemble some information on the thicknesses of flexible pavement 
that the reporting agencies would be l ikely 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 l ikely to use i f they were to design a pavement 
f o r the area. The natural soi l was listed as an A-6 soi l , the average annual ra infa l l 
was stated to be 32 i n . , and the average annual f ros t 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 i n their method of design. They were 
also asked to furnish designs f o r medium 
and heavy t r a f f i c , providing their methods 
took t r a f f i c into consideration. 

TABLE Ik-a 

aniuia OF B E R R I S D ismm OF DISIB 
OF FIEIIIBU: MVaBIT THCniESl 

DcBiBH Method lS55f— 
of A.TeiicleB 

Design Methods 

Since i t was desired that the reporting 
agencies indicate the thicknesses of pave
ment they would be l ikely to use under the 
conditions of the area of the Test Road, 
i t was also considered desirable to obtain 
general information on the method by 
which they arr ive at pavement thickness. 
However, i t 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 is very 
l imi ted and in some instances probably 
not very precise. 

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

Pest experience 

URB S o i l C l a s s i f i c a t i o n 

CEB (modified) 

CBR 

Hveem S t a b i l i t y Test 

Volume and type of traf**lc 

C a l i f o r n i a liethod 

Coloiado Method 

Hveem Method 

Kansas T r i a z i a l Method 

North Dakota Method 

P I of subgrade s o i l and 
amount of minus No £00 
Bievj material 

CBR and f r o s t penetration 

CBR ^ HRB S o i l Class 

CBR (modified) and Hveem 
S t a b i l i t y Tost 

Ky (CBR) and Ohio (H R B ) 
design curves 

HRB S o u Cl a s s , t r a f f i c , 
drainage end f r o s t 
penetration 

HRB S o i l Class and t r a f f i c 

S o i l p r o f i l e and estimated 
s t a b l U t y of foundation 

HRB Group Indue, t r a f f i c , 
r a i n f a l l , and drainage 

T r a f f i c , r a i n f a l l , grsdation, 
and AtterDurg l i m i t s of 
base and subbosc material 

T r a f f i c end bearuiQ value 

T r l a x U l 

Trlaxlal-modlfled H^eem 

T r a f f i c volume and s o i l tj-pe 

Craaation and plat*, -earing 
t e a t s 

Rational detkimaatlon 
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method used to determine the thickness of f lexible pavements. I t w i l l be seen that the 
replies vary widely, and that many were not sufficiently complete to indicate the over
al l 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
isf ied before the pavement structure can be ej^ected 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

istics are taken into consideration in their designs f o r pavement thickness. Replies 
that were received are summarized in Table l4 -b . I t w i l l again be seen that there 
was a considerable variation m the methods of replying to the question and that the i n 
formation that was received is not complete. However, i t is evident that almost a l l 
agencies give consideration to subgrade conditions and the character of the subgrade 
soi l m 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 soil class A-6 
Average annual ra infa l l 32 in . 
Average annual f ros t penetration 28 in . 

Designs were to be furnished f o r pavements consisting of bituminous concrete placed 
on both flexible (granular) and r ig id bases overlying granular subbases. The agencies 
using design procedures that take t r a f f i c into account were asked to furnish designs f o r 
"medium" and "heavy" t r a f f i c . Twenty-seven agencies furnished complete thickness 

designs f o r heavy-traffic flexible pavement, 
• " ^ 2 8 f o r medium-traff ic , and 10 f o r flexible 

oavement without differentiating as to t r a f f i c . SUIIJUn OF REPORTED UbE Ot SUBGRAUB S O I L C K A R A C I E R X S T I C S 
r . j)Er2aaiii:.c I H L T H I C K T E S S O F F I Z J E I B L E I A V H « E H B 

C h a r a c t L n s t l c s Evalua ted ^ ^ ^ ^ ^ c r a r a c t e r l s t i c s Evalua ted p f A g e ^ t e s 

IIRB S o i l Class Hvt tm s t a b i l c r a c t e r t o s t 
value and s u c l l pressure 

CBR ( m o d i f i e d ) , Hveem s t a b U -
caeter t e s t v a l u e j and 
f r o s t r e a c t i o n 

Fast ejcpLriencc 

T o t o l 

5 

0 

Subgrad.. a o U type 3 

B o s r i n a va lue o r a b U i t y 3 

Sutigrodo s o u c i a r a c t e r l s t i c B d ^''^^ 

SltD Grc-a^ Index J 

D r a u i a b l U t y ^ 

IEL> S o u Class ana CBR d 

Vet eva lua ted £ 

P I and amount o f minus 

I o 2CX> s iwve n a t c r i a l 1 
ShcailAC r e s i s t a n c e and 

expanei /e e A a r s c t c n s t i e s 1 

CBR ( m o d i f i e d ) 1 

nveen . C t h o d 1 

Modulus c f de fo fca t>o - . 

f r o n t r i a x i o l t e a t 1 
fecban icaX aaalyax^ and 

plate.-bearinc vai.ue 1 

S o i l t n - a r d , D u cone « 
va lue 1 

S t a b i l o i e t e i va lue and s U t 
con ten t 1 

Shear s t r e n ^ h t r i a x i o l 
t e s t 1 

p Hunis-rB I n parunthcbea i n d i c a t e the numlier o l agencies s t a t i n g t h a t v a r i a -
ticuss ar.. mado i n o n l y the suboasL t h i c k n e s s as a r e s u l t o f t h e e v a l u a t u n 
o l -uStrade s o i l c h a r a c t e r i s t i c s 

^ Otu. Bucnsy s t a t e s t h a t b o t h bare and aubbase t**iciaiesB a re v a r i e d aa t h e 
baaia o f the e v a l u a t i o n o f sutigrade s o i l c h a r a e t o r i e t i c s 

TABLE l l ( - c 

SIMORY OF TO^L HWEIfi- . TiUCWIESSES LIKELY TO B E J l ^ 
Si THE REPOHTHrfl A G t r c n A UMDHl THE F O L M H I * COHDITIOIIS 

Granular aubbase and base, b i tuauaous ccncre te a u r f a c t 
Subgrade s o i l c laea A-o 
Average annual r a i n f a l l 3̂  
Average annual f r o a t p e n e t r a t i o n "> 

' I ' o t a l In icxnesa i / 
Mo T r a f f i c 

D i f f e r e n t i a t i o n 
H e a v y - T r a f f i c 

^ r e a c n t 
iiecLium-'iTBi 1 i c 

Fa /e ren t 
I n c ^ s inches Inched 

5;16 

11̂ 27 
16 
U (2) 

22l 

Averaoe ] 
T o t a l eeencies 10 

6-18 

10 
U 

11+'-23 
15 
15 . -2W 
17 ( 2 ) , 
17^-23i 
18 
18- i » ; 
19- ^ 
20 

Sj-28» 
2 i ; 
A (2) 
27 
27-39 

32-38 
37 

0 / e r a l l range 8-39 i n 
Average 21 5 m 
T o t a l atsenoieo df 

S-18 

101-15' 
l i (2), 
l l ' - 2 0 ' 

l u 

t i t 
i9;-25; (2) 
21 (2) 
21-27 
21-33 
22 
28 

O v e r a l l range 5-3t'l I n 
Average l £ 9 m 
T o t a l agencit 8 ^ 

1/ Only a f e . agencies r e p o r t e d I d e n t i c a l th icknesses o r th i ckness r a r „ e s 
Where the sosiel i n u r e s were r e p o r t e d by more then one egency, t h e number 
o f sgencies i s i n d i c a t e d by t h e f i ^ J i r e i n parentheses f o U o w l n g the 
t h i c k n e s s va lue 
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Bltuminaua concrete surface 
Subgrade s o i l c l a s s A-6 
Average annua r a i n f a l l 32 i n 
Average annual f i o s t penetration 28 i n 

Thickness Reported V 
Ho T i a f f l c Heavy-Trafric pe(ltuu.^rafflc 

D i f f e r e n t i a t i o n i/ement taw ement 

inches inche 
IBBASE 

inches Incbce Inches 

p-13 0-6 9 (2) 0-10 9 
lt-6 o-l<: 10 0-12 10 
h-La 0-l8 M i 0-13 12 (3) 
6 (a) 3-13 12 (2) 0-18 12-1I» 
6-18 h 12-13 3 12-15 
8 5+ 12-20 l>-6 l l t j 
11 6-9 13 5 15 
1^ 6-10 15 6 18 1^ 

7 ^ 17 6-9 l8-2lt 
e 15-20 6-12 
8-i.a 20 6-15 

2l> 7 (2) 
8 24-36 
7 (2) 
8 
8-12 

Overall range 0-l8 i n Overall range 0-36 I n Overall range 0-2̂ ^ I n 
Average 8 3 i n Avera{ te 11 8 m Average 9 8 I n 
Total agencies 11 Total agencies ^6 Total agencies 26 

5-0 

Overall range <;-10 i n 
Averafle 5 It i n 
Total agencies 1<£ 

i-P' 

5-lB 
6 (3) 

6~U0 
T 
8 (1.) 
9* 
u> (3) 
10-H 
12 (2) 
12-21 
24 

2 (2) 6-lD 

5-18 8-10 

Is 
Overall range 2-2b i 
Aversge 8 0 i n 
Totel Bgencles 30 T o t s l agencies 29 

Host of the tblcknesses that are l i s t e d were reported by only one egency 
Where more then one agency reported I d e n t i c a l thlckneases, the number of 
egencles reporting appears I n parentheses following the thickness figure 

Only 11 agencies furnished complete 
thickness designs f o r rigid-base pavement. 

Total Thickness-Flexible Base. The 
total-thickness figures that were report
ed f o r the flexible-base pavement are 
summarized in Table l4 -c . I t w i l l be 
noted that almost as many different thick
ness figures were reported as there were 
agencies reporting. The figures f o r total 
thickness that were reported range f r o m 
5 to 27 in. f o r the agencies that do not 
make a distinction on the basis of t r a f f i c ; 
f r o m 8 to 39 in. f o r heavy-traffic pave
ments; and f r o m 5 to 88/2 in. fo r med
ium- t ra f f i c pavements f o r agencies that 
take t r a f f i c into consideration in their de
sign procedures. About three-quarters 
of the agencies reporting thickness de
signs without considering t r a f f i c l isted 
figures within the l imi t s of 11% and 19 m. ; 
about three-quarters of those reporting 
f o r heavy-traffic pavements listed figures 
within the l imi t s of 14 and 29 i n . ; and 
about three-quarters of those reporting 
f o r medium-traff ic pavements l isted f i g 
ures withm the l imi t s of 9 and 25% in. 

I t is not believed that the wide variation in thickness as determined by the different 
design procedures in use is attributable entirely to differences in the procedures. I t 
I S known, f o r example, that the information that was given concerning the subgrade 
soil was insufficient f o r many agencies (although i t was a l l that was available at the 
t ime), 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 t r a f f i c " and "medium t r a f f i c , " and perhaps in some instances the 
extrapolation in procjedures not developed to cover the specified conditions of ra infa l l 
and f ros t , could be expected to cause fur ther variation in results. The fact that many 
of the agencies chose to report ranges m thickness rather than a specific thickness is 
a good indication that they considered the information that was given as being insu f f i 
cient f o r designing by their procedures. 

A comparison of the ratios of the bituminous concrete surfacing to the total thick
ness f o r 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 f o r use with a bituminous-concrete surfacing 
under the conditions of soi l , climate and t ra f f i c that have previously been listed are 
summarized in Table l 4 - d . I t w i l l be noted that here again the thicknesses determined 
by the different procedures used by the reporting agencies vary considerably. The 
agencies are, however, m better agreement on base thickness than on either subbase 
thickness or total pavement thickness. 

The reported subbase thicknesses range f r o m 0 to 18 in. and average 8. 3 in . where 
no differentiation is made as to t r a f f i c . For heavy-traffic pavements, the reported 
subbase thicknesses range f r o m 0 to 36 in. and average 11. 8 in. For medium-traff ic 
pavements, the reported subbase thicknesses range f r o m 0 to 24 in. and average 9. 8 in. 

Reported base thicknesses range f r o m 2 to 10 in. and average 5. 4 where no d i f f e r 
entiation is made as to t r a f f i c . For heavy-traffic pavements, the base thicknesses 
range f r o m 2 to 24 in. and average 8. 0 in . For medium t ra f f i c pavements, reported 
thicknesses range f r o m 2 to 18 in. and average 6.4 in . 

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 l4-e where the reported data are summarized. 

Reported total thicknesses for the bituminous surfacing range from 2% to 5% in. 

TABLE Ik-e 

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

Bituminous concrete surface, granular base and subbase 
Subgrade s o i l c l a ss A-6 
Average annual r a i n f a l l 32 i n . 
Average annued frost penetration 2d i n . 

Thickness Reported l / 
No T r a f f i c Heavy-Traffic Medium-Traffic 

Differentiation Pavements Pavements 

inches 

3 (2! 

5i 

Overall 
Average 3.5 i n . 
Total agencies 12 

5 i i n . 

OF BITUMINOUS CONCRETE 
inches 

2 (2) 
2i (5) 
2i-3 

-5 i n . Overall range 1-
Average 3.0 i n . 
Total agencies 28 

THICKNESS OF BINDER COURSE 2/ 

l i (2) 4 (9) 
1.7 
1 3/h 
2 (6) 

h 
Overall range 1-^ i n . 
Average 1.8 i n . 
Total agencies 22 

THICKNESS OF SURFACE COURSE 2/ 
1 (5) 

inches 
1-3 
2 (5) 
2i (9) 
3^(9) 

Overall range I-55 i n . 
Average 2.7 i n . 
Total agencies 29 

If 
l | (3) 
2 (3) 
2i (2) 
k 

Overall range 1-k i n . 
Average 2.0 i n . 
Total agencies 

0-2 
1 (2) 
1^ (3) 
I f (9) 
1 3/'̂  
2 (5) 
2-l^ 

Overall range 1-k 
Average 1.6 
Total agencies 22 

l | (6) 
i i - 2 
2 (2) 

Overall range 1-2 i n 
Average 1.6 i n . 
Total agencies 11 
F 

1-1 

1.3 
l i - (10) 

Overall range 1-2 i n . 
Average l.k i n . 
Total agencies 22 

1 (8) 
I f (5) 4 (9) 

Overall range 1-1^ i n . 
Average I.3 i n . 
Total agencies 22 

2/ 

Many of the thicknesses that are l i s t e d were reported by only one agency 
Where more than one agency reported identical thicknesses, the number of 
agencies reporting appears i n parentheses following the thickness figure. 

The binder-course and surface-course thicknesses that are l i s t e d are for the 
agencies that reported thicknesses for both. Six agencies reported surface 
thickness only, and these are tabiilated as t o t a l thickness. 
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and average 3. 5 in. 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 furnished thickness designs for 
pavements consisting of bituminous concrete placed on a rigid base (and, in most of 
the designs furnished, 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% in. 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 is little descernible difference in the proposed 
subbase thicknesses insofar as traffic conditions are concerned. 

Su^ested 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 lO-in. rigid base for heavy-traffic pavements recommends 9 in. for medium-
traffic pavements. Otherwise, there is little difference in the recommended rigid-
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-in. 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-in. thickness of bitu
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 agencies. 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 
FIME AGGREGATE FOR BITUMINOUS CONCREJTE MIXTURES 

Agency 
Natural Stone 
Sand 'screen

ings 

Kinds of Material Ueed 
Cr Gravel 
Screen
ings 

Stone 
Sand 

Mine 
iTall-
ings 

Slag 
[Screen-

Volcanic 
I Cinders 

Angularity 
|Nat Sand of i t o t i c l e s 
Screen- In Speclfi-

ings Specs cation 

Ala 
Ariz 

No 
No 

2/ 

3 Ark X X 1 No 
It C a lif X X X No 
5 Colo. X No 
r Conn X X Yes looji rougt-

& angular 
7 Del. X Yes Stone 

screenings 
B D.of C. X X No 

Fla X X X ^ 1 No 

10 Ga. X X No 
11 Idaho X X No 
12 111. X X X X No 

13 Ind. X X X X X No 

lit Iowa X X 
1 
No 

15 
1 

Kans X X X 
1 

No 

16 Ry. X X X No 30-50?. 1 Ry. angular 
1 17 l a . X X No 
• 18 Me. X X No 

19 m X X X X No 
50^ max SO Mass. X Yes 50^ max 
screenings 

' Si Hleh. X X No 
22 Minn X No 

23 Miss X X X X i No 
2lt Mo. X X X No 

50-75* 25 Mont. X X Yes 50-75* 25 Angular 
' 26 Nebr X Ho 

27 Nev. X X 1 No 

1 28 N.E. X X Yes 50* natura 
sand 

i 29 N.J X X No 

' 30 R.M. X X X X No 

31 N.Y X X X No 
32 N.C. X X X No 
33 N.Bak. X No 
•Kh Ohio X X X No 

35 Okla. X X X X No 
36 Oreg. X X X No Moderately 36 Oreg. 

sharp 
37 Pa. X X X X No 

38 R.I. X No 

39 S.C. X X Ho 
itO S.Dak. X No 
hi Tenn X X X X No 

1)2 Tex. X X No 
••3 Utah X X X No 

Vt. X X N.I 
1*5 Va. X X X No 

l>6 Wash. X X X No 

li7 W. Va. X X X X No 

It8 Wise. X X No 
Wyo. X No 

50 Ontario X X X X No 

1/ Stone for sand and screenings , 10 cycles of testing Nag soil., loss not to exceed T^j Mg SOl̂ , los 
2/ Mlninum of 30 percent of t o t a l aggregate must be coarse« sharp concrete sand. 
Note* Whenever the phrase "Not specified" Is used In this and follotfxng tahles. I t means that the n 
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Limitation of Deleterious Materials 
1 Organic [ | Finer ' ; 
•VcTetable ' Clay 'ciay . than No Coal j ! 
1 Hoots, Loam !Lumps 200 or 1 Soft | Lignite i Shale[Cemented 
[ Etc 1 1 1 Decanted | , 

1 Undif-
Other t feren-

1 tiated 

1 
Total 

Allowable 
Soundness 
Method 
of Test 

Requirements 
Specified 

tfaxinium Loss 
1 ^aiiovabie percent snovn when speciried; 
1 0 5 0 5 1 1.0(mica, a l k a l i ) 3 

1 12 (FT 5-) 0 5 (cinders 1 12 
clinkers) 1 1 X 5 

No specific requirenent 
I No specific requircTtent 

Ipercent; 
Nag SOU 10 

Not specified 
Not specified 
Not specified 

L A. wear on parent mtrl - I4.5 ir 

Ho specific requiTBTient Not specified 
0 None ' Nag SOU 12 
0 None I Not specified 

6 6 Not specified 
Mot specified tor If h seperately (LL 3 5 - , PI 6 - ) 

1 1 1 3 

0.2 X 2 5 

3 

1 1 5 5 

Hot specified 
Nag SOU 10 

Nag SOU 
Freeze-Thav on (l6 cycles 
Parent Material 25 
Special Loss Ratio 
Freeze-Thaw O.85-

1 1 1 3 

0 0 0 None 
0 None 

1 1 3 5 
0 0 None 

Nag SOU 0̂ 

Not specified 
Not specified 

Nag SOU 15 
Not specified 

X 5 

0 0 None 
3 (AASffi) M-79 used with slag and stone screoninGs) 3 

3 3 
0 0 0 0 none 

Not specified 
Not specified 
Not specified 
Not specified 
Not specified 

1 X X X X ( a l k a l i ) 
X X 3 

Quantity of deleterious material must be negligible 
0 0 0 0 0 (mica; sal t ) 0 None 
0 0 None 

(adobe) 

Nag SOU 15 

Not specified 
Not specified 
Not specified 

Hg SOU ^ 
No specific requirement 

0 0 0 8 0 8 
15(of minus No. 10 fraction) 12(of t o t a l mixture) 

0 0 None 
0.1 1 1.1 

X X 2 

Not specified 
Not specified 

Nag SOU 
Not specified 
Not specified 

0 None 
0 0 None 

No specific requirement 
0 0 None 

0 5 3 3 0.5 5 

Nag SOU 
Mg SOU 

Not specified 
L.A. wear - U5 max. 
Swell T-101 - 13 max. 
Nag SOU 12 
on Stone Sand 

No specific requirement (PI 6-) 
X Free of ezcessire quantity x(disintegrating) 

0 0 None 
0.25 1 1 1 (mica) 1.25 

No specific requirement 

Not specified 
Nag SOU 12 

Nag SOU 8 
Preeze-Thaw I5 cycles - 8 
Mg SOU 5 cycles - 8 

Not specified 

X 3 X 

0 0 0 0 None 
0 None 

No specific requirement 

Nag SOU 10 

Hot specified 
Not specified 

Ms SOU 16 

not to exceed 12%. fbturalsand, xo cycles of testing: Nag SOÛ  lose not to exceed B$, Mg SOU; loss not to exceed 22%. 

porting agency does not have a specification requirement covering the item l i s t e d 
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TABLE 1 (continued) 

Specified Gradation lamits 1 

Binder Course Material 

3/8" Mo. k Mo. 8 No. 10 Ho 16 1 Mo. 20 1 Mo. 30 Mo. ho Mo 50 No So 1 Mo. 100 1 Mo. 200 3/8' 

Not specified 
Not specified 
Not specified 
Not specified. 

Same as surface course 
~ 0 ^ 95-100 

Hot specified 
Seme as surface course 

Not specified 
Hot specified 

95- Passing and retained 
100 - - - 0-20 t- 25-70 + 

Sane as s u r f ^ e course 
Not specified 
Mot specified 

20-70 
-0-

- H ^ 5 

90-
100 

75-90 5-35 

Mot specified 
Same as surface course 

Not specified 
Same as surface course 
Same as surface course 

Passing 8B retained 
100 98-100 k 20-65 

Not specified 
Not specified 

Binder course gradation not reported 

Saiae as surface course 
Same as surface course 

Not specified (except No. 200) 

Same as slu-faee course 
No binder course uBed 

0-15 

Not specified 
Not specified 
Not specified 

No binder course Tised 
Not specified 

Same as surface course 

100 100 kO-BO 20-60 5-to 

Mot specified 
Hot specified 
Not specified 

0-10 

0-5 

Not specified 
Hot specified 
Hot specified 
Not specified 

100 [< 
Same as surface course 

Not specified 
Not specified 

4^ -15-^5 -10-35 

95-
100 

70-
100 

#11* 
Uo-90 20-70 10-40 3-15 0-7 I 100 
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195* Pmctlce 

or Fine Aggregate 

Surface Course Ifaterlal 

No. 1) a I Ho. 10 I Ho. 16 I Mo. go I Mo. 30 I Mo- to Ho. 50 I Ho, Ho. 100 I Mo. aoo 
except when stated otherwise; 

Hot specified 

Hot specified 

Hot specified 
Hot specified 

ga-Mt !hdj!_ 

Ark. 
Calif. 
Colo. 

95-100 

98-1001-. 0-15 • 

Hot specified 

1*5-80 
Passing and retained 

H - 15-50 
Hot specified 

10-30 

30-60 >W 15-1(0 — 15 

95- , 
100 k — 0-15 

0 |.o-io — 1 5 - 3 5 

Hot specified 
FEtsBlng and retained 

15-50 ^ < 
Basslng and retained 

g5-65 
Hot specified 

Hot specified 

20-60 • - [ < 15-35 - J u t 

5-35 1-10 4 / 

90-
100 

75-90 itO-80 5-35 0-15 0-10 

100 

Hot specified 
Passing and retained 

15-110 -ji 

75-90 35-65 

2g-53 + 15-35 -

15-30 5-12 

Easing and retained 
loop 0-5 - >f' 5-35 h-
98- Passing and retained 
100 h 8-25 -i- - 15-50 - --f 

Not specified 
Hot specified 

98- Passing and retained 
look - 0-15 >r 15-50 

-30-60 — 4 — 1 5 - 3 5 -
I f-O-

22-65 ^ J AO 8 

-10-60 15-ito J < ^ ° 

5-ito 
100 

16 retained 
1(5-70 60-85 

95-100 

Hot specified (except Mo. gOO) 
55-75 

90- 95-
0-12 

0-5 -4^ 
Passing and retained 

6-30 + • - 15-112 
Mot specified 

25-50 

0-15 

4 f 20-1(0 J< J2-35 >P"5 

90-
100 

65-
100 

1(0.85 

25-1(0 

Not specified 
Hot specified 
Mot specified 

gO-60 

Mot specified 
^ retained 

7-1(0 0-15 0-7 

90-100 

100 [.-O' 

100 

•10 

85-98 65-90 
Passing and retained 

15-1(0 30-60 • 
Hot specified 
Hot specified 

Mot specified 

1(0-75 5-30 0-6 

4 - — 5-35 —>l<-5-20 

S.Dak 

Not specified 
Hot specified 

Mot specified 
Mot specified 

- 5 5 ^ 
100 

95-
100 

Passing & retained 
— 30-55 -20-50 ^ i ' 10-30 

80-95 

80-
100 

50-85 

55-90 

Hot specified 
Mot specified 

35-70 

5-25 

I5-I1O 

0-7 

5-15 0-5 

wise. 
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TABLE 2 
COAEiSE AGGREGATE FOR BITUMINOUS CONCRETE MIXTURES 

Agency 

Kinds of I h t e r l a l Used 

(Crushed CTUSbed 
Stone 

Czxislied 
Slag 

Vol
canic 

Cinders 
Hlne ICruBhed 
Chats I Boulders llava 

1 AH. 
2 Ariz. 
3 Ark. 
It Calif. 
5 Colo. 6 Conn 
7 Del. 
8 D. of C 
9 Fla. 

10 Oa. 
J.1 Idaho 
12 111. 

13 Ind. 
l i t Iowa 
15 Kans. 

16 ^ . 
17 l a . 

IB He. 

19 Hd. 
20 Ibss. 
# 1 Mich. 
22 Minn. 
23 Miss. 

2lt Ho. 
25 Mont. 
26 Hehr. 

Uncruahed 
r.r.T.l Particles Test 

Method 

Ho 
Yes 
No 
Yes 

Yes 

.A. 
A. 

Deval 

Y i i ^ 
No 
Ho 
No 
No 
Yes 
No 

50 
"30-

L.A. 
L.A. 
L.A. 

L.A. 
L.A. 
L.A. 

Yes 

Yes 

Barely 
Yes 

(Total ) 
50 

(Total aEg.) 

iio 
(Plus No.lO) 

L.A. 

L.A. 

L.A. 

L.A. 
Deval 

Yes 
No 
No 
Ho 
Yes 

Yes 

50 

30 

Wear Bequlrements 
AUomhle 
Percent Loss 

1.8 
liO 

6 stone 
15 gravel 

50 

JtL. 
T 5 -
ito 
1*0 
ItO 

60 
llO 
35 

Method 1 / 
of Test 

Hag SOI, 
N< 

Naa soil 

L.A. 
L.A. 
L.A. 
L.A. 
L.A. 

L.A. 
.Deval 

1*0 t o 1*5 

1*0 

1*5 

35 
7 stone 
15 gravel 

Hag SOU 
Hag SOl, 

Hot 
Ha2 SOI* 

Freeze-Thaw 

T o 
1*0 

30 t o 35 
32 
35 

1*0 stone&slag 
35 gravel 
6* ( r r . coefJ 

Has SOI* 

Freeze-Thav 

Freeze-Thaw 

Hb2 SOI* 

Mg SOI* 

Nea soil 

27 Hev. 
28 N.E. 
29 
30 
31 

H.J. 
H.H. 
H.Y. 

3a ».e. 
33 H.Dak. 
31* Ohio 
35 Okla. 
36 Qreg. 

37 Pa. 
38 B.I. 
39 S.C. 
ItO S.Dak. 
1*1 Temi. 
1*2 Tex. 
1*3 Utah 
1*1* Vt. 

"•5 Va. 
1*6 Wash. 
1*7 
1*8 

W.Va. 
Wise. 

1*9 Wyo. 
50 Ontario 

Yes 
Yes 
Ho 
Yes 
Yes 
Yes 
No 

25 

50 

50 

LA. 
L.A. 
L.A. 
L.A. 
I Deval 
L.A. 
iDeval 

1*0 

37 
1*0 

3 . 5 
50 

5.7 

Hot 
Not 

Yes 
Yes 
Yes 
Yes 

60 

1*0 

A. 55 
No specified roqm'nt 
No specified reqm'nt 
L.A. 1*0 
L.A. 30 

Hg SOI* 
Naa SOl* 
Mg SOI* 

Not 
Not 

Hsa SOl* 
Not 
Not 

L.A. 

Yes 
No 
Ho 
Yes 

Yes 
Ho 

25 

30 

IL.A. 
L.A. 
L.A. 
L.A. 
L.A. 

10(100 rev.) 
35(500 rev.) 

!iO -So" 
1*5 
1*0 
1*0 

Na2 SOI* 

Mg SOl* 
Hot 
Hot 

L.A. 1*0 
Deval 5 Btone 

16 rravel 

Yes 
Ho 
Yes 
Ho 
Yes 

25 

50-

i*o 

L.A. 
L.A. 
L.A. 
L.A. 
L.A. 
L.A. 

9 (100 rev.) 
3j ( 5 0 0 r e v . j 

30 
1*0 
50 
50 
35 

Ha2 SOl* 

Nag soil 
Nag soil 
Mg soil 
Freozo-i'haw ] 

Not j 
Nag soil 

Not I 
Not I 

Mg soil 

1/ Where the Ha2 SOli (sodium sulfate) or Mg SOli (mgneslun sulfate) tests are indicated, a 5-cycla exposure i s used except where I 
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TABLE 2 (continued) 

Bequlrenents 
S j a c i f l e d T ^ 
Majanum 
(percent) 

10 
specified 

12 
specified 

specified 

Organic, 
Vegetable,] 
Hoots.Etc 

Clay 
Loam 

Clay 
Lumps 

f i n e r Than| 
No.200 or 
Decanted 

LUdtatlon of Deleterious Materials 

Coal 
iLlgnlte 

Shale Elongated 

0.25 

1 

0 .5 

(allcwable percent shoim vbem specified) 

0.25 
No specific requirement 

No specific requirement 

No specific requirement 
specified 

12 
12 

15 
specified 

15(5 cycOae) 
15(50 cycles), 

0.03 
O ( a i r t ) 

No specific requirement 
No specific requirement 

0.05 

0 .5 

1.25 10 1 0 .5{clnders) 
l.O(shells) 

2 . 5 5 1 
No specific requirement 

20 

10(16 cycles ) 

0.85 Loss Ratio 

0.2 

0 .5 

2 0 .5 

2 

3 

0 .5 

l.O(ochsr) 
l.O(shells) 

15 
specified 

1 2 2 

15 
specified 

12 

12 

specified 

0 

1 5 1 1 3 
0(cr.gravel) 

3 15 
0 ( i n cr. stone) 
3(lron Qxide)(in cr.gr.) 

X X X x ( c l n d e r B ) 

0.25 1.0(& shale) 8 x 
specified 

0.90 Loss Bat 

specified 
specified 

12 
7(10 cycles) 

12(10 cycles) 

0 0 0 
.0 1 X X X X z(al]cali) 

Quantity of deleterious material must be negligible 
2 3 

0 O(adobe) 
No specific requirement 

specified 
specified 

12 
specified 
specified 

10 

12 

0 0 
0 12(of t o t a l aggregate) 

0.25 1 3 1 2 . 5 
0 .1 1 3 5 

O(dlrt) 0 

0 .25 2 2 1 1 lt(glassy i n slag) 
2 ( i r o i i i n slag) 

0(dustl 0 specified 
specified 

12 
specified 

12 
8 

0 0 0 
0 0 

0.25 1.25 5 1 
2(PI +6) 
lt(PI - 6 ) 

No specific requirement 
X X X x(sehlst) 

8( 5 cycles) 
8(15 cycles) 

specified 
12 

specified 
specified 

12 

0.25 0 . 5 

0 
0.25 1 1 

0 0 0 
0 0 

No specific requirement 
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TABLE 2 (continued) 

Undlf-
ferent- Total 
lated Allotfoble 

Other 
Beouiremf^ta 

Tt-lTiAtf-p nmrrSR HatRr-lal Undlf-
ferent- Total 
lated Allotfoble 

Other 
Beouiremf^ta 2" 11-1/2" l l - l A " l 1" l 7 / 8 " l 3 / r r 5 / 8 " T 1 / 2 " ! 3/8" 

2 3 

5 

Non - stripping 

Loss In vetshot r a t t l e r 
50 percent max. ( t o t a l agg } 

(percent 

Not specified 
Not specified 
Not specified 

Not specified 

Not specified 

0 None 
10 

1 

5 

Washed C.A. 

Dust Batio -65?t; PI - 6 , LL -25 

Not specified 
Not specified 

100 95-100 60-80 25-60 
100 97-100 20-35 

100 90-100 20-55 
Not specified 

100 95-100 80-95 30-55 

7 

6 .5 

5 

5 
0 None 

Max. Water Abs. k.Ojlt 

1 Percent Retained 
1 0 0-15 ^ - 8 0 

Not specified 

Not specified 
100 90-100 30-60 

Not specified 

0 Nona 

5 
None 

18 
X None(cr.stone) 

3(cr.gravel) 
X 5 

z 6 

Surface course loaterial 
100 percent crushed 

HinimuiB s t a b i l i t y specified 
for each project 

Not specified 
Not specified 

100 90-100 30-50 
100 45-65 0-25 

Same EIS surfiace course 

Not specified 

Not specified 0 None 
Free of i n j u r 
ious quantity 

5 10 
None 

Clean and durable 
Max. Water Abs. 3,2<f, 

Not specified 
Same as surface course 
Same as surface course 

Not specified 
100 20-50 0-15 

No binder course used 
Not specified 

0 None 

5 
9 .1 

0 None 

2(8bale, clay 
lumpBj 

None 

Toughness - 6 
Deval abrasion - 5 

Not specified 
Not specified 

No binder course used 
Not specified 

Same as sinrf&ce course 

100 90-100 25-60 

100 95-100 0-15 
None 
TStXIB 

5 

5 

Swell AASHO T-101 

LL 30 - , PI 6-

Not specified 
Not specified 
Not specified 
Not specified 

Not specified 
Not specified 

0.75 

None 

0 None 
0 None 

Breakage Factor 35-

Not specified 

Not specified 
100 95-100 35-70 10-30 

Not specified 
Not specified 

100 65-88 50-75 35-60 15-35 
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TABLE 2 (continued) 

195l( Practice 

Specified Gradation Id. Dlts for Coarse Aggregate Agency Surface Course Jfat-wTlal „. . Agency 
1 No. 1(1 Ho. 8 | Ho. 10 1" 1 3/l(" ' 5/8" 1 J , /2" 1 3/8" !NO. lt<Vo. 8 ' Bo. 10 1 Ho. 16 1 Mo. 20 1 Ho. 30 1 Ho.200 

Agency 

by weight passing each sieve, except when stated otherwise) 
Hot specified 
Hot specified 
Hot specified 

Mot specified 

Hot specified 

1 Ala. 
2 Ariz. 
3 Ark 

k Calif 

5 Colo. 

0-10 0-5 
0-3 

0-10 0-5 

0-15 

Not specified 
Mot specified 

100 65-100 10-30 0-10 0-5 
100 90-100 1(5-85 25-60 0-8 

100 90-100 20-55 5-30 0-10 
Not specified 

100 95-100 20-50 0-5 

6 Conn. 
7 Del. 
6 D of C. 
9 Fla 

10 Oa. 
11 Idaho 
12 111. 

95-100 98-100i 

5-25 0-5 

1 Percent Betairpd 1 
1 0 5-25 70-95 95-100 1 

Hot specified 

Not specified 

100 80-100 10-30 0-5 0-3 
Mot specified 

13 Ind. 
Ik Iowa 

15 Kans. 

16 Ky 
17 l a . 

5-15 0 
0-10 

Hot specified 

Hot specified 
100 80-100 30-50 0 

100 90-100 10-25 0-10 
100 95-100 1(0-70 0-g5 0-5 

Mot specified 

Hot specified 

18 Ha. 
19 Hd. 
20 Mass 
21 Hicta. 
22 Mum. 

23 Miss. 

Zk Ho. 

0-5 

Hot specified 
j Percent Retained 1 
lo 0-10 30-65 80-100 90-100 95-1001 

95-100 35-55 "-5 
Hot scecified 

100 60-85 15-35 0-5 0-2 
Hot specified 
Not specified 

25 Hont. 
26 Mebr. 
27 Hev. 
28 N.E. 
g9 H.J. 
30 H.M. 
31 H.T. 

0-10 0-5 

Hot specified 
Hot specified 

100 95-100 65-90 35-65 0-15 
Hot specified 

1 ^ Betained 1 
lo 25-1(0 90-1001 

100 75-100 10-30 0-10 

100 75-100 0-15 0-5 

32 M.C. 
33 M.Dak. 
3l> Ohio 
35 Okla. 
36 Oreg. 

37 Pa 
38 B.I. 

Not specified 
Not specified 
Not specified 
Hot specified 

Mot specified 
Mot specified 

39 S C. 
kO S Dak. 
1(1 Tenii. 
1(2 Tex. 
1(3 Utah 
kk Vt. 

0-5 

0-10 

Not specified 

Not specified 
100 65-100 20-1(0 0-10 

Not specified 
Hot specified 

100 83-100 50-70 0-10 

1(5 Ta. 

1(6 Wash. 
1(7 W.Va. 
1(8 Wise. 
1(9 Wyo. 
50 Ontario 
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TABLE 3 
MHJERAL FILLER FOR BITUMINOUS CONCRETE MECTUEES 

Agency 
L l n e -
Stone 
Dust 

Kinds o f M a t e r i a l 
P o r t  Min I n e r t 
land e r a l Stone M i n e r a l 

Cement DUBt Dust Matter 
other Types 

S p e c i f i e d Oradatlon LUnlte 
No.10 I No 
(pe r c e n t 

> 30 fKo . l t O J N0.5O |No.80 |Mo 
by v e l g h t f i n e r than each s i e 
except when s t a t e d otherwise 

A U . 
A r i z . 
Ark. 
C a l i f . 
Colo. 
Conn. 

N o n p l a s t i c , nonhydrophillc 

Hydrated lime 
Hydrated lime 

100 95-100 
Not s p e c i f i e d 

100 
100 
100 
100 95-100 

No m i n e r a l f i l l e r r e q u i r e c 
100 95-100 
100 95-100 

7 D e l . 
8 D. o f C 
9 F l a . 

10 Oa. 
11 Idaho 

No m i n e r a l f i l l e r r e q u i r e d 

S p e c i a l approval f o r I n e r t 
m i n e r a l matter 

100 90-

^ 
(percent retaln£ 

0-5 
95-100 

95-100 

12 111. 
13 I n d . 

l i t lovia 
15 Kans. 

16 I ^ . 
-rr-sT 

other types oh approval 
F l y a s h 

Chat sludge 

0 
100 

18 He. 
19 m. 

\ 20 Mass. 

21 Mich. 22 Mlmi . 

23 ttiss. 
2lt ho. 
25 Mont. 
26 Nebr. 

S h e l l dust 

F l y a s h 

95-100 

100 
100 85-

stone f l o a t or c o l l e c t o r 
d u s t on s p e c i a l permission 100 

100 
Ho 20 

100 95-100 
100 
100 
100 

N a t u r a l s o i l 

80-100 
95-100 

85-
(percent r e t a i m 

-0=5 
27 Nev. 
28 N.H. 
29 N.J. 
30 N.M. 
31 N.T. 

B a s a l t r o c k dust 

F l y a s h 

F l y a s h 
Diatcnaceous e a r t h 

100 
100 

95-100 

Any approved m a t e r i a l Not s p e c i f i e d 
100 85-100 

95-

32 H.C. 
33 N.Dak. 
3lt Ohio 
35 Okla. 
36 Oreg. 
37 PB-
38 B . I . 

100 95-100 

No m i n e r a l f i l l e r r e q u i r e d 
N a t u r a l s o i l 

V o l a n i c a s h 
No m i n e r a l f i l l e r r e q u i r e t 
Not s p e c i f i e d 

100 95-100 
100 

100 90-100 
39 S.C. 
ItO S.Dak. 
I t l Tenn. 
>t2 Tex. 
It3 Utah 
Itlt V t . 
US Va. 

S i l t 

S h e l l dust 

T a l c dust 

100 

100 
100 
100 

100 

Any approved m a t e r i a l 

95-100 

95-100 

95-100 
Ite Wash. 

It7 W.Va. 
It8 Wise. 
U9 Wyo. 

50 Ontario 

O o t t r e l l f l o u r 
B a s a l t r o c k dust 

Any approved m a t e r i a l 
Minus Ko.lt s i e v e 
f r a c t i o n 

100 
100 85-100 

Not s p e c i f i e d 

100 

90-
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TABLE 3 (continued) 
1954 E r a c t l c e 

no . 2 0 0 
" s i z e . Bemarks Agency 

65-100 

75-100 
75-100 

75-100 

AASHO MI7-U2 g r a d a t i o n 

Gradation continued- 0-25 percent f i n e r than .005 nm-
Gradation continued 25-100 percent p a s s i n g Ho 270 s i e v e 

1 A l a . 
2 A r i z . 
3 Ark. 
It C a l i f . 
5 Colo. 
6 Conn. 

65-100 
65-100 

65-100 

AASHO MI7-IC g r a d a t i o n 
AASHO M17-42 gradation 

P I 6-, U, 2 5 - ; Dust H a t i o l e s s than 65 percent 

7 D e l . 
8 D.of C. 
9 F l a . 

10 Ga. 
11 Idaho 

65-100 

0 - 3 5 
65-100 

100 

65-100 

AASHO M17-'t2 g r a d a t i o n 
AASHO M17-U2 g r a d a t i o n 
M i n e r a l f i l l e r (minus No .200) present I n crushed aggregates of t o t a l mix ac c e p t a b l e , m i n e r a l f i l l e r i n 
uncruBhed aggregates of t o t a l mix a c c e p t a b l e provided t h i s p o r t i o n of f i l l e r does not exceed 50* o f t o t a l . 
AASHO W - t e gr a d a t i o n 

12 111. 
13 I n d . 

l U Iowa 
15 Kans. 

16 Ky. 
65-100 

65-100 
65-100 

65-100 
75-100 

GradatlOT continued 60 -100 percent f i n e r t h a n . 05 nm, 30-60 percent f i n e r than .020 ma, 10 -25 percent 
f i n e r than .005 mm; 2 - 1 5 percent f i n e r than .001 mm. 

F l y a s h - F r e e carbon 7-12 percent Minus Ho. 200 m a t e r i a l - 15 t o 60 percent l e s s than .01 mm. s i z e . 

17 l a . 

18 Me. 
19 Md. 
20 Haas. 

21 ttlch. 
60-100 
65-100 
75-100 
65-100 

0-20 

AASHO M17-lt2 gradation 
Gr&datlon continued, 3O-IOO percent p a s s i n g No. 325 s i e v e . 

22 Minn. 

23 Miss. 
2U Mb. 
25 Mont. 
26 Rebr 

S5-100 
S5-100 
35-100 

S5-100 

AASHO M17-l(2 gradation 

P I 6 - , L L 2 5 -

27 Nev 
28 M.E. 
29 N.J. 
30 N M. 
31 H.T. 

55-100 
ltO-100 

55-100 
57-100 
rs-loo 

AASHO M17-te g r a d a t i o n 

Gradation continued 0 -20 percent f i n e r than .005 mm. 

AASHO M17-te gradation 

32 H.C. 
33 H.Sak. 
3k Ohio 
35 OkU. 
36 Qreg. 
37 Pa. 
38 E . I . 

•0-100 
SO-lOO 
55-100 
55-100 
55-100 
35-100 
55-100 

P I 1 2 - ; WAP 2 5 - ; L i n e a l Shrinkage h-
AASHO M17-!t2 gradation 

AASHO M17-lt2 gradation 

AASHO M17-l|2 e r a d a t i o n 

39 S.C. 
40 S.Dek. 
hi Temi 
42 Tex. 
43 Dtah 
kh vt. 
1*5 Va. r5-ioo 

55-100 
55-100 

!0-100 

Gradation continued 5O-ICO percent f i n e r than 025 mm, O-35 percent f i n e r than . 005 nni. P I 2 - . 

M i n e r a l l i t t e r not g e n e r a l l y used because of low void content i n mi n e r a l aggregate. 

k6 Wash. 

1>7 W.Va. 
48 Wise. 
49 Wyo. 

50 O n t a r i o 
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TABLE k 
ASPHALT CEMENT FOR BITUMINOUS CONCRETE MIXTURES 

1/ 
P e n e t r a t i o n 

IBitTJmen S c l n b l o i n 
Csrbon Carbon 

lBi»n"-*a° 

2 A r i z 
3 Ark 

1* C a l i f . 
-5""coro-" 

6 Conn 
7 D e l 

8 D of C, 
9 Fla 

60-70 
85-100 
100-120 
150-200 
60-70 
70-85 
85-100 
150:150-

85-100 
70-85 

85-100 
85-100 

85-100 
121-150 
70:35-
65-100 
85- lM 
85-100 
85-100 

85-100 

85-100 
85-100 
85-100 

"H5-IOO 

60-lO 
65-100 

70-85 
85-100 
85-100 
70-65 
70-85 
85-100 

i T e t r a c h l o r i d e 

99 5* 

99 5t 
99 > 

01 > 
93 5* 

85-100 
85-100 
100-1?0 
120-150 
85-100 
100-120 
60-70 
70-85 
85-100 
85-100 

85-120 

35-100 
120-150 
150-200 

99 5* 
99 5* 

99 5* 
99 5* 
99 0* 

? ) 5t 

09 5* 

J9 5-
99 > 
>9 5* 

•19 5* 
9; 5* 

39 S C 

1*0 s Dak 

•70IB0 

85- 100 
86- 100 

70-80 
85-100 
61-70 

60-70 
65-100 
100-120 

B5-IOO 
65-100 

85-100 
85-100 
B3-IOO 

99 5* 
99 > 

99 > 
99 5f 
99 0* 

99 5* 
99 5+ 

97 5* 
99 0> 

99 0* 

99 >* 

99 0* 

i i n e c l f l c a t i o n 
1/ 1/L/' 

D u c t i l i t y ' F l a s h 

lOO* 
100* 

- l a i H -

100* 
P e n e t r a t i o n 
v a l a o + 

lOO* 
100* 

lOOi 
100* 

vw 
1.50* 

31*7+ 
1*50* 

1*25* 
125* 

31*7* 

31*7+ 
31*7* 

illOO* 
11*00* 

99 > 
99 51 

99 0-
30 o, 
39 0-
99 0* 
99 0* 
)7 5* 

lOOT-
100* 
100) 
100* 
100* 

100* 

100* 
100* 
100* 

100* 
100. 

100. 
100* 
lOO* 

\ ^ 
31*7+ 
31*7+ 
31.7* 

31*7* 

1.50* 

31.?. 
31.7* 

I*j0* 

liOO-
1.50* 
31.7* 

Bequirementa 

Loss on 

percent )| 

1 0-
1 0-

P e n e t r a t i o n 
"«»iau. 1/ 

Before Heating 

[Spot T e s t 1/ - BegatiTe Spot Beg'd 

( p e r c e n t ! 

70* 

6>* 
70* 

1 0-
1 0-

1 0-
1 0-

1 0-
1 0-

100* 
100* 

10> 
100* 
100. 
10 > 
100* 
lOOr 

31.7* 
1*50* 

1*50* 
1.50* 
UlO* 
332+ 

60* 

100* 
100* 

3ir* 
31*7* 

99 0* 

100* 
100* 

100* 
90* 
70* 

I P e n e t r a t l o n 
lvalue *-

100+ 

99 5+ 

99 0* 

99 5* 

lOOi 
100* 

100* 
100* 
lOO* 

W+-
1.50* 
llOO* 

350* 
350< 
31.7+ 

31*7+ 

3*7+ 

1*50+ 

31*7+ 
31*7* 
350* 

T o r 
1 0-
1 0-
1 0-
1 0 

1 0-
1 0-
1 0-

1 0-
1 0-
1 0-

1 0-
3 0-

1 0-
i 0-
1 0-
1 0-
1 0-
0 f5-

1 0-

1 0-
1 0-

0 2-
1 0-

1 0-
1 0-
1 0-

1 0-

2 0-

1 0-
0 7>* 

1 0-
1 0-
1 0-

60* 
75* 

65* 
65+ 

41!-70* 

¥ 65+ 
75* 

65* 
50* 

75* 
6>. 

60. 
60. 

TOT 
naphtha 

Has 

Wee 

nes 
NeE. 
Nai! 
Heg 
Dee 

Napktlia 
X ylene 

( p e r c e n t x y l e n e ! 

- B e p S 
Xyleni 

10 

Hot s p e c i f i e d 

Not s p e c i f i e d 

80 ^ > 

75* 
l> 
3o* 
7 > 

6 > 

6o* 
05. 

65* 
65* 

75* 
65* 
75+ 

75* 

60* 

Ueg 

Jes 

lies 

J l e j 
Hec 

Heg 
Heg 

Heg 
Heg 

S o t s p e c i f i e d 

Hot s p e c i f i e d 

Hot s u e c l f i e d 

I7ot o f e c i f i e d 

.lot s p e c k l e d 
Hot s r e c i f i e d 
Hot s p e c i f i e d 
i l o t s ^ i e c i f i e d 
not s p e c i f i e d 

;iot s p e c i f i e d 

35 

35 

-T7" , 
S p e c i f i c 
a r a v l t y 

H S 3 / 

U S 
N S 

H S. 

D u c t i l i t y a t 39 2°F not l e s 

H S 
H S 

H S 
N 3 

1 001*+ 

S 5 
H S 
H S 

H S 

H S 

H. S 
I . 00* 
II S. 

1 01+ 
1 00* 

1 01+ 
10 02 
H S 

65+ 
50* 

65-
75* 
rs* 

Heg 
Heg 

Hot s p e c i f i e d 

Mot s p e c i f i e d 

15 

Hot s p e c i f i e d 

1 00, 
1 00-
» S 
n 3 
il 3 
V 3 

1 00-
I 01. 
II 3 
n 3 

H 3 
H 3 
H 3 

S.S 
H 3 

H 3 
H 5 
l.OOl 

Other L p e c i J 
Requirea 

Other p e n e t r a t i o n grades pe: 

S o f t e n i n g p o i n t lOOOF -12^] 

S o f t e n i n g p o i n t 10l*"'F.-ll*0P: 

F o r r e c o v e r e d a s p h a l t (ASTH 
Penet 50* pet o f o r i g i n a 

F or r e c o v e r e d a s p h a l t C^bso 
Tenet 50+ pet of o r i t i n a 
p et ot o r i g i n a l U0-7j iJen 

Heat to 3'^7°P . i t h o u t foam 
P e n o t r a t i o n s o f 60-70 and 3 
E e a t t o 3l.7°F without foan 

Kent t o 347OF without f 
P e n e t r a t i o n 65-IOO used 

Heat t o 3l*r°F v i t h o u t foon 
d i t t o 
d i t t o 

l a t i c pene a t 39 20F t o 
30r p e r c e n t 
Heat t o 3l*70F v i t h o u t foar 

Use Grade w i t h p e n e t r a t i 
For recoiiered a s p h a l t (A 
tfen e t r a t i o n 65. p e r c e n t 
" i c G h po I t 1*00*0" 
Loss on n a a t i n g 1 0- ."ei 
Penet, r e s i d u e / b e f o r e hi^ 
D u c t i l i t y lOOr cm 
Bitumen S o l u b l e m Caruo 

Heat t o 351"F without ioon 
S o f t e n i n g n o i n t lOlt^F - l U j ^ 
S o f t e n i n g p o i n t l l l . ° r 

S o l t e n i n g p o i n t 113"^ -11*0 

AASEO M 20 I 

1. S o f t e n i n g p o i n t 101*'F _ j 
2 Organic i n s o l u b l o m t r l 
3 F o r recovered a s p h a l t (i 

Penet 65* pet of o r i g j 

1|6 Wash 
1*7 W Va 
1*8 Wise 
1*9 Wyo 

86-100 
85-100 
70-85 
65-100 
121-150 
85-100 

99 0* 
99 0* 

99 5* 

99 5* 

99 65* 

99 5* 

100* 
100* 
100* 
100* 

60* 
100* 

1*50* 
1.50* 
i.50* 
i.50* 
Ii25* 
1*50* 

1 0-
1 0-
1 0-
1 0-
2 0-
1 0-

70+ 
75+ 
70+ 
70+ 

Nsg 
Heg 

M 3. 
H 3 
H 3. 

15 

Hot s p e c i f i e d 

Heat t o 3l*70F. w i j ^ o u t ioa 
Heat t o 350°F without f o a 
Heat t o 350°F without f o a 

1/ C o n d i t i o n s of t e s t a r e AA3H0 standard 
2 / C l e v e l a n d Open C j p (AASHO I 1*8-1*6) 
1/ Hot s p e c i f i e d 
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TABLE k (continued) 

195l( P r a c t i c e 

Usage - H i s c e l l o n e o u s 

P e n e t r a t i o n Grade 
S p e c i f i c G r a v i t y Recovered A s p h a l t nrom J U x t u r e s 

on P e n e t r a t i o n Grade of M a t e r i a l Hetnod o f Jf i t t r a c t l o n ana iiecovery Kecovered A s p l i a l t 
Based on T r a f f i c f o r m a l l y Used ASTM M£>fiO Other T e s t e d H e g u l a r l y 

in 10 pet of pooet Lower penet grades & l e a n e r mixes f o r h e a v i e r t r o l f i c 1 02-1 03h O l i e n s i s Ho 1 

Grade v a r i e s v i t h t r a f f i c 1 0 No 2 
60-^0 p e n e t r a t i o n , heavy t r a f f i c 1 02 No 3 
70-85 p o n e t r a t i c s i , medium t r a f f i c 

1 02 D 7fe-WT Res e a r c h only k 
1 Of D i s t i l L a t i C H i Yes "S 

t o ltOO°F. 
1 020-1 OjO D 762-kh Spot checks 6 
1 015 DIO97-5OT T 58-37 Ho 7 

1 023 T 58-37 O c c a s i o n a l l y 8 
1.02 T 58-37 Ho 9 

( E x t o n l y ] 
1 02l| T 58-37 No 10 
0 98-1 02 Ho 11 
4bout 1 0 Re s e a r c h o n l y 12 
Itaout 1 0 

d 13 
l l ( 

1 003-1 015 D 762-14-9 D 762-1+9 l e s 15 
modified 

6O-7O p e n e t r a t i o n , heavy t r ' i f f i c 1 Of D 762-̂ 19 T 58-37 Ho 16 
D1097-50T 

1.0^ Ho 17 
1 05 Ho 18 
1.02-1.C2 D 762-lf9 J? 58-37 Ho 19 

D ''Q^-lfTT 
J? 58-37 

• Yes go 
i l i t y 1*0*- en 

60-^0 i«netrrtj.or, ho'jy t r ^ I l i r 1 01'̂ -1 OJiO 1 bson Yori 21 
JO .icnei. 60t c n o t r i t i o n mod l u n t r . f ^ i c 1 011 -1 o i j 
hict' l i i . y 'jOt- c n 1 

Grndo r a v i t n t r i^fTiC 1 001-1 J33 D f€)2-kj 22 

21 
a l s o used 1 005 SticCj.H t e s t only C* 

1 03-i«^ Yes 25 

1 JO " 1 IIo • Z& 
Ho 27 

1 OP J .10 28 
other ^ «cif j.cd 1 'J^J 

uO- 0 a n f t r a t i O n , h e i / y t r a f f i c 1 00 -1 0"* D '6<J-Jvy Spot checjts ^9 
<j>-l( 0 ienctrritj . o n , n e i i u n and l i ^ h t t r a f f i c 1 00-1 

^9 

1 00-1 Olr 
1 01^ 0109/-jOT T ^ J - 3 / O r i G i i a l Yes 30 

Abson 
a t '!°F = 1 02 T 53^37 ilo 31 

60-^0 j j c n e t r a t i o n , sa/aro c o n d i t i o n s 
( E x t o n l y ) 

31 

60-^0 j j c n e t r a t i o n , sa/aro c o n d i t i o n s 1 a T 50-3r No 32 
x e o t 1'^ Lover t c n c t r a t i o n l o r l e a v y t r a f f i c 1 0^ Ho 3^ 
1^8-30) 

Lover t c n c t r a t i o n l o r l e a v y t r a f f i c 
( ^ t o n l y ) i 

6 > .iCt 

lf...de /; pet 
j c t x v l e n e 

Qjj-lOO i c n o t r a t i o Q , medium iind l i t j h t t r a f f i c 1 0 D {6^-k9 O b c a c i o n a l l y 3>> 

1 01 O c c a s i o n a l l y 35 
36-100 ponetr<i t ion i a l l c o n t r a c t work 1 01^-1 OP D jC^-k) No 36 

D10}J-yJS 
70-80 p e n e t r a t i o n f a r t r a r i i c over JjOCO v p d 0 9:jy-i 0>*{ .10 37 
35-100 p e n e t r a t i o n f o r t r a ^ ' f i c l e s s t han 5OOO / p d 0 999-1 otr 

38 1 020 T 56-3/ bo 38 
( E x t o n l y ) 

60-70 p e n e t r a t i o n , urban 1 OOOt Ho 39 
8^-100 p e n e t r a t i o n j r u r c l 

1 OOOf T 58-JO L i m i t e d number ko 

1.025-1 030 T 58-3^ Ho f l 
1 020 D f62-1(9 "fod T 58-37 Ho l|2 

l a r g e E x t 
1 02t T 53-37 Jo k3 
1 020 T ^-37 .10 kk 
1 01 D 762-1(9 Yes 1(5 

e r c e n t 

c t i l i t y 60i- cm 

BUGSOH Method No k6 
1 00 Jo kl 
1 000 -1 030 D T6Z-k9 O c c a s i o n a l l y 1(8 
1 02 No 1(9 

^ l - 3 0 p e n e t r a t i o n , heavy t r a f f i c 1 00- 005 D 762-lf9 No 50 
8p-100 p e n e t r a t i o n , mediun t r a f f i c 
150-200 p o n o t r a t i o n , l i Q h t t r a f f i c 

A r i z 
Ark 

Conn 
D e l 

Sane 

U s s 
Ilo 
'kait 

Oreo 

Fa 



76 
TABLE 5 

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

Agency 

1 A l a . 
2 A r i z . 
3 Ark. 
4 C a l i f . 

7 
; 8 

I ' 
10 
11 
12 

15 
. 16 

17 
18 

-12. 
20 
21 
22 
23 
24 
25 
26 

C o l o . 
Conn. 
D e l . 
D.of C. 
F l a 

Ga. 
I d a h o 
111. 
I n d 
Iowa 
Kans. 
Ky. 
L a . 
He. 
Md^ 
Mass. 
Mich. 
Minn. 
M i s s . 
Mo. 
Mont. 
Nehr 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

' 39 
40 
4 l 

Nev. 
N H. 
H J . 
N M. 
N.Y 
N.C 
N.Dak 
Ohio 
O k l a 
Oreg. 
Pa 
B . I 
S C. 
S.Dak. 
Tenn 

42 Tex. 
43 U t a h 

Method of S p e c i f y i n g ' B a s i s o f P e r -
S i e v e - S i z e L i m i t s | centage L m i t s 

P e r c e n t p a s s i n g 

P e r c e n t r e t a i n e d 
P e r c e n t p a s s i n g 

d i t t o 

P e t . p a s s & r e t l / ! 

P e r c e n t p a s s i n g 
d i t t o 

P e t p a s s . 8t r e t . 
d i t t o 

P e r c e n t p a s s i n g 
P e r c e n t r e t a i n e d 
P e r c e n t p a s s i n g 

d i t t o 

T o t a l aggregate 

T o t a l aggregate 
d i t t o 

T o t a l m i x t u r e 
d i t t o 

T o t a l aggregate 
d i t t o I 

G r a d a t i o n S p e c i f i c a t i o n s 
S t a n d a r d S i e v e S i z e o r Nun 

( f i g u r e s a r e p e r c e 

100 75-100 55-95 47-87 35-67 
G r a d a t i o n l i m i t s s p e c i f i e d m c o n s t r u c t i o n s p e c i a l prov 

0 5-20 20-40 45-60 
100 95-100 60-75 40-55 
100 95-100 65-80 45-6C 

100 90-100 60-80 32-43 

100 

K 

90-100 
90-100 70-100 

100 90-100 

45-75 
50-80 

- 65-85 

40-65 
40-80 

25-4; 
20-4C 

I 

P e t p a s s & r e t 
d i t t o 

P e r c e n t p a s s i n g 
d i t t o 

P e t p a s s . Ss r e t 
P e r c e n t p a s s i n g 
P e r c e n t r e t a i n e d 

d i t t o ^ _ 
P e r o e n t ' p a s s i n g 

d i t t o 
P e t p a s s & r e t 
P e r c e n t p a s s i n g 
P e t pass 8, r e t 

d i t t o 
P e r c e n t p a s s i n g 

T o t a l m i x t u r e 
d i t t o 

T o t a l a g g r e g a t e 
d i t t o 

T o t a l m i x t u r e 
T o t a l a g g r e g a t e 

d i t t o 

"1*1* T t 
45 Va. 
46 Wash. 
4r W Va. 
48 Wise. 
49 Wyo. 
50 O n t a r i o 

d i t t o 
P e t p a s s 8e r e t . 
P e r c e n t p a s s i n g 

d i t t o 

P e t . p a s s & r e t . 
P e r c e n t p a s s i n g 

T o t a l m i x t u r e 
T o t a l aggregate 
T o t a l m i x t u r e 

d i t t o 
T o t a l aggregate 

d i t t o 
T o t a l m i x t u r e 
I T o t a l aggregate 
I T o t a l m i x t u r e 
T o t a l a g g r e g a t e 

d i t t o 

T o t a l m i x t u r e 
T o t a l ategregate 

100 95-100 
100 

95-100 p a s s i n g - — i | e 25- . 
K — - 5-50 

100 98-J.OO 
0 0-5 

100 90-100 
100 90-100 75-100 

100 
100 93-100 82-95 

40-75 

55-80 

71-

- - 10-60-
67-87 
15-45 
55-80 

48-58 
20-45 

100 p a s s i n g 

lOOpasB. -s^-0-5 

100 p a s s i n g 

61-J7 
15-30 

4 ^ 

^ 
25-4( 
4o-_5l 

40-6( 
47-6-— 
25-71 
35-51 

0-35 -

ko - 5 

•^S730-5C5 6/ --M 
60-80 

100 95-100 
100 85-100 68-90 62-85 
-^0-20^- 10-40 -ak-- - 10-40 

100 
0 0-4 5-30 

0 _ 
58-?0 ' 2 5 ^ 

100 60-90 50-80 30-5' 
•ak 35-70 0-20 --sk 

100 65-100 30-6 
•sfc 35-60 9 k — 2 0 - 4 0 — H « 5-1 

35-60 
50-83 

95-100 

-»ko-io->le—1 5-40 - x -
100 

d i t t o 

P e t p a s s Si r e t . 
P e r c e n t p a s s i n g 

d i t t o 

100 
100 

h / 0 - 3 + 15-40 
95-100 

8 / 

"Too 90-100 
100 p a s s i n g 
100 90-100 

100 

'6>JBO 
B i n d e r c o u r s e n o t 

i * 0 ^ 
40-52 >k-

100 
100 90-100 

69-85 
55-80 

- 4 k 15-40 . 

40 -75 

9 MOO 60-95 
75-90 50-75 

75-100 60-90 
"100 

->k 10-25 
_ 35̂ 61 

20-4 

30-6 

43-5 
25-4 

25-5 
22-6 

60-80 40-6 
— 25-45 -5k 2 

100 95-100 

65-90 
100 95-100 

K 0-10-5k- — ^ 
60-75 30-50 20-4 

95-100 65-90 55-80 40-6 
100 60-85 45-e 

J / 100 75-94 65-88 54-80 40 -68 33-57 30-S 

iJ P e r c e n t o f m a t e r i a l p a s s i i . g one s i e v e and r e t a i n e d on t h e n e x t f i n e r s i e v e . 
2 / P e r c e n t o f t o t a l a g g r e g a t e . 
3/ Hound s i e v e - o p e n i n g s , l / 4 i n c h s i z e and l a r g e r . ; , ™ B n R ^=,...„+ 
5/ P a s s i n g No. 4, r e t a i n e d So 6 s i e v e , 0-5 p e r c e n t , p a s s i n g No 6, r e t a i n e d No. 8, 0-5 p e r c e n t 

% No? more ^ ^ ^ 1 / 5 o f the 7/8 t o l / 2 - i n c h f r a c t i o n i n t h e bottom ccrurse s h a l l be r e t a i n e d on a 3/4 - i n e h s i e v e . 

I P e r e » ^ S^tS?ions f o r m a t e r i a l f i n e r tl«.n No. 10 based an t o t a l f r a e t i c m p a s s i n g No. 10. Of t o t a l a g g r e ^ t e , 2| 

9 / No 14 s i e v e . 
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195"* Practice 
Y r 

l e r a l Aggregate ' Specifies i 
• Square Openings ^ " IBltumen Content • 
,8[ Mo . l0TNo.l6'llo .a0iHo.30 Wo.'>0|Mo-50|Ro-80|Ho.lOO|Bo.200 of Mixture 
jy weight) Tpet. by wt.) 

Bemarks Agency i 

2U-50 12-30 
IS for designated aggregate sources. 

^-15 

60-75 

20-35 

12-22 

19-27 

20-35 15-25 
15-35 

15-35 
13-25 

2-8 * 

55-75 
55-75 

22-1(2 
0-10 

75-90 

10-20 

2 - 8 

95-100 
3- 6 
3-7 

: i 5 i i . 

5-8 2 / 

8-15 5-10 
0-5 

Heavy t r a f f i c 
Medium t r a f f i c 

5-20 0-5 
3-9 

— 2-10 -^o'-k ̂ ^ 0-3 

15-30 
8-25 
8 - l 8 

lU -36 -

24-38 

13-26 

0-15 

U-10 

8-18 

5-13 

6f 
90t 

2-6 

3.5 - 6 b 
k.O - 6.0 
U.O - 7.0 

I It 0 - 7.0 

It 5 - 7.0 
Not specified 
U.O - 7 0 

- i r r o -
3-10 

93-98 
0-5 
2-6 

2-8 

6.25 
5 0 - 7 - 0 

i ^ r 

10-22 
3-20 — 

25-60 

78-88 
77-87 

15-25 
10-27 
2-8 2-a 

15-lto 

0-5 
6-10 

- 2-15 - J I * - 2-8 
0-5 

85-93 90-95 
89-95_ 

2 :̂5 -̂

2-12—j|eO-5 
3-12 

* 0 - 5 

It.O 
U.O 
It.O 

It.O 
It 2 
U 7 
3 5 
It.O 
U.5 

7.0 
6 0 
6 5 
6..5 
5-5 
6 .0 
5.0 
6.2 
6.0 
6.5 
6 0 
6 .0 

2 / 

30-lt5 

15-35 
15-30 
35-55 

10-25 
- 12-20 

10-28 

10-20 
*!«-3-7 

3 .0 - 7 .0 
It 0 - 6.5 
U.O - 5 5 

20-30 pet pass. No. 10 

Heavy t r a f f i c 
Medium t r a f f i c 

It.O - 5-
It.O - 6 
3 .0 - 7.0 

1 Ala. 
2 Ariz. 
3 Ark. ( 
It C a l i f . ' 

5 Colo. ' 
6 Conn. 
7 Del. 
8 D.of C. 
9 F l a 1 

10 Ga. 
11 Idaho 
12 111. 
13 Ind. , 
lit Iowa 
15 Kans. 
16 Ky. 
17 La. 
18 Ms. 
19 Met 
20 Mass. > 
21 Mich 
22 Minn . 
23 Miss ' 
2lt Mo 
25 Mont 
26 Nebr. 

Used with sheet asphalt 

2-15 

22-30 

20-l»0 
- 0-15 

20-30 

- ^ N — 3-15 -
10-30 

17-55 
20-ltO 

10-25 
25-50 
25-lt5 

2 / 12-1(5 

- 20-55 • 

I p ® 

10-30 

5-20 

15-45 
3-10 

8-23 
3-10 

6-10 
2-8 
5-15 

-3-15->td--10 

6-35 3-20 

4-7 

1 0 - 3 5 - ^ - 1 5 

3-12 
3-10 

1-8 0-5 

It.O - 6.5 
5.0 - 7 0 
lt .3 - 7-0 
It.O - 6 0 
lt . 5 - 7 0 
5 - 0 - 7 0 
4.5 - 5.5 
3.5 - 6.0 
3.0 - 6.0 
4 .5 - 6.0 

27 Bev. 
28 N H. 
29 N.J 
30 N.M 
31 N . r 
32 N.C 
33 H.Dak. 

Ohio 

5 .5-9 .0 pet. bitu. for slag 

Heavy t r a f f i c 
Medium t r a f f i c 

5.0 

3 0 

u 
4.5 

7-0 
8.0 
7 0 
6.0 
6.0 
6.5 
6.0 

135 Okla. 
, 36 Oreg. 
37 Pa. 
38 B.I 
39 S.C 
40 S.Dak. 
41 Tenn. 

42 Tex. 
43 Utah. 

2 / 

44 Vt. 
45 Va 
46 Wash 
47 W.Va. 
48 Wise 
49 Wyo. 
50 Ontario 

rcent permitted to pass no. 10 sieve. 
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TABLE 6 
MINEEIAL AGGREGATE GRADATION REQUIREMEHTS AND BITUMEN CONTENT 

OP BITUMINOUS CONCRETE SURFACE-COURSE MDCTURES 

Agency 

1 A l a 
2 A r i z 
3 Ark 
li C a l i f . 

5 Colo 
6 Conn< 
7 Del. 
8 D.of C 
9 F l a . 

10 Ga 
11 Idaho 
12 111 
13 M 

Method of S p e c i f y i n g 
S i e v e - S i z e L i m i t s 

Percent '-assine 
d i t t o 

Percent retained 
Percent passino 

d i t t o 

B a s i s of Per-
centaee L i m i t s 

Gradation S p e c i f i c a t i o n s - Mineral AKfjeiiate 
Standard Sieve S i z e or Mimiber - Square Opi 

1 - l A - l 1'- I i A " I 5/6" I 1/2" I 3/6" I l A " I Mo.lt I lto .8 I Ho.lO |No.l6|Mo 
'—' '—' ' I f l E u r e s are percents hy weigh' 

T - t 3 l acGrecate 
d i t t o 

l i t Iowa 
15 Kans. 
16 Ky. 
17 L a 
18 :4e 
19 Ii3 
20 I'lass 
21 Mich. 

Si Minn. 

Pet. pass. L r e t . l / 
Percent passinc 

d i t t o 
Pet pass, and r e t . 

d i t t o 
Percent possine 
Percent retained 
Percent tjassinc 

d i t t o 

Pet pass and r e t . 
d i t t o 

Percent passing 

Miss I d i t t o 
Mo. Pet pass, and r e 
Mont. d i t t o 
Hebr. Percent r e t a i n e d 

d i t t o 
Nev. I Percent passinB 

26 N H. 

29 H J . 

30 N.ll 
31 N Y. 
32 H C 
33 H.Dek. 
35 muo 
35 Okla 
36 Ores. 
37 Pa. 

38 H.I 
39 S C. 

kO S.Dak. 
Itl Tenn 

lt2 Texas 
lt3 Utah 

1*5 Va. 
h6 Wash. 
1.7 W. Va 
lt8 Wise 

1*9 Wyo. 

50 Onterid 

d i t t o 

Pet pass and r e t . 
d i t t o 

Percent parsing 
Pet. pass, and r e t 

d i t t o 
Percent passing 
Pet. pass, and r e t . 
Percent passing 
Pet. pass and l e t 
Percent possing 

Pet. pass and r e t 
Percent passine 

Pet. pr s. and r e t 
Percent passing 

d i t t o 

Pet. pass Pnd r e t . 
Percent passing 

d i t t o 

Tot.ll mixture 
d i t t o 

T o t a l aggregate 
d i t t o 

T o t a l mixture 
d i t t o 

T o t a l aggregate 

103 95-100 
100 

0 
100 95-100 
100 95-1.00 
100 90-100 70-85 

60-80 
1*5-65 

60-75 
65-80 

1*0-60 20-1*0 
25-1*5 
1.5-60 

100 95-100 

95-100 passing 

8-1*5 

25-1*5 
1*0-55 30-lfO 
1,5-60 30-1*5 
1*0-52 30-1*0 

2 2 ^ 
30-1*5 
1,0-75 

9-27 — 

£3-55 
50-65 
55-80 

100 98-100 
0 0-5 

100 

60-100 
100 80-100 
100 30-100 

8-39-
100 95-100 60-80 

50-fO 
^ — 25-50 • — 10-30 

- 2-11*^ 20-50->»l*/0-22 -
98-100 67-il7 i*r - 6 l 37-55 

17 
20 

35-50 
30-50 

5-20 

100 8S-100 
100 passing 

100 passim; — 
100 9 a - i M 

12-35 
100 S5-100 

85-100 
100 

66-00 
25-1*0+ -

50-65 

35-60 
50-70 35-50 
60-80 
35- I'J 
1*8 62 

6 ^ + . 15-25 

20-1*0 
1*0-60 
30-55 " ^ l * 
32-1,1* 18 

1*-12 

7 0 ^ 

100 95-100 d i t t o 
T o t a l mixture 'lOO passing -p 0-3 0~^j 

d i t t o |100 passing — 15-1*0 
T o t a l aigregate 0 0-1* 

d i t t o I 0 
95-100 60-80 

10-35 
-30 

-50^ 

80-95 

35-55 

7- 20 
8- 20 

35-50 

55-r5 

10-

T o t a l mixture 
d i t t o 

T o t a l aggregate 
T o t a l mixture 

d i t t o 
T o t a l aggregate 
T o t a l mixture 
T o t a l a£.gregate 
T o t a l mixture 
T o t a l jggregate 

T o t a l mixture 
T o t a l oggregate 

T o t a l mixture 
T o t a l aggregate 

d i t t o 

10/ 

''0-55 

2/ - 0-25 
3/ - 0-10 

100 
- 0-5 

100 passing — O-5 
100 

100 pass -0-5 

100 passing 

100 30-95 

-~ ^0-1*5 
- - 12-1*0 

90-100 55-85 
- IS-^iS 

- 30-50 
50-83 

1*5-75 

5-25 
8-30 

1,0-65 
20-1*0 -8/ 

- 10-20 

j 5 - r 5 
55-15 
28-38 
30-50 17-

I / - 2-11) 
1 / 2-1 f 

30-50 
12-30 

25-60 
5-20 >-7-30 - 10-35 

90-100 
1*0-52 

100 80-100 

100-0-15- 25-5.) 
100 7J-97 

-0-10 
55-80 

11-21 
1*5-75 30-55 

= 2 / 
- 0-lB -

5 8 - 0 

1*0-' 

0-251 

20-1*5 

20-1'0 

5-20 
1*2-60 

100 90-100 
100 
100 95-100 

100 

^ioo-if-7-]Ot>- ''5-50 
100 yo-100 

j o o 61,-92 

50-75 
61*-̂ 6 
65-05 
85-100 

15-35 
70-100 
1̂ 6-81* 

100 80-100 
-0-10 - 30-50 

100 8^-100 
95-100 75-100 

100 

100 75-88 60-71* 

100 92-100 7r-90 6i*-77 

35-55 
1,6-56 
l*j-65 

60-90 
21^-f> 

^0-ro 
20-1.0 

60-80 1*0-60 
1,5-35 

50-1-0 

50-60 1.1-60 

55-65 1*5-65 

35-50 

30-5J 

30-50 

•'5-'-; 
30-

2 9 ^ 
1 1 / 

33-59 

1 Percent of m a t e r i a l passint, one s i e v e and retained on the next f i n e r s i e v e 
Percent of t o t a l aggregate 
Bound siove-openings, l / l * - i n s i z e and l a r g e r . j „ n n m ™ „*• 
Passing No. 1*, retained No. 6 s i e v e , 0-11 percent, passing No. 6 s i e v e , retained No 8, 0-11 percent 
Maximum. Also, the Ho. 80 to Ho 20r -naterial s h a l l he a t l e a s t 5 ^^ercent of t o t a l aggregate 
Hot more thnn l/h of the l / 2 - i n . t o No. 1* f r a c t i o n i n the surface course s h a l l be retained on a 3 /8-in s i e v e 
Betamod on Ho. 10, 30-60 percent. 



TABLE 6 (contin-ufid) 

79 

195* P r a c t i c e 

S p e c i f i e d 
Bitumen Content Remarks Agency 

Mo. 30 |No.l»0 1 Ho 50 1 No.80|Ho.lOO|No.200 of Mixture 
Agency 

10-25 5-15 2-8 5.0-8.0 At l e a 8 t * * r^t. to be retained between consecutive s i e v e s 1 A l a . 
15-25 2-10 1| 0 2 A r i z . 
70-85 90-96 5.0-8.0 3 Ark 

12-22 3-6 3-7 Heavy t r a f f i c 4 C a l i f . 
15-25 3-7 3-r 2 / Ifedium t r a f f i c 
12-30 11-19 lt -8 5 0-6 5 

2 / 
5 Colo 

12-37 8-18 't-B 5.5-8.0 At l e a s t 4 pet. t o be ret a i n e d between consecutive s i e v e s 6 Conn. 
15-25 10-20 5-10 5.5-8.0 7 Del. 
10-30 3-15 2-6 4.0-8 0 6 D.of C. 

— 9-27 -* 5-18 •i5-8 5.0-9.0 9 F l a . 
15-35 10-20 j-\0 6 0-10 10 Oa 

5-12 Not s p e c i f i e d 11 Idaho 
7-22 — 5-13 - k-& 5.0-7.0 12 111. 

10-25 2-17 - 1-5 - 3-5 6.5-8.5 45-55 BCt. re t a i n e d No. 6 13 Ind. 
19-3» 13-?6 &y 3-10 6.25 l l ! Icrua 
65-80 39 2 / B9-9lt 5.0-8.0 2 / 15 Kane. 

2-20 0-10 0-5 h 0-6 0 16 Ky. 
20-35 12-25 t -10 4.5-6.5 17 La. 
12-ltO 7-19 3-8 6.0-8 0 18 Me. 

6-16 
10-20 

6-16 
6-lU 2-8 5.0-7.0 At l e a s t 4 pet. to be retained between consecutive s i e v e s 19 Hd. 

6-16 6-16 - h-XO -k-6 6.0-7.0 35-45 percent passing No 10 20 Ifees. 
h 5-8 h 5-6.5 21 Mich. 

15-30 «-16 lt -8 5.5-6.2 At l e a s t 4 pet.to be retained between consecutive s i e v e s 22 Hinn. 

28-li2 
except two l a r g e s t 

28-li2 12-24 6-10 7.2-8.7 23 Miss. 
5-20 5-18 - I t - l O 4.0-7.0 24 Mo 
5-20 5-15 - h-& 5.0-8 5 

^, 
25 Mont. 

78-88 85-93 90-95 4 5-6.0 ^, Heavy t r a f f i c 26 Nebr 
77-8? 89-95 4.5-6 0 2 / Medium t r a f f i c 

20-27 13-20 5-11 3 .0-7.0 
2 / 

27 Nev. 
10-30 5-20 3-8 5 5-7.5 28 N.H. 

— 5-18 l i - l 8 - j - 1 6 - lt -8 5-8 Heavy t r a f l i c 29 N.J 
k-2k 6-22 3-20 - lt -8 5.5-9.0 Medium t r a f f i c 

29 

15-30 8-20 lt-10 - 30 N H. 
5 -20 - 1-6 - 2-6 5.8-/ .0 31 H.Y. 

5-lt2 
7-21 - k-12 - 2 - 8 5.0-7.5 32 

33 
N.C. 

1 5-lt2 10-28 5-17 2-8 4.5-9.5 
32 
33 N.Dok. 

~ ~ - 3-15 - 0 - 5 4.0-9.5 3I; Ohio 
20-37 10-25 lt -8 5.0-7.5 35 Qkla. 

•I- 3-9 - 3-7 — 3-7 5 0-7 0 At l e a s t 10 pot r e t . 1/2 inch 36 Oreg. 
1 0-30 5-20 2-12 2-8 5.3-8 5 6.5 t o 9.5 pet. b i t u f o r s l a g 37 Fa. 

3-18 -3-5 - 5-8 6 5-8. p 38 B . I . 
25-35 15-25 5-12 6.0-7 5 At l e a s t 5 pet. to be retained between consecutive s i e v e s 39 S.C. 

4 - smaller than 3 /8 incn. 
20-30 6-10 5.0-7 0 4o S.Dak. 
19-27 5-11 '^ 5-7.5 Heavy t r a f f i c 41 Tenn. 
15-30 8-20 U-9 4 . 5 - ^ 5 Medium t r a f f i c 

0-10 5-9 Medium t r a l f i c 

- 5-25 + 5-25 -)-2-10 4.0-7.5 42 Texas 
30-70 10-ltO 5-12 5.0-6.5 43 Utah 
lq-'.1 10-26 5-8 6.0-8.0 44 Vt. 
10-25 3-15 2-10 5.5-8.5 1*5 Va. 

- 20-50 - 10-30 -^5-16 4.5-7 0 46 Wash. 
7-20 1-5 6.0-10 47 W Va. 

15-35 10-25 5-12 4 0-C.O At l e a s t 5 pet. t o be retained between consecutive s i e v e s 48 Wise. 
smaller than 3/8 inch. 

5-10 5.0-7.0 49 Wyo. 

20-1(3 11-26 6-12 3-8 5-7 i / Heavy t r t - I f i c 50 Ontario 

22-i*r 12-29 6-13 3-8 5-7 i / Medium t r a f f i c 

8/ Wo 6 s i e v e . 
2 / Passing Ho. U, retained Ho. 6 s i e v e , 0-8 percent, paesine No 6 s i e v e , r e t a i n e d No. 8, 0-10 percent. 

10/ Percent l i m i t a t i o n s f o r m a t e r i a l f i n e r than No. 10 based on t o t a l f r d c t i o n passing No. 10 Of t o t a l aggregate, 
20-ltO percent permitted to pass Ho. 10 s i e v e 

11 / Ho. 1h s i e v e . 
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T A B L E 7 

S P E C I F I E D T O L E R A N C E S F R C M J O B - M I X F O R M U L A S A H D T Y P I C A L F O R M U L A S 
F O R B I N D E R - C O U R S E M I X T U R E S 

Agency Hathod of Specifying 
Slon-Slze Idntlts 

Soeclfied Tolerances from Job-ttLx Fonmila 

Agency Hathod of Specifying 
Slon-Slze Idntlts 

Basis of 1 or* Standard Sxevo Size or MurtJer - Souare OpenlnKs 
Agency Hathod of Specifying 

Slon-Slze Idntlts centage lomits 2"ll-l>fe"ll-lA"l 1'' 1 3A''l5/6" 1 1/2" l3y5" 1 lA" 1 Ho J*IMO aiWo lOlHo 16 |Ho gO|Ho 30 1 Ho 40 | ho 50|Ho eO|Mo 100!Ho 2C 

1 Ala 
2 Ariz 
3 Ark 
h Calif 
5 Colo 

Percent pasBlng 
Percent retained 
Percent passing 

Ditto 

Total aggregate 
Ditto 

— ' '—' '— — — (figures are percmttages pliis <n- minus tron romula percentagej 
k K U i I ' ^ 3 ' 

ilot specified 
*5,-7 3 +2,-^ 5 ^ 3 ^ 

Within design limits 
5 4 

7 Del 
8 D.of C. 
9 Fla 

10 Gci 
11 Idaho 
12 111 
U Iid 

Pet pass and ret 
Percent passing 

Ditto 
Pat pass and ret 

Ditto 
Total mixture 

Ditto 

" 7 7 7 7 4 4 «. 4 * " " 
7 5 

^ 7 5 
Not reported 

- 5 5 > 3 

A Ian. 
1? Kama 
16 Kj. 
17 IB 
18 Me 
19 Ha 
20 IfaSB 

Percent passing 
Percent retained 
Percent passing 

Ditto 

Pet pass end ret 
Ditto 

Total aggregate 
Ditto 

Total nlzture 
Ditto 

B B B 8 B 0 5 ' 
7 5 *3,-5 +1.-5 1 

Ji i> It i> 2 2 : 
7 7 7 5 , 5 3 ! 
6 6 6 5 * ' 3 

7 7 7 t l i l i l t l i i 
Hot reported 

3, 
22 Htnii. 
23 HlBfl. 
ZK Ho. 
2? Hont 
26 Nelir 
27 HOT 
28 H E 

Percent passing 
Percent passing 
Pet pass and ret 
Percent passing 
Percent retained 

Ditto 
Percent passing 

Ditto 

Total aggregate 
Total aggregate 
Total mixture 
Total aggregate 

Ditto 

4 4 0 
7 7 7 7 7 7 6 5 S 

- 5 - 5 * 3 1 
5 3 2 ^ , 0 

7 5 5 5 3 
Hot reported 
Hot reported 

10 10 10 H ^ 
29 H J 
30 H H 
31 H I . 
32 H C. 
33 H Dak 
Zk Obio 
35 Okla 
36 Oreg 

Pet pass ssd ret. 
Percent passing 
Pet pass end ret 

Ditto 
Percent peusing 

Ditto 
Pet pass and ret 

Ditto 

Total mixture 
Total aggregate 
Total mixture 

Ditto 
Total aggregate 

Ditto 
Total mixture 

Ditto 

~ - 5 
5 5 k 

7 5 
Hot reported 

5 5 * 3 
U It * 1 3 2 - 2 

37 fc. 
38 H.I 
39 S C 
liO S Dak 
kl Tflmi 

T«x. 
3̂ Vtah 
Ul Tt 

Percent passing 
Pet pass and ret 
Percent pasBlng 

Ditto 

Pet pass and ret 
Percent passing 

Totca aggre^te 
Total mixture 
Total BggreÊ te 

Ditto 

Total mixture 
Total aggre^te 

Ditto 

K 5 5' 4 4 4 4 4 4 
10 - 10 - 10 -k 

3 7 7 k 
3 ' 

7 4 2 
U- 5 * 3 - 3 - 3 -

7 7 5 5 5 3 
8 8 4 5 4 5 15 4 

^5 Ta. 
46 VaslL 
k7 V Va 
48 Vise 
I19 V;o 
y) Oatarlo 

• l l , - l 8 8 4 * 
5 15 +7,-8 +11,-10 +2, 

7 7 4 "t 1* 
5 5 5 3 3 

-12+15 6 6 

5 5 5 5 f 

1/ Percent of total aggregate 
2/ Bound sieve openings, l A inch size and larger 
3/ 7/B Inch 
4/ Ho 14 sieve 
^ Iidlcated tolerances are usual vorking limits and are not specified 
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195li Praotlo 
Typical Job-Hue Formula 

BituiEen uitunsn Ccjntent Standard SIOTS Size or Hut Oer - Square Openings Content 
11 lUxturr 2' !l-l/2" l-l/V 1 1' 1 3/lt |5/U"|l/2"|3/fj"|l/'."iNo 4|Ho.»|IIo 10|Ho 16 |no 20|No 30|No 40 |No 50|Ho tjO pfo 160 g.o 260 of Mixture Benarks A gency 

insures are percent by ve 
0 - Hot reportec 1 Ala 

Hot reported 2 Aria. 
0 ^ 0 15 35 58 70 83 97 5 0 3 Ark 

Hot reported 4 Calif 
0 2 100 95 75 35 12 6 5 7 5 Colo 
0 5 100 55 5 25 6 Rntwi. 
6 k 166 vt> 68 56 38 26 i!6 IS 10 7 4.5' 7 Del 0 3 100 9I1 79 311 4.9 8 D of C 
0 5 80 20 4 8 9 Fla 
0.5 100 97 60 35 20 6 3 4 75 HeaTjr traffic 10 Ga 
0 5 100 97 55 30 12 6 3 "i 75 Hsdlum traffic 

Hot reported 11 Idaho 
0 5 34 311 27 5 0 12 111 

Hot reported 11 Ind 
Hot reported 

85 
ll> Iowa 

1/0 5 35 70 85 91 94 6.0 15 
0 3 100 95 67 5 Ji2 5 27 5 7 5 2 5 5 3 l£ ^ 0 5 100 90 65 50 35 25 12 4 5 0 17 La 
0 5 100 77 35 26 22 9 2 0 6 5 6 18 MB 
- 100 96 87 78 ka 30 20 12 

4 7 
9 4 5 0 19 Hd 100>- 38 8 21 7 1 9 8 7 7 5 1 4 7 4 8 1 2 6 4 8 20 HUB. 

0.3 f l 35 4.5 21 Hleli 
0 25 100 46 36 2 2 4 5 22 tann. 
0 3 100 92 79 72 60 50 

9-i> 
30 16 8 0 5 5 23 mss 

0 5 0 1> 9 li 22 6 11 3 16 6 - 9 1 9-i> 8 0 6 1 -2 8 It 3 24 Ho 
0 3 Hot reported 

69 4.8 
25 Hont. 

0 20 «6 69 84 
83 

90 93 4.8 HeaTT traffic 26 Netar 
0 3 16 58 

84 
83 89 93 5 0 Medium traffic 

Not reported 27 
28 

XST 
0 5 100 63 117 34 15 3 

27 
28 X.H. 

0 3 77 iB 5 6 
6 0 

29 N.J 
0 3 100 90 55 40 8 

5 6 
6 0 30 N H 

Hot reported 31 N T 
0 5 - 2 20 42 29 - 2 5 0 32 N C. 

Not reported 33 H Dsk 
Binder Course not used 311 Ohio 

0 3 lOO 95 
Vt 

75 50 40 25 5 5 0 35 Okla 
0.3 Vt 32 17 - 15 6 5 3 5 0 5 7 HeaTT traffic 36 Oreg. 
° ? 8 1 33 - I B 16 — 8 - - 5 2 6.3 MMlfiim traffic 

36 Oreg. 
0 ( 100 95 58 33 25 17 13 9 6 3 4.tj 37 
0.5 IS 2 ItO 2 14 6 22 5-0 38 B I 
0 5 100 100 80 50 24 5 0 39 s c. 
0.2 100 67 22 9 6 0 40 S Dak 
0 3 Hot reported 41 Tenn 

S/ 
41 

0 i> 19 6 23 7 13 9 - 12 2 - 8 9 — 12.6 - 4 1 0 4 0 42 Tax. 
Hot reported "13 Dtah Hot reported 44 Tt. 

0.5 100 9i 72 50 30 6 5 6 45 Va 
1 0 100 95 60 33 21 4 5 3 46 Wash 
0 l> 100 96 62 36 19 5 2 I t s 47 w Va 
0 5 96 72 59 48 26 6 5 0 48 viae 

5 5 
0 5 100 72 55 35 7 3.5 49 Kro. 

2/ 
49 35 y 

49 Kro. 
0 3 100 81| 49 35 25 J' 5 2 5 0 2/ 50 Ontario 
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TABLE 8 
SEECirrED TOLERANCES FRCM JOB-MIX FORMULAS AND TYPICAL FORMULAS 

FOR SURFACE-COURSE MIXTURES 

Agencr fethod of Specifying Basis of Per V,>,.,|, , A . . | . / « . . h / t . ^ T;a"liyi!iriio''M Jsg'^olNo'I^S; g ' ^ l . , 40|»o 50l»o B0|»O 100!»O 200 

1 Ala 
2 Ariz 
3 Ark 
k Calif 
5 Colo 

Slev«-Si£e Limits 

Percent passing 
Ditto 

Percent retained 
Percent psBslng 

Ditto 

centage Ufflits 

Total aggre^te 
Ditto 

1-1/fe 11-1/4 1 1" 13/" |5/B ll'g^ I ' ^ ' J , lerclueei pi.^'or «lL, frim larLu i 4 r c e . t ^ ) 
_ 4 5 - 3 

Hot reported 
I 5 ' 3 

^ ' . . 4 . ' ' - I 
^ i — E K e <i 

7 Del 
8 D of C 
9 Fla 
10 Ga 
11 Idaho 
12 111 

Fct pass and ret 
Percent passing 

Ditto 
Pet pass and ret Total mixture 

7 7 5 5 5 3 1 
; ' - 5 - 4 1 

7 I , k ^ 4 2 
Hot reported 

13 Ind id Icwa 
15 SanB 
16 ^ 
17 I« 
18 He 
19 >U 

Ditto 
Percent passing 
Percent retained 
Percent paasing 

Ditto 

Ditto 
Total aggregate 

Ditto 

Total mixture 

„ ^ 3 2 
8 « « ^ I .5 , -2 *4,-3 1 5 

4 ^ 4 1 2 2 2 2 

• , ' 7 4 4 4 4 4 2 

• 1 n 
21 Mich 
22 Hlnn 
23 MiBS 
2h Mo 
2^ Hont 
26 NeDr 

Ditto 
Percent passing 

Ditto 
Pet pass and ret 

Ditto 
Percent retained 

Ditto 

Ditto 
Total aggregate 

Ditto 
Total mixture 

Ditto 
Total aggregate 

Ditto 

f- 5 , C ^ 

L i ' • 3 
Mot reported 

7 5 5 5 3 2 

Hot reported — 27 KoT 26 IT H 
29 N J 
30 H H 
31 H Y 
32 H C 
33 N Dak 

Ditto 
Pet pass and ret 

Ditto 
Percent passing 
Pet pass and ret 

Ditto 
Percent passing 

Total mixture 
Ditto 

Total aggregate 
Total mixture 

Ditto 
Total aggre^te 
Total mixture 

10 10 4 ^ - ; 
; +3,-1 

^ 5 5 5 It 1, 3 3 3 
Wot reported 

- 7 - 5 - 5 - 5 5 - 2 
Hot reported 
Hot reported — 

"Kh QliLO 
35 Okla 
36 Oreg 
37 Pa 

38 R I 

Percent passing 
Pet pass and ret 

Percent passing 

Pet pass and ret 

Total aggre^te 
Total mixture 
Total aggregate 

Total mixture 
Total afjfixeivte 

' 4 ' 1 4 3 4^ 2 - 2 - 2 
U 4 4 - 3 - 2 - ? ? 

5 5 4 4 4 4 4 y f 
5 5 1, 4 4 4 4 4 4 

u i o ; 10 -^10^10- 4 " . - i - " 2 

39 S C 
kO S Dak 
ll-l Tenn 
h2 Tex 
U3 Utah 

Vt. 
U5 Ta 

Ditto 
Fct pass and ret. 
Percent passing 

Ditto 

Ditto 
Total mixture 
Total aggregate 

Ditto 

5 2 2 
7 4 4 3 3 2 

5 - 3 _• 3 - ^ 3 - 2 
8 8 "* 8 4 5 ' 4 5 4 5 4 

*4,-8 4 4 4 4 
, 1^ ' 10 H-fl.-o - If iJLir 

U6 Wash 
lJ7 W.Ta 
U8 Vise 
li9 Wyo. 
50 Cntari < 

— 7 5 4 4 1 * !̂  2 

5 5 3 

10 10 3 

5 5 4 f 4 

• 

1/ Percent of total aggregate 
2 / Ho 6 sieve 
57 Kound slave openings, 1/4 Inch slie and larger 
4/ Five percent pass I . . ^ ^ . 200 sieve for heavy traffic 
J, No 14 sieve ^ . ̂  
6/ Inaieated tolerances are usual working limits ana are not specified 
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19511 Practice 
Typical Job-Mljc FomulA 

Bitumen Bitunen 
Content standard Sieve Size or Hmpliar - Square OneninRS Content Benarks Agency 
f Mlzture l-l/S"|l-l/li"| 1" l3A"l5/8' |l^"|3/B"|l/4"!Ko 4|Ho a|!lo lOIHo 16|i<a.20|Ho 30|no.4O|Ha 50|Ho 80{Ho 100|Ho 200 of Mixture 

(figures are percent by weight; 
1 / 0 4 Hot reported 1 Ala 

Hot reported 2 Ariz 
0 5 0 3'' ' 52 73 92 6 0 3 Ark 

Hot reported 4 Calif 
0 2 100 95 80 •ir 14 5 6 0 5 Colo 
0 5 

95 
100 47 36 32 24 11 4 6 0 6 Conn 

0 <> 100 92 5B 3B 26 20 15 7 5 9 T Del 
0 3 100 90 58 46 26 11 2 5 6 8 D of C 
0 4 ™ 2 13- 28 17 10 — 12 12 6 5 7 9 ria 
0 5 100 98 68 18 10 6 6 5 Heavy traffic 10 Ga 
0 5 100 98 70 44 23 14 7 7 25 Medium traffic 0 5 

Hot reported 
- 6 0 

11 Idaho 
0 5 39 18 11 - 13 - 7 5 - 6 0 5 5 Heavy traffic 12 111 
0 5 - 38 - 17 12 - 14 — - 7 - 6 0 6 0 Medium traffic 
0 3 Not reported IS Ind 
0 3 Hot reported 

1/ 7 15 
14 Iowa 

1 / 0 5 20 55 IS 85 92 1/ 7 15 15 Sans 
0 3 100 92 5 60 1>2 5 30 11 5 8 5 5 7 16 1*. 
0 5 100 95 70 50 25 18 3 5 75 17 la 
0 5 100 62 U3 31 21 11 3 5 6 8 18 He 0 5 

100 95 73 55 38 25 16 11 4 
6 3 

19 m 
0 5 K 32 2 4 21 4 -)» 11 6 T 7 8 7 0 — 7 8 - 5 9 6 3 20 MBSS. 
A S 55 34 — ! 5 5 21 Hich 
0 25 100 100 77 55 lis 24 12 5 8 5 8 22 Minn 
0 3 100 100 88 66 34 IB 8 8 0 23 Hiss 
0 5 - 0 6 . 8 6 - 31 5 14 9 - 12 9 11 5 4 9 0 ^ 5 6 5 4 24 Mo 0 5 

Hot reported 
1 / 4 8 

25 Hont. 
0 20 46 69 84 90 93 1 / 4 8 Heavy traffic 26 Hebr 
0 3 18 58 83 89 93 1 / 5 0 Medium traffic 

Not reported 27 HOT 
0 5 100 65 50 20 5 6 5 

Heavy traffic "jj 
2U N H 

0 3 50 T 39 25 • - 5 0 5 75 Heavy traffic "jj 29 H J 
0 3 47 -1 42 0 - 5 0 6 0 Medium traffic^/ 
0 3 100 85 70 55 40 22 14 7 6 0 30 N H 

Hot reported 31 N T 
0 5 -~ 1 36 17 19 12 7 - h / 2 6 0 32 H.C 0 5 

Not reported 33 N Dak 
Not reported 34 Ohio 

0 3 95 as 68 47 27 6 6 0 35 Okla 0 3 
14 ^ 32 - 17 — 15 6 — 5 3 — 5 0 5 7 Bbavy traffic 36 Oreg 

0 ? 1 - 8 - 33 
88 

18 —•- 16 3 - 5 5 - 5 2 6.3 Medium traffic 
0 100 

33 
88 55 40 28 20 10 5 4 6 0 Heavy traffic 37 Pa 

0 k 100 95 60 46 35 25 15 9 6 6 4 Medium traffic 

0 5 lOOl 5 - 29 ^5 ^ 5 ^ 5 - 19 J 13 | 5 -- 6 7 0 38 H I 
0 4 100 90 70 56 30 19 7 6 5 ?9 S C 
0 2 100 22 9 t.a 1>0 S Del̂  
0 3 Hot reported 

3 / 
41 Tenn. 

0 u 2 P - 31 8 - 23 3 10 9 13 8 >^ 10 •» 2 7 5 0 3 / 42 Tex 
0 25 Hot reported 43 Utah 

Hot reported 44 Vt 
0 5 100 96 80 33 16 6 7 0 45 Va 
1 0 100 95 55 30 IB 4 5 5 46 Wash 
0 i; 100 95 68 45 32 9 2 5 6.5 47 W Ta 95 

6 0 48 Wise 
0 5 98 86 64 51 25 14 6 6 5 

49 0 5 100 60 40 7 6 0 49 Wyo 0 5 
2/ 

6/ 
50 Ontario 

0 3 100 83 55 36 17 4 6.0 6/ 
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TABLE 9 
USE OF STABILITY TESTS IN DESIGNING AND CONTROLLING BITUMINOUS CONCRETE MIXTURES 

Idmitfi f o r Lim i t s for Measured C h a r a c t e r i s t i c s 
T e s t Values T e s t Values S t a b i l i t y Value Flow B e l a t l v e De 

Agency S t a b i l i t y Teet Included m Used i n Medium Heavy T r a f f i c Medium Heavy T r a f f i c Medium Heavy Agency 
S p e c i f i c a t i o n s DesiRn Only T r a f f i c T r a f f i c U n d i f f e r . T r a f f i c T r a f f i c U n d i f f e r . T r a f f i c T r a f f i c 

(0.01") (percen t of the 

1 A l a . H a r s h a l l X 1000 1500 m 
2 A r i z . Hveem X 30<-
3 Ark Afarshall X 500 12 
1* C a l i f . Hveem X 35 

5 Colo. Marshall X 16-
Eveem X 35 

16-6 Conn H i r s h a l l X 1500* 16-
7 Del. I f a r s h a l l X 50O* 20-
8 D of C. Hubbard-Field X 1500 
9 F l a . Hubbard-Fieia X 1200 3000 

Asphalt I n s t i t u t e X 95-98 
10 Oa. Eubbard-FieU m 
11 Idaho Eveem X 1*0* 

8-16 12 111. Marshall X 1200* 1500+ 12-20 8-16 
13 Ind T r i a l and E r r o r 
l l * Iowa Hveem X 
15 Kans. T r l a x i a l Compression X 

16 5ir. T r i a l and E r r o r 
17 La. I f e r s h B l l 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. Hubbord-Field 
22 Minn. ^ h r 8 h a l l X 50O* 20-
23 Miss Harehall (modified) X 200-1*00 ItOOf 90* 92+ 
21* Ho. Hubbard-Field X 3000* 
25 Mont Hubbard-Field X m 
26 Hebr. Hubbard-Field m 

Immers ion-Comp:es8 ion 
27 Hev. Hveem m 
28 N.H. Unconfined Compression 300-l*00psl 
29 R.J. 
30 N.M. Marshall X 1500* 12-20 
31 H.Y. T r i a l and E r r o r X 
32 N.C. Unconfined Canpression X 200t 300)-

Immers lon-C empress ion 
V i b r a t i n g Table 

33 N.Dak. Harehall X 1000-1500 10-15 
Hubbard-Field X 3000-1*500 

31* Ohio V i b r a t i n g Table X 
35 Okla. Eveem X 35* 
36 Oreg. Hveem m 
37 Pa. T r i a l and E r r o r 
38 B . I . Bubbard-Fleld X 2500 
39 S.C. i f e r s h a l l X 60Of 2000*-
1*0 S.Sak. Marshall X 500* 20-
1*1 Tenn. H a r s h a l l X m m 

Hubbard-Field m 
1*2 Tex. Hveem (modified) X 35* 
"tl Utah Marshall X 1000* 12-18 
1*1* T t . I f a r s h a l l ffl m 
"»5 Va. I f e r s h a l l 500 1500 20-

Hubbard-FieU X 1500 2000 
1*6 Hash. Eveem X 35* 
1*7 W.Va. T r i a l and E r r o r 
1*8 Wise. ^bLrshall X lOOOt ISOOf 16-
1*9 Wyo. D i r e c t Ccapresslon X 200 p s i 
50 Ontario H i r s h a l l X 1500* 15-

T r i a x i a l Ccmpression X 

1 / An "m" I n d i c a t e s t h a t the c h a r a c t e r i s t i c was reported as measured, but no l i m i t i n g values were reported. 
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1954 n r a c t i c e 

Lnd I d m l t l n g Values 1 / 
J i t y Voids Voids F i l l e d w i t h Asphalt S p e c i f i c G r a v i t y 

Used i n T h e o r e t i c a l 
C a l c u l a t i o n s 

Miscellaneous Agency T r a f f i c 
U n d l f f e r . 

Nedlui' 
T r i f f l c 

Heavy 
T r a f f i c 

T r a f f i c 
O ndlffer 

Medium 
T r a f f i c 

Heavy 
T r a f f i c 

T r a f f i c 
U n d l f f e r . 

S p e c i f i c G r a v i t y 
Used i n T h e o r e t i c a l 

C a l c u l a t i o n s 
Miscellaneous Agency 

: e t i c a l 1 

3 -5 

Apparent 
Bulk 
Bulk 
Apparent, Bulk Cdheslometer Value 50t-

S v e l l o.mo"+. 

1 A l a . 
2 A r i z . 
3 Ark. 
4 C a l i f . 

94-97 
Wax. 

m 

4-6 

3-5 

m 

75-85 

Bulk 

Vacuum Saturated 
Bulk 
Bulk 

Bulk 
Bulk 

5 Colo. 

6 Conn. 
7 Del. 
8 D.of C 
9 F l a . 

10 Ga. 

2-6 

Apparent 
Apparent 

Bulk 

Surface Dry 

Cohesion 8 p s l . Angle of 
I n t e r n a l f r i c t i o n 2 5 ° 
Modulus of deformation 25000 p s l . 

11 Idaho 
12 111 
13 Infl. 
14 Iowa 
15 Kans. 

16 Ky. 
92-96 

92+ 8 -

4t 

3 - 6 

Bulk 
Apparent 
Apparent, Bulk 
Bulk 
Apparent 
Bulk 
Apparent 
Apparent f Bulk 

17 l a . 
18 He. 
19 va, 
20 hfass. 
21 Hich 
22 Hlnn. 
23 H i s s . 
24 Mo. 

95-98 

94-98 

3-8 

75-85 

Bulk-Surface Dry 
Bulk 

Apparent 

Bulk 
Bulk 

25 Hont. 
26 Nebr. 

27 Nev. 
28 H.E. 
29 N.J. 
30 n.M. 
31 N.T. 

Max. 

94-98 
m 

3 5 

Bulk 

Bulk 

Bulk 
Apparent, Bulk 
Apparent, Bulk 

32 N.C. 

33 N.Dak. 

34 Ohio 
35 Okla. 
36 Oreg. 

94-98 

94-98 

75-85 

Apparent 
Apparent 
E f f e c t i v e 
Apparent 

Bulk 
Apcarent 

37 Pa. 
38 E . I . 
39 S.C. 
40 S.Sek. 
41 Tenn. 

42 Tex. 
4"! Utah 

90 
90 

94-96 
92 

94-97 

m 

3-6 

m 

65-85 

Surface Dry 
Bulk 
Bulk 
Apparent 

Apparent 
Apparent 
E f f e c t i v e 

Cohesion 15 p s l . Angle of 
I n t e r n a l f l r l c t l o n by c e l l t e s t , 
27 + f o r heavy t r a f f i c . 

44 V t . 
45 Va. 

46 Wash. 
47 W.Va. 
48 Wise. 
49 Wyo. 
50 Ontario 
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TABLE 10 
BITUMIHOUS CONCRETE CONSTRUCTION REQUIREMENTS - PART I 

Plant 
Asgregate S t o n u n Temperature Bequirements tfaximum Mixing-Tljne Bequireme 

Aaencv Stock F l l f l d Stock F i l e Aggregate Asphalt Mixture a t Moisture i n Batch-Type P l a n t C 
SenaratelT CoDstructioa Temperature Cement Discharge Aggregates Dry Wet T o t a l T o t a l 

"r Op Up percent s e c . s e c . s e c . s e c . 

I A l a . Tes _ 225-350 V a r i e s 225-300 0.5 Thorough 1*5 1*5 -
2 A r i z . No 1/ N.S. 375 msi. 2 / N.S. 375 max. 1.25 Thorough 30 - Thorough 
3 Ark. Tes I n l a y e r s 350 max. 300 max. 250-325 N.S. Thorough 30 - 30 

No segregation 
30 N.S. 1* C a l i f . Yes Ho segregation 275-350 275-350 N.S. 1.0 N.S. 30 30 N.S. 

or degradation 
5 Colo. Tes N.S. 225-325 200-325 225-325 2.0 Thorough 1*5 N.S. 1*5 
6 Conn. Yes N.S. 300-350 N.S. 265-325 N.S. 15 30 1*5 1*5 
7 D e l . Yes No segregation 325 max. 250-350 275-325 N.S. 15 1*5 90 -
8 D.of C. Yes 3-ft. l a y e r s 250-1*00 250-350 250-350 N S. 15 1*5 60 -
9 F l a . Yes 3 - f t . l a y e r s 250-31*0 250-31*0 250-31*0 Dry 15 1*5 60 60 

Min. 6' height 
1*5 60 1*5 10 Ga. Yes Layers 350 max. 250-350 300 max. - 15 1*5 60 1*5 

11 Idaho No 3 - f t . l a y e r s 325 max. 200-1*00 325 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-S 350 max.-S 15-s 
30-1*5 

1*5-S 1*5-S 
13 Ind. Yes No coning 300-375 200-300 225 min. 1 0 15 30-1*5 1*5-60 Thorough 

or segregation 
11* Iowa Yes l * - f t . l a y e r s 275-335 225-300 310 max. No foaming 20 30 50 50 
15 Bans Yes No segregation 325 max. 275-325 225-325 No foaming Thorough 35-B 60 N.S. 

or degradation i*5-s 
1*0-60 16 &. Yes _ 250-325 225-325 250-300 Trace 15 30-1*5 1*0-60 

17 l A . Yes - 250-350 250-325 250-325 1 0 N S. 1*5 1*5 
18 Hs. Yes N.S. 250-300 275 min. 300-350 N S 15 55 70 -
19 Hd. Yes l * - f t . l i f t s 250-325 250-350 225-350 N S. 15 1*5 60 -
20 Mass. Yes N.S. _ 275-350 250-300 N.S N S. 1*5 N.S 
21 Mich. Yes No segregation 1*00 max.-B 275-350 280-375 0 0 10 35-B l*5-B No segregation 

1*25 max—S 50-S 60-s 
1*0 22 Hinn. Yes No intermixing 325 max. 225-300 325 max. Surface dry 15 25 1*0 1*0 

23 H i s s . Yea Layers 2 5 0 - « » 250-350 256-356 Dry - - 60 -
21* Mo. Yes No segregation 225-350 250-325 N.S. N.S. 15 30 1*5 35 
25 Mont. Yes - 225-275 225-300 225-300 N.S. Thorough 1*5 - -
26 Nebr. Yes 3-ft. l a y e r s 250-325 250-350 275 ±20 N.S. 15 30 1*5 1*5 
27 Nev. Yes N.S. 275-325 250-1*00 275-325 1.0 10 30 1*0 -
28 N.H. Yes N S. 250-325 250-350 250-350 No foaming - 1*5 1*5 35 
29 H.J. Yes No segregation 225-350 250-325 325 max. N.S. Thorough 1*5 1*5 
30 N.M. No U.S. 250-325 275 iSO 250-280 Dry 10 30 1*0 30 

31 N.T. Yes N.S. 325 max. . 225-275 N.S. 15 30 1*5 -
32 H.C. Yes No segregation 250-375 250-325 250-350 N S. N.S. 1*5 1*5 -
33 H.Dek. N.S. No segregation 325 max. 300 max. N S. Dry 15 20 35 -
3"* Ohio Yes - N.S. 300 max. 325 max. Dry 15 30 1*5 1*5 
35 Okla. Yes No intermixing 325 max. 250-300 325 max 0.5 5 30 35 35 
36' Oreg. Yes - 325 max. 300 max. 250-325 N.S Thorough 30 H S. -
37 F a . Yes >*-ft. l a y e r s H.3. 250-325 225-325 Dry Thorough 1*0 1*2-1*5 -
38 B . I . Yes - 300-375 250-350 275-350 N S. 15 1*5 60-75 
39 S C. Yes No segregation 250-350 - 250-350 N.S Thorough 1*5 1*5 -
•to S.Dak. Yes - - - 235-325 1.0 - - 35 35 

1*1 Tenn Yes Ho segregation 300-1*00 250-325 1*/ 250-325 N S - - 30 1*0 
5/ 200-300 

1*2 Tex. Yes - V a r i e s 180-350 200-350 N.S. 5-20 30 35-50 35-50 
Utah No _ 250-320 250-325 250-300 - - ?° - -

1*1* Vt. Yes - 275-350 - 275-350 - Thorough h 
1*5 

1*5 -
1*5 Va. Yes 5-ft. l a y e r s 225-300 225-275 225-275 0.2 15 

h 
1*5 60 1*5 

1*6 Hash. Yes i * - f t l a y e r s 300-385 250-325 260-375 N S - 30 - N.S 
1*7 H Va. Yes Preserve 300 max. 250-300 200-300 0.5 to 1 0 15 1*5 60 60 

q u a l i t y 
1*5 60 ± 1*8 Wise Yes N.S 225-350-B 250-350 250-350 1.0 Thorough 1*5 60 ± -

275-375-s 
1*9 Wyo. No N S 250-325 275-350 250-350 1 0 - 30 Thorough 30 
50 Ontario Yes Layers 325 max 275 max N S . N S 15 25 1*0 35 

1 / B = binder-course m a t e r i a l ; S • surface-course m a t e r i a l 2 / Formula Puwnill Dead Capacity ( l b s ) 
P u s n i l l Output ( l b s . / s e c ) 

1/ 
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TABLE 10, PART I (continued) 

ir Datarmli 53" 

nula g/ 
Hot reportad 
Hot reported 

Temperature Bequiremente 

N.S. 
15 

gniU dead capaeltr . 

U.S. 

60 

l»0 

m»ture at WMJST 

N.S. 
250-325 

N.S. 

225-325 
265-325 
255-305 
225-350 
250-31*0 

200-100 

N.S. 
N.S. 
i 25 

U.S. 

Flaeement 
spraaaisg mi 

iFlnlahlag Mwhlne 
Qperatma Speed 

N.S. 
i 25 
N.S. 
± 80 
i 30 

f t . per mln. 

N.S, 

la r t TBiejoieaeea 

BlaAer 
Inshee 

Not uaed 
3 

N.S. 
N.S. 

10-20 
».s. 

Surface 

2 
2 
1* 
2 
2 

BaraaLLT Flaeed 

Not uaed 
2-3 

1* 

Surface 
ineliae 

2 

i t 
1 * 
1 

1 Ala. 
2 ArlE 
3 Ark. 

Ca l i f , 

5 Colo. 
6 Conn. 
7 Del. 
a D.of C. 
9 J l a . 

10 da. 
1,1 Idaho 
12 111. 

13 Ind. 
Iowa 

15 Kiaiu. 

16 Sr. 

Not reported 

rated capacltr of riant 
itlnuottB plant not used 

ho 

ho 
1*0 

250-325-B 
250-350-S 
225-325 

250-275 
225-325 

885-300 

tlnuoua plant not used 

1*0 
32 r i s i n g 
38 f a l l i n g 

1*0 
1*0 

250-325 
275-325 
225-350 

250-300 
280-375 

^ 2 0 

t 20 

t 20 
N.S. 

20-25 

N.S. 

35 n a i . 
10-20 

1*0 
-55-

N.S. 

- y 2 5 
t 25 

* 20 

120 

i 20 

t 20 

_25J 
N.S. 
N.S. 

5-30 

N.S. 
5-20 p.70 p.s.y. 

4 i -

_20j J L . 

130 p.s.y 

J L . 
2 
1 
1* 

100 p.s.y. 

1 3 ^ 

17 
18 m. 19 m. 
20 Nssa. 
21 Hleh. 

22 mnn. 

tlauous pleat not used 
i d U output 

aula 
aula 

blnuous plant not used 
aula 
w l t y of mixer, dr i e r and 
U l t pump 
aula 
reported 

ho 
1*0 
1*0 
50 

3! r i s i n g 
ho f a i l i n g 

50 
35 

35 

ho 
J o 
- 5 5 — 

1*0 

21 
1*0 

5-325-B 
250-350-S 
200-350 
300 max. 
275 max. 
275-325 
225-350 
325 a«g, 
a5-s5J 

-125 

± 2 5 
t 10 
t 20 
t 20 
N.S. 

225-275 
225-325 

T - i r 
N.S. 
t 30 

N.S. 
10-20 
10-30 

5:50. 

2 

I * 
2* 
1 

4-^ 

N.S. 

1*0 

lula 
u l a 

50 

1*0 
1*5 

225 Bin. 
2U0 mln. 
225-300 
250-300 
8S5-3M 
250-375 
250-350 
250-325 

l*/225-300 
5/175-275 

N.S. 
250-100 

+ 20 
N.S. 

T I T 
1 2 0 

i 10 

t 20 

i 30 
275-325 
225-275 
250 min. 
200-300 

225-325-B 
250-350-S 
250-350 
N.S 

1 2 5 
t 20 

N S. 
N.S. 

-5B-i 

N.S. 
30 a»z.-B 
20 aiax,-B 
30 max. 

As required 

10-50 

1* 
3 

1 
2 

Ver. 
1* 

ATold tearing 
30 ma. 

10-30 

Avoid tearing 
10-20 

2 
3 

It 

" 5 " 

2-3 
2 

1 - i i 

a i 

2 
l i 

I F 
2 

1-3 

l i 

1* 
2 

1 
l i 

l i 
l i 

l i 
1 

- i i -

l i 

i3 Mies: 
2U No. 
25 Mont. 
26 Nelir. 

Vb 
29 

H.E. 
N.J. 

ib N.it. 
31 N.y. 
32 N,C, 
33 N.Dak. 
31* Ohio 
35 Okla. 
36 Oreg. 
38 B.I. 
39 S.C. 
1*0 S.Dak. 
1*1 Tenn. 
1*2 Tex. 
•a W»h 
1*1* Vt. 
1*5 Va. 
1*6 Wash. 
1*7 W.Va. 
I18 Wise. 

1*9 Wyo. 
50 Ontario 

lecified i n specifications. y Stone. 2/ OraTel. 
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TABLE 10 
BITOMINOUS CONCRETE CONSTRUCTION REQUIREMENTS - PART I I 

Conipactio a 
B o i l i n g Requirements 

Agency Max Tons Per 
Eoller-Hour 

Minimum Num
ber of B o i l e r s 

B o i l e r 
Types 5 / 

Other Bequirements Maximum 
R o l l e r Speed 

1 Ala. 
2 A r i z 
3 Ark. 
U C a l i f 
5 Colo. 

30 
2 / N.S. 

50 
100 

2 
N.S. 
N.S. 
N.S. 
2 

T or W 
T or P 
T or W 
T, P, or W 
T and W 

mph 

2 
N.S. 

N.S. 
N.S. 

6 Conn. 

7 Del. 
8 D.of C. 
9 F l a . 

10 Ga. 
11 Idaho 
12 111. 

25 

1*0 

N.S. 
75 

1 

2 
2 
2 
N.S. 
1 
2 

T and W 

T and U 
T 
T 
T or W 
T 
T and W 

F i r s t r o l l e r tandem, a d d i t i o n a l 
r o l l e r s 3-wheel 

One r o l l e r per 1*50 s.y. per hr. 

One tandem and one 3-wheel for 75 ton/ 
hr. or l e s s ; a d d i t i o n a l r o l l e r s tandem 

3 

N.S. 
1.5 

N.S. 
3 

N.S. 
1.8 

13 Ind. 
l l * Iowa 
15 Kans. 
16 IQsr. 
17 La. 
18 Me. 

1*0 
N.S. 
25 
50 
N.S. 

2 
2 
N.S 
2 
N.S. 
N.S. 

T and W 
T and W 
T or W 
T or W 
T or W 
T 

One 3-wheel to two tandem max. r a t i o 
Only one 3-wheel r o l l e r per job 

Only one 3-wheel r o l l e r per job 

I n i t i a l r o l l i n g with 2-axle tandem, 
f i n a l with 3-axle tandem; not over 
200 s.y. per r o l l e r p e r hr. 

N.S. 
N.S. 
1.5 
N.S. 
N.S. 
N.S. 

19 m. 

20 Mass. 
21 Mich. 
22 Minn. 
23 Miss. 
2l* Mo. 
25 Mont. 

3 7 i 

50 
35 

To obtain f i n i s h 
80 

N.S. 

N.S. 
2 
2 
N.S. 
2 
2 

T 

N.S. 
T 
T and W 
T or W 
T or W 
T and W 

One r o l l e r per 3OO s.y. per hr; 2-axle 
or 3-axle tanden only. 

Two r o l l e r s for each spreader 

Tandem r o l l e r preferred 

3 

N.S. 
N.S. 

3 
3 
3 
3 

26 Nebr. 
27 Nev. 
28 N.H. 
29 N.J. 
30 N.M. 
31 H.y. 
32 N.C. 
33 N.D. 

1*0 

50 
25 

N.S. 
N.S. 
N.S. 
2 
3 
N.S. 
N.S. 
2 

T and W 
T 
T 
T and W 
T,W nnd P 
T or W 
T 
T or W 

Eequire 3-axle tandem 
F i n a l r o l l i n g by 3-axle tandem 
One r o l l e r per 1000 s.y. per hr. 
Two of three to be s t e e l - t i r e d 

One r o l l e r per 1000 s.y. per hr. 
Must obtain required f i n i s h 

3 

N.S. 
3 

Avoid displacemeni 
3 
3 
3 

3!* Ohio 
35 Okla 

36 Oreg. 
37 Pa. 

30 

75 
30 

2 
2 

N.S. 
2 

T and W 
T,W and P 

T or W 
T and W 

Pneumatic r o l l e r s permitted i n excess 
of two 

Additional r o l l e r s s h a l l be 3-wheel 

2 . 5 
N.S. 

Avoid displacemen 
Avoid displacemen 

38 E . I . 
39 S.C. 

100 
N.S. 

2 
N.S. 

T and W 
T 

N.S. 
Avoid displacemen: 

1*0 S.D. 

1*1 Tenn. 

2 

2 

T or W 

T and W 

One tandem and one 3-wheel required 
per spreader 
One r o l l e r per 500 s.y. per hr. 

3 

N.S. 

1*2 Tex. 

1*3 Utah 
1*1* Vt. 

1*0 
150 

2 

N.S. 
1 

T and W 

T,W and P 
T 

One tandem and one 3-wheel, or one 
2-axle and one 3-axle tandem 

Additional r o l l e r per 200 tons per hr. 

N.S. 

N.S. 
3 

1*5 Va. 
1*6 Wash. 
1*7 W.Va. 
1*8 Wise. 
1*9 Wyo. 

50 Ontario 

35 

30 
30 
1*0 

1*0 

2 
2 
N.S. 
N.S. 
3 

2 

T and W 
T or W 
T or W 
T or W 
T,W or P 

T or W 

Two r o l l e r s for each spreader 

Must include one 3-axle tandem. Add 
r o l l e r for each 1*0 tons/hr. over 16O. 

Avoid displacemen 
Avoid displacemen 

1-7 

Avoid displacemen 

3 

Type of s p e c i f i c g r a v i t y of aggregates used i n thecsretioal c a l c u l a t i o n of density of voldless mass-
A - Apparent s p e c i f i c g r a v i t y . 
B - Bulk s p e c i f i c g r a v i t y 
S - Bulk, surface dry s p e c i f i c g r a v i t y 
V - Vacuum saturated 

Not s p e c i f i e d i n s p e c i f i c a t i o n s . 
Not s p e c i f i e d , but considered d e s i r a b l e . 
Percentage values selected for each project i n d i v i d u a l l y . 
T = Tandem, W = 3 wheel, P = Pneumatic. 

R e l a t i v e d e n s i t i e s ( v o l d l e s s , apparent s p e c i f 
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19^ P r a c t i c e 

Density Hequirements 
H e l a t i v e D e n s i t y 
Binder 
percent 

85 
2/ K.S. 

2/ 97+ 
2/93-96 

n.s. 
95+ 
95+ 
N.S. 
95+ 

Surface 
percent 

yO 
N.S. 

2/ 97+ 
95+ 

Density upon Which r'ercentage 
Bequirepients are Based 

2/93-96 

90+ 
95+ 
95+ 
N.S. 
95+ 

88+ 
N.S. 
98 

94-98 

92+ 

92+ 
N.S. 
N.S. 

, ^ 
94- 97 
95- 98 2/91-92 

90 
2/ 95+ 

N.S. 

N.S. 
95+ 
N.S. 

90+ 
N.S. 
98 

9̂ -98 

Voidless - A 1/ 

^'oidless - A 
Yoidless - B 1/ 
Voidless - V 1/ 

Voidless - A 
Voidless - B 
Hubbard-Field compacted specimen 

Voidless - A 

92+ 

92+ 
N.S. 
N.S. 

• ^ 

94- 97 
95- 98 

92+ 

92+ 
2/ 95+ 

N.S. 
N.S. 

2/85-90 

2/91-96 

92+ 
95-99 
90+ 
N.S. 

N.S. 
2/95 

N.S. 

2/91-92 
90 

2/ 95+ 
N.S. 

92-96 
N.S. 
95+ 
N.S. 

90-95 
92+ 

92+ 
2/ 95+ 

9̂  
N.S. 

Not stated 
Voidless - B 

Mu-shall compacted specimen 
Voidless - A 

Voidless - A 

Voidless - B 

Marshall compacted specimen 
Voidless - A, B 
Voidless - S 
Voidless - B 
Not stated 
Voidless - A 

Voidless - A 

Voidless - B 

Other 
Required 

Surface Smoothness 
Binder 

l/4"-10' 

3/8' -10-
N.S. 
1/8'-10' 
N.S. 

l /4"-i6' 
N.S. 
l / 4 " - i o ' 
3/8"-10' 
N.S. 
l/4"-10' 
l/4"-10> 
1/4' -10• 
l/4"-10' 

1/16--1' 
3/l6"-10' 
l/2"-20' 

Surface 

1/4"-10' 
l/4"-10' 
l/4"-10-
1/8 -10' 
l/4"-10' 
lA"-10 

l/4"-l6' 
3/l6"-10' 
l/4"-10' 
l/4"-i0' 
l/4"-lo 
1/8"-10-

l/8"-10' 
l/8"-10' 

3/l6"-10' 
l/8"-10' 

3/l6"-10' 
l/4"-20> 

l/8"-10' 

lA"-10' 
N.S. 

l/8"-10' 
l/4"..10' 
l/2"-10' 

N.S. 

2/85-90 

2/91-96 

92+ 
95-99 
90+ 
N.S. 

N.S. 
2/ 95 

N.S. 

Voidless - B 
Voidless - A, B 

Voidless - A 
Voidless 

Hubbard-Fleld compacted specimen 

Voidless-A ( f l e x i b l e , 85 percent; 
r i g i d , 90 percent) 
Voidless - A 

Voidless - A 
Marshall compacted s-peclmen 
Voidless 

Voidless 

l/4"-10' 

3/l6"-10' 
l/4"-l6> 
l/4"-l0' 
lA"-10' 
lA"-10' 

3/l6"-10' 
l/l0"-10' 

F l e x , base lA" 
Rigid base l / 8 " 

N.S. 

l/8"-10' 

l /4"-l6' 
l/4"-10' 

3/l6"-10' 
1/8"-10' 
1/8"-10' 

3/16"-10' 
3/16"-10' 

l / 4"-lO' 
3/l6"to l / 8"-lO' 

3/16"-10' 
1A"-16' 
1/4"-10' 
l/4"-10' 

Agency 

1 Ala. 
2 A r i z . 
3 Ark. 
4 C a l i f . 
5 Colo. 
~5 Conn. 

7 Del. 
8 D.of C. 
9 F l a . 

10 Ga. 
11 Idaho 
12 111. 

13 Ind. 
14 Iowa 
15 Kans. 
16 Ky. 
17 l a . 
18 Me. 

19 Md. 

20 
21 
22 

I 23 
24 
25 

N.S. 

lA"-12' 

lA"- l6 ' 

N.S. 
N.S. 

l /4"-l6' 
N.S. 

N.S. 
l/4"-10' 
l/8"-10' 

3/16"-10' 

1/10"-10' 
Flex.base l /4"-l6' 
iBigid base l /8"-l6' 

2 r 
27 
28 
29 
30 
31 
32 
33 

Mass. 
Mich. 
Minn. 
HLSS. 
Mb. 
Mont. 

l/8"-10' 
lA"-12' 

1/4"-12' 

l/4"-l6' 

l/8"-10' 
l /4"-l6' 
l /8"Il6' 
l/8"-10' 
l/8"-10' 
l/4"-10' 
l/4"-10' 

1/8"-10' 

35 

BebrT 
Nev. 
N.H. 
N.J. 
N.M. 
N.Y. 
N.C. 
N.D. 
Ohio 
OlOa. 

36 Oreg. 
37 Pa. 

38 E . I . 
39 S.C. 
40 S.D. 

41 Tenn. 

42 Tex. 

43 Utah 
44 vt. 45 Va. 
46 Wash. 
47 W.Va. 
48 Wise. 
49 Wyo. 

50 Ontario 

g r a v i t y ) of 92+ percent f a r heavy t r a f f i c and 90+ percent for medium t r a f f i c . 
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TABLE 11 
BITUMINOUS CONCRETE EQUIFMENT REQUIREMENTS - PART I 

Agency 

X t u l m n i t 
Used i n Conver-
ing Aggregate 
t o CoU Bins 

n.ulimmt^n..d i n Storlni. an* r^lKC CoU A a m j a t j i i 

H a e W c a i 
Feeder 

Betulred 
NoTKllT Used 

A i j u s t a b l e tar 
Proportional 

Feed 

lulreaenU far TeeJarli " 

for 
iTotal Teed 

2 Ariz 
3 Ark 
4 C a l i f 

5 Colo 
6 Conn 

7 Del 

C l u h a l l 

us 1/ 
CUmahell 
Ormvltr b e l t and tunnel 

II S. 
It 3 

H S 
H S 
2 

K S 
H S 

Supply fun miier capacity 

H S 
H S 

S S. 

Supply plant-rate 

Tea 
Yes 

Yea 
:Hot required, 
Ibut uaed 

Ho 

Combination 
Individual 

Ccnbination 
Ccnpartment 

Cosaartnant 

CoBpartmanT' 

Yes 

Yes 
Yea 

Yes 

Yao 
Yes 

Yes 
Yes 

g D.ofc. 

9 Pla. 

10 Oe 

11 Idaho 
12 111 

Clamshell 

Dragline 

Bulldoser 
Crahe and elevator 

« s 
Hot leas than 3< di 
capacity of mlaer 

Yes 

Yes 

Ho 
Yes 

Cctfbination 

Compartment 

Yei 

Yes 

No 
Yes 

13 M . 

14 I o n 

15 nna 

16 Sr-

Clamshell 

Clamshell 

H S 

2 

Supplj plant-rate 

Supply plant-rate 

Yes 

Yes 

Yes 

Combination 

Cofbinatlon 

T T T S 

IS A . 
19 MS. 

20 Ataas 
21 Mich. 

IragUna and conveyor 
b e l t 
Clamshell 

X.S. 

R S. 

Fover shovel and 

Conveyor b e l t 

Una f o r each 
aggregate aisa 

One for each 
aggregate size 

o — 
Supply plant-rate 

Supply f u l l mixer 
capacity 

Yes 

Yes 

Yes 
Yea 

K S. 

ecBparfaasnt 

Compartment 

Ccmpartmant 

Compariawnt 
Ccmpartmant 

Reciprocating 

Yea 

Yes 

Yes 

T e s -

Yes 

Yes 

Yea 
Yes 

Yes 

"YST" 

Yes 

Yea 

Ho 
Yea 

Tsr-

Yaa 

Yas 

Yea 
Yea 

23 tUas. 

24 Mo 

25 Hont. 

26 Hebr. 

27 Hev. 

Crane or b e l t 
conveyor 
H.S 

Conveyor b e l t 

Clamahell 

Belts 

TBriaa as t o type 
of mixture 
One for each 
aggregate alze 

One for each 
ag(p>egate aisa 

Supply n i l l mixer eapaeizy 

H S. 

Supply f u l l mixer capacity 

H.S. 

Tos 

Yea 

Yea 

Yea 

Yes 

Ttmant 

Individual 

Cceiblnaticn 

Ccmpartmant 

Individual 

Yea 

Yas 

Yas 

Yes 

Yes 

Yea 

Yes 

28 H.H. 
29 X.J-

30 H.M. 

31 H.Y 

32 X.C. 

Trucks 

H.S. 

H.S. 

H.S 

One for each 
aggregate aize 

33 B.Dsk. 
34 Ohio 

35 Okla. 

36 CIreg 

i1 
38 B.I 

39 S.C. 
40 S.Dak 

41 Tenn. 
42 Tex. 

43 Utah 

T F Tt 

45 Ta 

46 Vaah. 

47 V. Ta. 
48 Viae. 

49 Wyo. 

50 Ontario 

Ibchanical means 

Clamshell or truc> 

Bulldozera or 
clamshell 

Separate tunnala 

One for each 
amgeaate siae 

Supply f u l l mixer capacity 

Yea 

Yea 

Yea 

Yes 

Yes 

One f o r each 
aggregate aize 

One for each 
aggregate aize 

Ho leas than 3x dead-load 
capacity of mixer 

I n exoesa of mixer capacity 

Clamahell 
Belt and bucket 

Clamshell and conveyor 
b e l t 
Clamshell 3+ 

H.S. 

Clsmahell 

Belt and elevator 

Haehanieal 
Clamshell and bulldozer 

2 
R S. 

Bucket elevatora 

H.S 

T i s 

Yes 

Yes 

Yes 

Ccmpertment 

CoHbisaticn 
(apron type) 
Compartment 

Beciprocating 
y v i b r a t i n g 

Yea 

Yea 

CcBbinaticn 

Conpertmant 

Compartment 

Individual 

Yea 

Yea 

Yea 

Yes 

Supply plant-rate 

Supply plant-rata 

Supply plant-rate 

' capacity 

Yes 

Yea 
Yea 

loptional 

Yes 

Yes 

Yea 

Yes 

Ho 
Yes 

Ho 

Yes 

I n l l v l i u a l 
Conpertmant 

Compartment 
Individual 

CcBlbination 

Ccmimrtmsnt 

T s r -
Yes 

Compartmant~ 

Canpertnant 

Individual 

Conpertmant 
Compartment 

Compartment 

Comparlaaant 

Yes 

Yes 

Yea 

Yea 

Tea 

Tea 

"YC" 

T s r -
Yea 

Y i i ^ 
Yea 

Yes 

1/ Hot apecified i n apeoifications. 
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1954 Practice 

Requirements for Aggregate Screens 

nts 
Scalping bcreen 
Opening Belated 

t o Maximum 
Aggregate Size 

Required 
Capanty 

of Screoni 

screening Efliciency 
(Tolerances i n Specified Bin Sizes) Agency 

proportions 

pronortlons 

l / l * i n l i r g e r 

1/8 i n larger 
1/8 i n larger 
1/4 i n larger 

H S 

Ho scalping screen 

1/8 In largOT 

In excess of 
mixer capacity 

S 
H S 

Prevent overflow 

TX 3 
I n excess of oixer 
c a p a c i ^ 
In excels of mixer 
capacity 

Hot specified 

Hot specified 
Hot specified 

Hot more than 10 p t t undersize material i n any one b i n Hiximuni va r i a t i o n per day 
6 pet on Wo 4 sieve, 5 pet on Ko 30 sieve, 3 pet on Ho 200 sieve 

Hot specified 
Hot specified 

Hot specified 

1 Ala 

2 Ariz 
3 Ark 
4 C a l i f 

5 Colo 
6 Conn 

7 Del. 

PK-Qportions 

proportLon 

o f 3 sizes 
srtions 

1/4 In larger 

1/8 i n larger 

l/h In larger 

n S 
1/? In leoTger 

Synchronized with 
speed of plant 

I n excess of mixer 
capacity 
I n excess of mixar 
capacity 

H S 

Hot more than 5 pet i n any bin larger tban top-size screen for bin^ not more than 80 
p e t i n interned late-size-aggregate bin smaller than bottom-size screen for bin^ not moi 
than 10 pet i n large-size-aggregate b i n smaller than botton-size screen for b i n 

Hot specified 

Ho carryover 

tfeucinum carryover of 8 percent 
Size No 1 90+- pet pass Ho 10 sieve Size Ho 2 9> pct pass l / 2 - i n sieve, 
15- pct pass Ho 10 sieve Size Ho 3 95f pct pass 1-in sieve. I 5 - pct pass 
1 ^ - i n sieve 

8 D of C 

9 n a 

10 Ga 

11 Idaho 
12 111 

propca^tloQs 

3S 

proportions 

of 3 sizes 
srtions 

No larper 

H S 

1/16-1/4 m 
larger 

In excess of mixer 
capacity 

I n excess of mixer 
capacity 
I n excess of mixer 
capacity 

Hot more than ̂  pct i n any b i n larger theui designated top size, not more than 10 pei 
i n No 2 b i n t o pass Ho 6 sieve, not more than 20 pct i n Ho 3 b i n t o pass l / 2 I n 
sieve 

Hot specified 

Hot specified 
Not more than 5 pct i n any b i n larger than top-size screen f o r bins not more than ̂  
pct i n Ho 2 b i n passing top-size screen f o r No 1 bin. not more than 10 pct i n Ho 
3 bin passing top-size screen l o r No 2 bin, not mora than 1^ pet i n Ho 4 b i n 
passing top-size screen f o r Ho 3 b i n 

13 Ind 

14 lona 

15 Sjans 

16 ^ 

es 

eparate bins 

es 
es 

o l 

1/4 i n larger 

1/4 In larger 

1/8 i n larger 

1/8 In larger 

1/8 i n larger 

It & 

12^ pet of plant 
rated capacity 
I n excess of mixer 
capacity 
Min of ̂  ton/hr 
I n excess of mixer 
capacity 

ts S 

Not specified 

Hot specified 

Efficiency of 85 percent, based on laboratory sieves 

Hot specified 

Tolerance of 10 percent, maximum of 5 pct r e t Ho 10 sieve for sand 

Not specified 

17 l a 

IS m 
19 m 

so Mu5 
21 ttich 
22 Minn 

n l c o l feeder 

proportions 

ices As 
ngineer 

1/U i n larger 

1/8 i n larger 

I n excess of pro
duction requirement 
I n excess of mixer 
capacity 
I n excess of mixer 
capacity 
Prevent i n t e r ' p t l o n 
of plant production 
I n excess of mixer 
capacity 

Not specified 

Efficiency of 85 percent, based on laboratory sieves 

Hot specified 

Not specified 

Hot specified 

23 HiSB 

24 Ho. 

25 Hont 

26 Babr 

27 HOT 

meal feeder 

Ql 

proportions 

taents far 
t i o n a l feed 

H S 

Ko larger 

1/4 In larger 

1/16-1/8 m 
larger 
1/8 i n larger 

Hin of equivalent 
t o mixer capacity 
I n excess of mizsr 
capacity 
I n excess of mixer 
capacity 
I n excess of mixer 
capacity 
I n excess of mixer 
capacity 

Hot specified 

Not specified 

Maximum carryover o f 10 percent 

Hot specified 

Hot specified 

28 IT a 
29 K J 

30 n M 

31 » I 

32 N C 
n l c a l feeder 

proportions 

b i c a l feeder 

i control 

JJo scalping 
screen 

1/16-1/h i n 
larger 

l/B i n . larger 

N S 

In excess of mixer 
capacity 

I n excess of plant 
production 

Hot specified 

Bin Ho 1 ^ pct max retained Ho 6 sieve Bin No 2 lO pct max retained l / 2 -
i n sieve, 13 pct max pass No 6 sieve Bin No 3 ^ pct max retained 1-ln 
sieve, S3 pet, max pass 1 ^ - l n sieve Bin No 4 0 pct retained 2-in sieve, 
i3 pct max pass 1-in sieve 
31n Ho 1 mineral f i l l e r Bin Ho 2 90-IOO pct pass Ho 10 sieve Bin Ho 3 
35-100 pet retained Ho 10 sieve, 85-100 pet^ pass 1 ^ - l n sieve Bin No 4 
3^-100 pct retained l / 2 - l n . sieve, 100 pet.pass topsize sieve 

Not specified 

33 H I>ak 

34 Ohio 

35 Okla 

36 Oreg. 
t i c a l feeder 
Bd 

proportions 

riical feeder 

r a t e 

echenical 

N S 
N S 

1/8-1/4 i n larger 
tfo scalping screen 

IT S 

H S 

Meet ASTM-D-995-51 

Equal t o output of 
d r i e r 
I n excess of mixer 
capacity 
I n excess of mixer 
capacity 
I n excess of mixer 
capacity 

Eff^f-iency of U5 percent, based on labaratcry sieves 
Not specified 

Hot specified 
Not specified 

Hot specified 

Efficiency of 8^ pct based on labcratory sieves, except that at least 90 pct of 
nate r i a l i n fine-size b i n must pass Ho 10 sieve 

Hot specified 

37 » . 
38 B I 

39 S C 

40 S Sak 

41 Tenn 

42 TQZ. 

43 Dtah 

proportions 

1/8 i n . larger 

1/16 i n larger 

1/16-l/B i n 
larger 
l / 2 i n larger 

If S 

ir.s 

H S 

I n excess of plant 
capacity 
I n v e n t interupticoi 
of plant production 
300 tons per day 

N 5 
In excess of mixer 
capacity 
n̂ excess of mixer 

capacity 
IT S 

Hot specified 

Ho 2 Bin not more than 10 pct. undersize No 3 b i n not more than 15 pct 
undersize No 4 b i n not mere than 20 pct undersize 
'lus or minus 10 pct. undersize or oversize f o r screen uaed 

Not specified 
Hot specified 

Not specified 

Hot specified 

44 Tt. 

45 Ta. 

46 Vash 

47 w Ta 
48 Wise. 

49 Wjo. 

50 Ontario 
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TABLE 11 
BITUMINOUS CONCRETE EQUIPMENT REQUIREMENTS - PART I I 

Equlpaent Used During i^rocesalng o f Hot Aggreaata Btomge and BeBtlng o f B i t i 
HeQulrenenta f o r uot-Aggremte-illna TnenDcoe'cric js uipoent for ASErega t e s Tfiermceh 

Type o f I n s t r u B s n t HumtMr of Type o f I n s t r u 
Agency Rumhe r or Perm i t t a d Recording Tenninols Beq'd Bequured Instrument Required ment Ifeed 

Conpei tasents Hlniimm Pyro Thermo Instrument 1 S i n g l e Dual S e n s i t i v i t y and Ca p a c i t y of Pyro Thsmo 
B l n J e r Surface C a p a c i t y meter meter Kequired B r i e r D r i e r E f f i c l e n r y Storage Tank meter meter 

1 A l a 3 3 1 Supply f u l l mixer c a i a c i t y Yes Yes Ho li 5 - One day's run Ho Yes 

2 A r i z 2 D S 1/ H S n s Ho H S II S - n 5 " " 
3 Ark 3* 3+ H S Yea Yes HD 1 - - H S Ho Yes 

4 C a l i f 3 3 N S Yes Yes Ho H S H S 10°F i n one minute H S Ho Yes 

5 Colo 3 H S Yes Tes Yes H S H S H S H S H S H S 

— r Conn 3 3 Hin Of 2 ? ton per haur- Yes Ho Hb b & H S H S 1 0 hours o p e r a t i c n Ho Yes 
Bupply f u l l mixer c a p a c i t r 

7 De l 4 3 SuiQily p l a n t - r a t e Yes Yes Xes H S H S H S One day's run Ho Yes 

6 D of C 3 3 _ Yes Yes Ho 1 1 - - Ho Yes 
9 F l a 2 3 Supply f u l l mixer c a p a c i t y Yes Yes Yes 1 2 H S One day's run Ho Yes 

10 Ga. 2+ 2+ Hot l e s s than 3 times dead- Yes Yes Ho 1 2 - One day's run No Yes 
load c a p a c i l T o f mixer 

• l l Idaho _ 3 Yes " " t e s " tto H & H b H & n S Ho Yes 
12 t i l 3 3 Hin c a p a c i t y of 6 tooa Yes Yes Yes 2 3 H S One day's run Yes Yes 

13 iQd 3 3 - Yes Yes Yes - - - One day's run Ho Yes 

14 Iowa 3* 3* Suiqily p l a n t - r i t e Yes Yes Yes - - One day's run Ho Yes 
15 Kans 3 3 3 t i n e s mixer capac.ty Yes Yes Yes 3 3 lO^^F i n 1 ^ nlnutes n S Ho Yes 

16 »y 3 3 Supply p l a n t - r a t e Yes Ho Yes 1 1 H S One day's run Ho Yes 

17 L a 3* 3+ N S Yes Yes Yes 1 1 K S H b Ho Yes 
I S Ha 3 4 Supoly p l a n t - r a t e Yes Yes Ho 1 2 !I S Hin 10,000 g a l Sr Yes 
19 Hd 3* 3+ Supply f u l l mixer c a p a c i t y Yos Yes Ho 1 2 3 S H S - -20 :ta88 Yea lib lo - - - Min ' , 00 f p l Yrs YOB 
21 HICh •» ? 1 0 t i n e s Qixer e p a c i t y Yes IIo jlo 1 1 rci one minute One d ly'a r u i IIo Yes 
22 Hlnn 3 3 T t; II 5 J S Ho n s II S - P "> Ho Y" 

23 Hisa V a r i e s ( s t o bapi l y f u l l mixer c a p a c i t y Yea Yec He n s H S 11 S II S IIo Yes 
type of nixture 

Sk Ho 3» 3+ N S Yes Yes Ho - - - Hin o f 2 tanks i f Ho Yes 
d e l i v e r e d hy truc k 

25 Hont 2 3 SupplT f u l l mixer c a p a c i t y Yes TPC Yes 1 2 H S One day's run Yes Yes 

26 Nebr 2+ 2+ N 5 Yes Yes Ho 1 - IT S H S No Yes 
27 Bev 3 3 - Yes Yes Ho 1 - - H S Ho Yes 

28 N H 3* J t _ Yes Yes Ho . S S Ho Yes 
29 B J 3+ 3* Supply p l a n t - r a t e Yes Yes Ho 1 2 One day's run Ho Yes 

30 N H I 3 - Yes Tes Xes 1 - - One day's run Ho Yes 
31 11 Y 4 4 Hot l e s a than 3 times dead- Yes Yes Ho 1 - H S H S - -31 

loed c a p a c i t y of mixer 
32 H C 3 3 Supply f u l l mixer c a p a c i t y Yes Yes Yes 1 - Us d i r e c t e d One day's run IIo Yes 
33 H Dak One for lach s i z e Hot l e s s than 3 times dead- Yes Yes Yes H S H S H S One day's run Ho Yes 33 

aggregat 3 used load c a p a c i t y of mixsr 
3l> Ohio _ 3 - Yes Yea Yes 1 1 - One day's run No Yes 
35 O k U 3* 3 Supply p l a n t - r a t e Yes Yes Ho H b H S V s One de/'s run Ho Yes 

36 Oreg 3 3 Supply p l a n t - r a t e Yes Yes Ho - - - Arovlde continuous Ho Yes 
operation 

37 Fa 3* 2+ - Yes Yes Yes 1 1 to 2 - H S Ho Yes 

38 B I 4 4 - Yes Yes Yes 1 - - K S Ho Yes 

39 S C 2+ 2+ Yes Yes No 1 2 - One do)•8 run Ho Yes 

40 S Dak 3- 3- _ Yes Yes Ho 1 _ lO^F Provide continuous No Yes 
ODeration 

I>1 Tenn 3* 3* Supply p l a n t - r a t e Yes Yes Yes H S H S H S d i t t o Ho Yes 
42 Tea 4+ 4+ - Yes* Yes Yes H S H S n s H S Ho Yes 

l'3 Utah 3 3 Supply p l a n t - r a t e Yes Yee Yes 1 2 H S Provide continuous No Yes 
operation 

44 v t 3 3 ^ P i l y p l a n t - r a t e Yes Yes Yes 1 + - - I n excess o f p l a n t Ho Yes 
c a p a c i t y 

115 Va 3 3 Supi-ly p l a n t - r a t e Yes Yes Yes 1 2 H S One day's run Ho Yes 

46 Wash 3 3 - Yes Yes Yes 1+ 1 + - H S Ho Tes 

li7 W Va 3 2 Yes Yes Yes 1 - H S Hin :JOO g a l No Yes 
48 V i a e 3 2+ If S Yes Yes l o 1 2 n S I.O Yes 

49 Vyo 3 3 Supi l y p l a n t - r a t e Yes Yes Yes H S N S - Oae day's run IIo Yes 

50 Ontario 3 3 3 times mixer c a p a c i t y Yes Ho Yes 1 H S N 5 One dcy's run No Yes 

1 / Not s p e c i f i e d i n speci.ncatlonB 
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ordinQ 
s t r u 
t t e d ] 

Required 
Instrument 

S e n s i t i v i t y 

Type of I f a l n g P l a n t 
P e m i t t e d 

[Contln-
[Batch I uoiifi 

Jfam^Uj Used 
TCoritin-

HequlraiientH f a r Mixing P l a n t s 

Aggresate Weighing 
Equlpnent (Batch t l a n t ) 

a c q u i r e d Accuracy 

Multiple beam, jO 5 pet o f max load 
s p r l n g l e s s d l a l j 

{ t t t l t l p l e beam, 
s p r l n g l e s s d i a l I 

d i t t o 

S c a l e s 
H i l t i p l e : 
'or sprlnglaee 
d i a l 

d i t t o 

d i t t o 
d i t t o 

[Sprlngless d l a l j 
d i t t o j 

j H u l t l p l e bee 
s p r l n g l e s s d i a l 

d i t t o 
d i t t o 

d i t t o 

0 5 pet o f D load 

Hot g r a a t a r than 2 pet f o r 
any s o t t i n g nor 1 5 pct 
f o r any batch 
O 5 p c t o f load 
0 5 p c t o f S S d -

10 1* p c t through load range 

0 5 pct 
0 5 pct 

0 5 pct of load 

+5 pounas"' 

d i t t o 
d i t t o 
d i t t o 

jSpringless d i a l 
o i t t o 

iMultiple beam, 
s i t r i n c l c s d i a l 

d i t t o 

0 If p c t of net load 

0 5 pct of load 

H S 
|0 5 p c t of load 

0 4 p c t o f veig h -hopper 
load 
0 5 pct of t r u e weight o f 
load 

0 5 p c t o f majE load, +5 Ibd 
1 0 pet o f nex load 

0 k p c t o f I load 

0 5 p c t o f lead 
0 5 pct of max load 
0 5 p c t o f max load 
0 ^ pct of max load 

b min gradation 
0 5 p c t of net load 

0 5 pct of load 

lYolume 

Meaaurlng Bltumlnoua t h t e r l a l (Batch P l a n t ) 
Measured by WeTgET 

*ype of " 
EqulpBent 

I s p r l n g l e s s d i a l 
'Spring-type s c a l e s i 
i S p r l n g l e s s d i a l | 

S p r l n g l e s s d i a l | 

Bequlrod'^KniBUBi 
Welgh-Buctet Capac i t y 

10 pet o f i d x e r c a p a c i t y 

Recordlog s c a l e s 
of a g g r a g a ^ ' 

iBeam or 
s p r l n g l e a s d i a l 

iBeam or 
s p r l n g l e s s d i a l 
•Scales 

^ p r i n g l e s B d i i J ~ 
S p r i n g l M S d i a l 

s p r l n g l e s s d i a l 

p c t 
might 

Hot g r e a t e r tban twice v t 
of a a t r l t o be weighed 

20 p c t of 

S c a l e s 

S p r l n g l e s s d i a l 
Beam or 

springleSB d i a l 

sprlDglesB d i a l 

& u m e i e n t f o r one ba t c h 
10-20 p c t o f mixer 
c a p a c i t y 
15 p c t of e g g r e ^ t e 
weight 

20 pct of mixer c a p a c i t y 

12 p c t of max mixer 

^'^^ 
|25 pct of r a t e d c a p a c i t y 
1 ? p c t of mixer c a p a c i t y 
jlO pct of mixer c a p a c i t y 
I s u f f l c i e n t f o r one butch 

H 3 
S u f f i c i e n t t o charge mixer 

2 A r i a . 
3 Ark 

8 D of C 
9 P l a 

11 Idaho 
12 l U 

11̂  Iowa 
15 'Kens 

16 ty. 

S i 
19 M 
20 Ifasa 
21 Hieh 
22 Wmi 

d i t t o 

d i t t o 

Hopper & s c a l e s 
j H u l t l p l e bean, 
s p r l n g l e s s d i a l 
I standard OBJCBB 
jveigh box or 
hopper suspend-
led on s c a l e 

Approved 
Approved 

'Sprlngless d i a l 
m i t l p l a beam, 
s p r l n g l e s s d i a l 

d i t t o 
d i t t o 

SprlnplesB d i a l 
I t u l t i p l e beam, 
s p r l n g l e s s d i a l 

10 5 pet o f load 
0 5 p c t of max load 

|0 5 p c t of mi 
1 SO pounds 

0 5 p c t of max load 

Beam or 
s p r l n g l e s s d i a l 
S c a l e s 

S c a l e s 
Beam or 
s p r l n g l e s s d i a l 

15 pct o f mixer c a p a c i t y 

S u f f i c i e n t f o r one batch 

n S 
IT S 

S u f f i c i e n t f o r one batch 
S u f f i c i e n t f o r one batch 

S c a l e s 
S c a l e s 

s p r l n g l e s s d i a l 

H S 
]20 pct of aggregate 
[weight 

15 pet of mixer c a p a c i t y 

26 Hebr 
27 Nev 

28 NH 
29 N J 

30 H H 
31 HT 
32 i r c 
33 » Dsk 

3l» Ohio 
35 Okla 

d i t t o 

d i t t o 

S p r l n g l e s s d i a l 

U i l t l p l e beam, 
s p r l n g l e s s d i a l 

d i t t o 

H S 

|0 5 p c t o f load 

't50 l b s per batch 

Bprlngless d i a l 

B p rlngless d i a l 

H S 

| l l p c t of mixer c a p a c i t y 

10 pct o f mixer c a p a c i t y 

H S 

*20 p c t o f mixer c a p a c i t y 

S a t i s f a c t o r y ! 

As required 

d i t t o 
d i t t o 

d i t t o 

IWelgh box or 
hopper or 
s c a l e s 
H i l t i p l e beam, 
sprimOeas d i a l 

;0 5 p c t of t o t a l load 
,0 k pct of net loads 

|0 5 pct of t o t a l load 

H S 

<ScaIa8 
S p r l n g l e s s d i a l , 
c y l i n d e r 
•Beam or 
Isp r l n g l e s s d i a l 

s p r i n g l e s s d i a l 

• c a p a c i t y 

12 p c t of mixer c a p a c i t y 

36 0 « g 

37 Pa 

38 B I 

39 S C 

to S Dak 

hi Tann 
li2 Tex 

1(3 Vtah 

d i t t o 

d i t t o 
d i t t o 

d i t t o 

d i t t o 

p 5 pct of max load 

p 5 pct of max load 
0 5 pct of max load 

1/2 of min gradation 

0 5 pct of max load 

s p r l n g l e s s d i a l 

^ p r l n g l e s s d i a l 
beam or 
s p r i n g l e s s d i a l 

llTot g r eater than twice wt 
of m t r l t o be wel^tted 
10 pct of mixer c a p a c i t y 

N S 

Adequate 

20 pct of agg weight 

V Va 
ifS Wise 

49 Wyo 

50 Ontario 
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TABLE 11 
BITUMINOUS CONCRETE EQUIPMENT REOUIBENmiMTR PART I I I 

Kequirements for H 
Pusmill Mixer (Batch Plant) 

Timing Device 
Agency 

Type of mixer 
Manually Used 

Permissible 
Minunum Capacity 

of Mixer 

Mixer-Blade 
Botation 

Bate 

Max. Allowable 
Mixer-Blade 
Clearance 

Time 
Lock 
Used 

Specified 
Minimum 
Interval 

Ihs. rpn i n sec. 

1 AU. 
2 Ariz. 
3 Ark. 

OVin shaft 
ditto 

1000 
N.S. 1/ 
N.S. 

- N.S. 
3/1* 

No 
No 
No 

-

1* C a l i f . 
5 Colo. 

N.S 
N S. 

70-90 
N.S. 

N.S 
N S 

Tea 
N.S 

2 
N.S. 

6 Conn 750 - 1 No -
7 Del 
8 D.ofC. 
9 F l a . 

N.S. 
1500 
N.S. 

N.S. 
1*0 

2 
2 

N S. 

Yes 
No 
No 

-

10 Ga 
11 Idaho 

1000 
N.S. N.S. 

3A 
N.S. 

No 
No _ 

12 111 
13 Ind 
lh Iowa 
15 Kans 

Batch 
Twin shaft 

ditto 

1000 
2000 

2000 

55-75 

N.S. 

3/1* 
3/1* 
3/1* 
3/1* 

Yes 
Yes 
Yes 
Yes 

5 

5 
5 

16 Ky. 
17 La 
18 Me. 

2000 
N.S. 

^ rated capacity 

N S 
56 

As rated by 
manufacturer 

2 
N.S 

Yes 
Yes 
Yes 

5 
N.S. 

19 Ha 
20 Mass. 
21 Mich. 

1500 
52 cuhic f t 

2000 60*-

2 
2 
1 

No 
No 
Yes 

-

22 Minn N.S - 3A Ho -

23 Hiss. Botary drum 
or twin shaft 

N S N.S. N.S. Yes -

2U Mo. 
25 Mont. 
26 Nehr. 
27 Hev 
28 N.E. 

Twin shaft 
ditto 

2000 
Bated capacity 

N.S. 
N.S. 
2000 

N.S 
Produce 
uniform mix 

N.S. 

3/1* (1-in.agg.) 
3/1* 

N.S, 

Yes 
Yes 

Yes 
No 
No 

N.S. 

5 

29 N.J. " 1000 - - No -
30 N.M. 

31 H.lt. 
32 S.O. 

It 

2000 
2000 

As rated by 
manufacturer 

N.S. 
N.S. 3A 

Yes 

Yes 
Yes 

10 

5 
5 

33 N.D. 

3U Ohio 

Kotary drum 
or twin shaft 
Twin shaft 

2000 

2000 

N.S. 3/l*(li-in.agg.) N.S. 

Yes 5 
35 Okla 
36 Oreg. 

37 Pa. 

38 K.I. 

ditto 1500 
Depends on job 
tonnage 

N.S. 

Bated capacity 

70-90 

Most effective 
speed 
58-60 

3/'*Ui-in.agg.) 
N.S. 

3A 

2 

Yes 
No 

Yes 

No 

5 

39 S.C. - 2 No -
kO S.Dak. 
Ul Tenn. 
1*2 Tex. 
U3 Utah 

2000 
2000 
1500 
2000 

60 

N.S. 
N.S. 

2 
3A 
N.S. 
N.S. 

No 
Yes 
Yes 
Yes 

5-
N.S. 

UU Vt. 
U5 Va. 2000 

N.S. 
1*0-60 r i n 

N.S. 
1 - 1 4 

No 
No -

U6 Hash. 

U7 W.Va. 

300 ton 18-hr. 
day 

2000 

As rated by 
manufacturer 

M.S. 

N.S. 

N S. 

No 

Yes 15 

U8 Wise. N.S. N.S. 3A Yes N.S. 

1*9 «yo. 
50 Ontario 

N.S 
2000 

N.S. 3A 
3A 

Yes 
N.S. N.S 

1/ Not specified in specifications. 
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ixing Plant 
Kxxer (Continuous Plant] Transper 

Type of Paddle Bee Luirements Truck Insulatic 
Mixer Capable of Minimum Allowable Cover Bequirement 

Normally Usual Maximum Bate Angular Beverse Capacity of Cover Type 
Used of Rroduction Ad,]listiiient Motion Discharge Hopper Bequired Specified 

tons per hour lbs. 

Twin pug 120 Ye- Yes N S Yes -
ditto 125 Yes No K S. No -For satisfactory mix Yes No N.S. When req. by -Engineer 

For satisfactory mix Yes No N.S Yes Tarpaulins 
N S. Yes No N S. Yes Canvas 

It For satlsf£Lctoiy mix Yes Yes H S Yes Waterproof 
canvas 

50 - Yes N.S. Yes - below 50°F Canvas 
120 Yes Yes - Yes -B.S. Yes Yes N.S. Yes Waterproof 

canvas 
Screen capacity controls Yes Yes - Yes Tarpaulins 

50 Yes - One batch No -
1(0-120 Yes Yes 2000 Yes Canvas 

- Yes Yes - Yes Canvas 
Mfr's. rated capacity Yes Yes 2000 Yes -Mfr's. rated capacity Yes Yes 2000 Vhen req by -Engineer 
Mfr's rated capacity Yes Yes H.S Yes. -Type not used Yes -

- - ~ ~ Yes Canvas 

Twin pug 120 Yes Yes H.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 

N.S. Yes Yes N S. Yes Canvas 
" Mfr's. rated capacity Yes Yes N.S. Yes As by 

Engineer 
rr N.S. Yes Ho 200 Yes -
- - - - - Yes -Twin £Ug Mfr's. rated capacity; Yes Yes - Yes -

min. of do tons per hr. 
Type not used Yes Canvas 

Twin pug Screen capacity controls Yes No N.S. No -
_ _ _ - Yes Canvas 

Twin pug Mfr's. rated capacity Yes Yes H.S. Yes Canvas 

ditto Mfr's. rated capacity Yes Yes N.S. Yes -
_ Yes No . Yes -
N.S. Yes Yes N.S. Yes -N.S. Yes Yes H.S. As needed -

Far satisfactory mix Yes Yes - Yes Canvas or 
heavy paper 

Type not used Yes Canvas 

For satisfactory mix Yes No Yes -
160 Yes Yes 1000 In cool weatber -
- Yes Yes - Yes Tarpaulin 
N.S. Yes No N.S. In cool weather Canvas 
- Yes No H.S. Yes Canvas 

Plant size controls Yes No N.S. Yes Canvas 
" Mfr's. rated capacity Yes No N.S. Yes Tarpaulin 

Twin, N.S. No Ho H.S. Yes Tarpaulin 
single 
Tvin pug Uo Yes Ho - Yes Waterproof 

canvas 
ditto 120 Yes Yes H.S. Yes -

N.S. Yes Yes N.S. Yes Canvas 
Twin, N.S. Yes Yes 2000 Yes -single 
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TABLE 11, PART I I I (continued) 

tation Placing 
a Bequirements Spreading and Finishing Machine 
Body Insulation Bequlrement Side Forms ILeveling Device to Compensate for Irregularities Use Screed 
Insulatl-On 1 Not Heater 
Reaulred Specified tfith Without [Tsed [Jsed Description Tes No 

No X 

X 

No - X X - X 

No - X X X 

No X X Adjustable screed X 
_ X X Barber Greene - Adnun X 

No X X - X 

Yes X X Barber Greene X 

Yes - X z - X 

No - X X X 

Ho _ X X Screed riding on compacted surface X 

No _ X X - N S. 
Yes 3A-in. X X Barber Greene X 

No I X X Controlled by tracks on runners X 

- X X Self-leveling screed X 

No _ X X - X 

No - X X - X 

No - X X X X 

No X X - X 

No - X X - * * 

Below 50 F. or 
long haul 

3A-in. X - Barber Greene - Adnun X 
Bar.Gr 

X 
Adnun 

Yes - after l / 2 - i n . X X Equalizing runners, straight-edge X 

Sept. 15th 
l / 2 - i n . 

runners, evener arms Sept. 15th 
- X ~ Barber Greene - Adnun X 

No X X X - X 

No - X X Barber Greene X 

No X X Barber Greene X 

Yes - X Screeds X 

Ho - X X X 

Yes _ X X Equalizing runners straight-edge - -
runners* evener arms 

~ No - X X X Activated strike-off X 

_ X X Adjustable strike-off X 

No - X X Equalizing runners, straight-edge X 
runners, or evener arms 

No - X X Mechanical straight-edge runners. X 
evener arms 

Yes _ X X Leveling arms X 
X X Belayed screed reaction X 

No - X X Adjustable activated screed X 

In cool _ X X 10-ft runner X 

veather 
When req by Wood X X Hand-screw mechanism X 

Engineer 
_ X 1 X - X 

No X 1 ̂  Barber Greene with crawler treads X 

No - X X Screed X 

In cool weather - X i X - X 

When req by 
Engineer - X ' X Barber Greene X 

_ _ X X Barber Greene X 

No - X X Equalizing runners, straight-edge X 
runners, evener arms 

- - X X Adjustable screed X 

Yes Celotex X X Evener arms X 

When req. by - X X - X 

Engineer 
Ho - X X - X 

No X X 

1 
Hinged floating screed X 
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Ccmpacting Hollere 

IQ-ilt Praetlna 

Types Bequired or Specified Specified 
Permitted: T=Taildem Total Wele^t Compression Agency 
W=3 Wheel, I^Aietaoatic Limit Wel^t 

tons lbs./in. roller width 
T or W 5-10 330 1 Ala. 
T or P 10-lk H.S. 2 Ariz. 
T or W 7-10 200 3 Ark. 
T, W or P T 8, W 10 325 If Calif. 
I and W T 5-8; W 10 N.S. 5 Colo. 
T and W 10 N.S. b Conn. 
T and W T 8-10; W 10-12 250 7 sei. 

T 8-12 200 8 D.of C. 
T 8-10 200+ 9 Fla. 

I or W T 7-10; W 10 200 10 Ga. 
T 8+ N.S. 11 Idaho 

T and W 8-12 250-1*06 12 111. 
T and W 10+ 300+ 13 Ind. 
T and W 8+ 250+ 11* Iowa 
T or W 8-ia N.S. 15 Kans • 
T or W T 7; W 10 350 (W) 16 Ky. 
T or W N.S. N.S. 17 La. 

T T 8-10 250 18 Ms. 
^-axle T 16-21 

T"' " " ~ 8+ 200 19 Hd. 
N.S. - 2U0-285 20 Mass. 

T 8+ - 21 Mich 
T and W 10+ 250+ 22 Minn. 

T or W T 7-10; W 10 200+ 23 Hiss. 

T or W 8-12 200+ 2I* Mo. 
T and W 10+ 200+ 25 Mont. 
T and W 8-12 T 200; W 300 26 Nebr. 

T 8-12 - 27 Nev. 
T 8+ 260+ 28 N.H. 

T and W - 200 29 H.J. 

T, W and P 8-10 325 30 N.U'. 
T or W T 8-12; W 10-12 250 31 H.Y 

T N.S. 250+ 32 N.C. 
T or W 5-10 200+ 33 H.D 

T and W T 8-12; W 10-12 - 3U Ohio 
T, W, and P H.S. H.S. 35 Okla. 
T or W T 6; W 10 200 36 Qreg. 
T and W 8-10 T 25O; W 330 37 Pa. 

T and W 10-12 H.S. 38 B.I. 

T 8-10 250+ 39 S.C. 
T or W 10+ 250+ 1*0 S.Dak. 
I and W T 6-10; W 10 N.S. 1*1 Tenn. 
T and W T 8; W 10 N.S. U2 lex. 
T, W and P IO-1I4. N.S. 1*3 Utah 

T 8+ - 1*1* Vt. 
T and W T 7-10; W 10-12 250 1̂ 5 

T or P 10 H.S. 1*6 Wash. 
T or W T 8-10; W 10 - 1*7 W. Va. 

T or W 8-12 250 1*8 Wise. 

' T, W or P 3-axle T 12-19 250 (P) 1*9 Wyo. 
T or W 8+ T 200-250 50 Ontario 

w 310-350 
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TABLE 12 

TESTS PERFORMED ON SAMPLES OF PLANT-PREPARED BITUMINOUS-CONCRErE MIXTURES 

Tests Perfonned m F i e l d Laboratory r e s t s Per 

Agency 
Gradation E x t r a c t i o n 

1/ 
Density Marshall Others Gradation E x t r a c t i o n 

1/ 
Density Marshall 

1 A l a . 
2 A r i z . 
3 Ark. 
1* C a l i f . 

L 2 / 
L 
L 
N 2 / 

L, C 2 / 

L 
N 

C 

C 

L 
L 

L, C 

L, C 
L 
L 
L, C 

C 

C 
L, C 

5 Colo. 
6 Conn. 

L 
L, C 

L 
L, C 

C N 
L 

L 
L, C 

L 
L, C C L 

7 Del. 
8 D.of C. 
9 TUB.. 

10 Ga. 
11 Idaho 

12 111. 
13 Ind. 

L 
L 
L 
L 
L 

L 

L 
L 
L 

N 

C 
C 

C 
C 

C 

Compaction ( L ) 
Hubbard-Field ( L ) 
Moisture 
content ( L ) 

L 

L 
L 

L 
C 

L 
L 
L 
L 
L 

L 
C 

c 
c 
c 
c 

c L 

14 l o v a 
15 KanB. 

C 
L, C L, C 

C 
C 

L, C 
L 

L, C c 

16 Ky. 
17 La-
18 Me. 
19 Md. 
20 Ifeiss. 

L 
L, C 
C 
L 
L 

L 
L 
C 

C 
L, C 
C 

L L, C 
C 
L 

L 
L 
C 
L 
C 

L, C 
C 
C 
C 

L 
C 

1 
21 Mich. 
22 Minn. 
23 Miss. 
2l* Mo. 
25 Mont. 
26 Ne1)r. 
27 Nev. 

L 
L, C 
L, C 
L 
L, C 

L 

L, C 

C 

L, C 
C 
C 
C 

L 

L 
L, C 

L, C 
L, C 
L 

L 
L, C 

L, C 
C 
L 
L, C 

c 
L, C 
C 
L, C 
L 

L 

28 N.H. L L L L C 

29 N.J. L, C L, C L, C L, C L, C L, C 

30 N.M. 
31 N.Y. 
32 N.C. 

C 
L 
C 

C 
L 
C 

C 

C 

L C 
L 
L 

C 
L 
L 

C 

C 

L 

33 N.Dak. 
3I* Ohio 
35 Okla 
36 Oreg. 

L 
L 
L 
C 

L 
L 
C 

C 
C 
L, C 

Thickness IC; L 
L 

L, C 

C 

C 

L 

37 Pa. 
38 E . I . 
39 S.C. 

L 
L 
L, C 

L 

L, C 
L 
L, C 

L 
L 
L, C 

C 
L, C L 

1*0 S.Dak. 
1*1 Tenn. 
1*2 Tex. 
1*3 Utah 
1*1* Vt. 
1*5 Va. 
1*6 Wash. 

L 
L 
L 
L 
L, C 
L 
L 

L 
L 
L 
L, C 
L 

C 
L 
C 

C 

L 

C 

L 
L 

L 
L, C 
L 
L 

L 
L 

L 
L, C 
L 
L C 

L 

C 
L, C 
C 

1*7 W. Va. 
1*8 Wise. 

C 
L 

C 
C 

C 
C 

C 
C C 

1*9 Wyo. 
50 Ontario 

L 
C 

L 
C 

C Thickness (C) 
C C 

1/ Ifany agencies c a l c u l a t e the t h e o r e t i c a l void content following the determination of d e n s i t y of sai 

2 / L - Sample of loose mixture. 
C - Sample of compacted pa-vement. 
K - Not knovm whether sample i s of loose mixture or of compacted pavement. 
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TABLE 12 (continued) 
195I* E r a c t i c e 

CiaeA m C e n t r a l laboratory Miniraum Frequency Ifethod of Eemoval of 
Eveem 
ibilometer 

Sibbard-
F i e l d 

Abson 
Eeoovery Thickness Others 

of Sampling 
Compacted Pavement 
fo r Density Test 

Density-Test Specimens 
Tram Pavement Agency 

L, C 

Eveem ( L ) 
cohesiometer 

One per day 
B a r e l y 
One per 2000 tons 
One per mile 

One each 1* hours 
One per day 

Hand to o l s 
Not reported 
Hand t o o l s 
Eand t o o l s 

Core 
A i r hammer 

1 A l a 
2 A r i z . 
3 Ark. 
1* C a l i f . 

5 Colo. 
6 Conn. 

L C 

1 

Compaction ( L ) 

Moisture 
content ( L ) 

Occasionally 
One per day 
One per day 
Seldom 

One per day 

Core 
Asphalt c u t t e r s 
Core 
Core 

Eand t o o l s 

7 Del. ""1 
8 D.of C. 
9 F l a . 

10 Ga. 
11 Idaho 

12 111. 
13 Ind. 

C 
C 

C 

T n a x i a l ( L ) 
compression 

One or two per day 
One per day 

One per day 
One per day 
One per 100 tons 
Each contract 
One per 1000 tons 

Saw 
Eand t o o l s 

Eand t o o l s 
Eand t o o l s 
Core 
Saw 
A i r hammer 

Ik Iowa 
15 S9.ns. 

16 Ky-
17 La. 
18 Me. 
19 M9. 
20 Mass. 

L 

L 

C 

None 

Engr's. d i s c r e t i o n 
One per day 
One per day 
One per 200 tons 
One Ber day 

A i r hammer 
Eand t o o l s 
Saw 
Eand t o o l s 
Eand t o o l s 
Varied 

21 Mioh. 
22 Minn. 
23 Miss. 
21* Mo. 
25 Mont. 
26 Hebr. 
27 Nev. 

C 

Unconfined (N) 
compression 

Unconfined (N) 
compression 

one per day 

One per 15,000 s.y. 
or l e s s l a i d each day 
Four per day 
None 
One per day 

Saw, hand t o o l s 

A i r hammer 

S p l i t r i n g 

Cutting t o o l 

28 N.E. 

29 N.J. 

30 N.M. 
31 N.Y. 
32 N.C. 

C 

Engr's. d i s c r e t i o n 
One per day 
S t a r t of job - occa
s i o n a l check 

One per dav 

Eand t o o l s 
Core 
Saw 
Core, hand t o o l s 

Core, saw 
Core 
Saw* hand t o o l s 

33 N.Dak. 
3I* Ohio 
35 Okla. 
36 Oreg. 

37 Pa. 
38 R . I . 
39 S. C. 

C 
C C 

Swell (C) Eveem 
cohesiometer 
( L . C) 

None 
Two per day 
None 

One per 5OOO s . y . i 

One per day 

Cutting t o o l 

Bings 
Core 
Core 
Core, hand t o o l s 

i*0 S.Dak. 
1*1 Tenn. 
1*2 Tex. 
1*3 Utah 
1*1* Vt. 
1*5 Va. 
1*6 Wash. 

[ r i a x i a l 
sonipression (C) 

Average one every 
other day 
Each s h i f t 

Hot reported 
Not reported 

Sand t o o l s 
Saw 

1*7 W. Va. 
1*8 Wise. 

1*9 Wyo. 
50 Ontario 

from the compacted pavement. 
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TABLE 13 

BASE PRIMING IN CONNECTION WITH BITUMINOUS CONCRETE CONSTRUCTION 

Bituminous Grade 8 Used 
»i+. 

Bituminous Grad 
Used for Prl 

es Normally 
ma Coat 

Agency Asphalt Tar On Flexible Base On Eigid Base urade 
Beported 

1 AU. 
2 Ariz. 
3 Ark. 
1* Calif. 
5 Colo. 
6 Conn. 

BC-1,2, M3-l,2 
MC-2 
BC-l;M;-0,l,Eniulsion 
SC-2, Fen.QiuUlon 

VC-0 
No 

ET-1,2 
Not permitted 
Not permitted 
Not permitted 
Not reported 
prime coat requi 

BC-1,2; M:-1,2 
MC-2 
M::-O,I 
SC-2 

Hot reported 
red 

BC-0,1, IC-0,1 
No r i g i d base 
BC-1,Emulsion 
Pen. Emulsion 
Hot reported 

fC-P 
>C-1 
SC-2 

IC-O 

7 Del. 
8 D.of C . 
9 FU. 

10 Oa. 
11 Idaho 

12 111. 
13 Ind. 

BC-1, 3 
SC-2 
EC-1 
IC-1 
BC-0,1, MC-0,1 
BC-0 
BC-1,2,3,1*,Emulsion 

Not permitted 
Not reported 
BT-3, 1* 
Tar 
Hot permitted 
ET-6 
Hot permitted 

se-1 
Hot reported 
BT-3,1*, BC-1 
Tar 
Not reported 
Hot reported 
EC-1,2,3,1* 
Emulsion 

BC-3 
BC-2 
Hone 
Tar 
Not reported 
BC-0 
BC-3,1* 
EmuUion 

BC-2 
BC-1 
MC-l 
BC-O, 1 
W-O, 1 
BC-0 

11* Iowa 
15 Kans. 
16 Ky. 

17 La. 
18 He. 
iq M. 

S C - 0 

BC-1; VC-Z 

IiC-2, Emulsion 
BC-1 
m-0 
VC-l 

Not reported 
Not permitted 

Tar 
Not permitted 
Not reported 
Tar 

Not reported 
M:-2 

Tar 
BC-1 
Hot reported 
Asphalt 

BC-0 
BC-1 
EmuUion 

EC-1 
Not reported 
Asphalt 

BC-0 
IC-2 

EC-2 

BC-1 
tc -o 
I C-l 

20 Vbsa. 
21 Mich. 
22 Hinn. 

23 Hiss. 
2l* Hb. 

BS-l 
JC-O, AE-2 

BS, BC, 
M:-O,I,2 
NE-1 
M3-0 EC-O 

Not reported 
T-3,1* 

BT-1,2,3,1* 

BT-2,3,1* 
Hot permitted 

Hot reported 
IC-0 

Med. Curing 
Cut-Back 

IC-l 
M:-O 

ES-1 
AE-2 

Emulsion 
Bapid Curing 
Cut-Back 
Hot reported 
BC-0 

ES-1 
IC-O 

M:-O,I,2 

M:-I 
BC-0 25 Mont 

26 Nebr. 
27 Nev. 
28 H.H. 
29 H.J. 
30 H.M. 

31 N.Y. 

M::-O,I 
EC-1, M;-I 
t c - i 
BS-l w;-2 
MC-0,1 BC-O BS-l 
MC-l 

No p r i i 

Hot permitted 
Hot permitted 
Hot permitted 
ET-3,'*,5 
BT-1,2 

Not permitted 
e coat required 

M C-l 
MJ-l 
Not reported 
Asphalt 
M;-0,1, BT-1,2 
IC-l 

tC-0 
BC-1 
Hot reported 
ES-1 
EC-O, BS-l 
Hone 

tC-1 
M:-I 
I C - l 
M:-2 
A l l 
MC-l 

32 H .C. 

33 H.Dak. 
34 Ohio 
35 OkU. 
36 Oreg. 

MC-O AE-7 
EC-O 
w:-o,i,2 
EC-1,2, ffi-2 
EC-1,2, I C - l , AE-5 

BC-3; MC-2; BS-l 

Hot permitted 
Hot permitted 
BT-1,2 

Not permitted 
Not reported 

lC-0, BC-0,AE-7 

)C-1 
ET-1,2 
M:-I 

MC-2, BC-3 

MC-O, BC-0, 
AE-7 
No r i g i d base 
M5-2, BC-1,2 
EC-l,2,AE-5 

BS-l 

BC-0 
VC-O 
I C - l 
BC-1 
M:-I 
BS-l 
BC-3 
IiC-2 

37 Pa. 
38 B.I. 
39 S . C . 
1*0 S.Dak. 
1*1 Tenn. 
1*2 Tex. 

Asphalt, Biulsion 
MC-2 
Asphalt 
BC-1, M;-I 
M5-l,2 
Emulsion 
BC-2, M3-2 

Tar 
T-2,3 
Tar 
Tar 
Tar 
Not permitted 

Tar 
ET-2,3 
IC-0 
M:-I 
Tar 
M:-2 

Asphalt 
Hone 
EmuUion 
BC-1 
M:-I,2 
BC-2 

IC-2 

MO-1 
M:-I,2 
lC-2 

1*3 Utah 
1*1* Vt. 

1*5 Va. 

EC-1,2; M:-1,2 

M:-2, E S - 1 

BC-2 

Hot permitted 

BT-5 

Not reported 

I C-l 

Hot reported 

Cut-back 

BC-2 

Hot reported 

Cut-back 

EC-1,2 
IC-1,2 
ET-5 
IC-2 
ES-1 
BC-2 

1*6 Wash. 
1*7 W. Va. 
1*8 Wise. 
1*9 Wyo. 

50 Ontario 

MC-3, Emulsion 
AE M-1 
E S - 1 , E C - 0,1, MC-0,1 
m-0 

DEC Primer 

Hot reported 
BT-3,203 
Tar 
Not reported 
Not permitted 

Not reported 
ET-3 
IC-0, 1 
MC-O 

DEO Primer 

Not reported 
4E M-1 
EC-0,1, ES-1 
Hot reported 
DHO Primer 

MC-3 

M:-O 
IC-O 
DHO Primer 



101 

TABLE 13 (continued) 
Beported Specifications for Prlae-Coat Materials 

Required Physical Characteristics of Bituminous tfaterial 

AASEO M82-1*2 
A A S E O M82-l|2 
AASHO Mll*l-1*9 

AASHO M82-I*2 

AASHO M8l-1*2 

No prime coat required 
Mot reported 

AASHO M81-1*2 except viscosity at 122°P. is 75-150 sec, and penetration at 77°^., 100 g., 5 sec. is 80-120. 
AASHO MBS-1*2 
AASEO M8I-U2 
AASHO M82-1*2 
AASHO M8l-1*2 except flash point Is 80°F.+ 

Not reported 
AASHO Mljl-'*2 
AASHO m82-1*2 except d i s t i l l a t i o n test to 500°F. is 25 to 55, residue from dist. to 680°F. is 70t, and 
penetration e 77°!'• 1 100 g,, 5 sec. i s 15O to 225. 
AASEO MB1-1*2 

AASEO M8I-U2 
AASEO M82-1*2 except penetration at 77°E'. 100 (?., ̂  sec. is 80 to 120. 
AASHO MSa-l*2 
AASEO Kll*0-1*9 
AASEO MS2-U2 

AASHO MB2-1*2 

AASEO M82-1*2 
AASEO MSl-Ua 
AASEO MU2-42 
AASEO M82-1*2 except no requirements are specified for the flash point. 

Not reported 
AASEO M82-1*2 
AASHO Specifications 
AASHO M82-1*2 except residue from dist. to 680°F. is 63 to 73J & penetration (S 779F.. 100 g., 5 sec. 
I S 120 to 220. 

No prime coat required 
AASHO MBl-i*2 
AASEO M82-1|2 
AASEO M82-l*2 except viscosity S 122°F is 75 to 100 

Not reported 
AASHO ̂ e l - l * ^ except flash point is 80* 
AASHO M82-1*2 
AASHO Mll*0-1*9 
AASHO M81-1(S 
AASHO M82-l*2 Not reported 
AASEO M82-1*2 

Not reported 
AASEO M82-l|2 
AASEO M82-1*2 
Flash point 150°F. +, viscosity S ll*0°F. 100 to 200; d i s t i l l a t i o n test 1*37°F. 0 to 2, 600°F. 10 :o 
20; residue from dist. to 680°F. 63+, penetration S 77°F., 100 g. 5 sec. 100 to 200, dactility''-
77°F. lOO*. A A S E O M81-1*2 , 
AASEO M82-1*2 
AASHO M52-U2 
AASHO M82-U2 
AASHO Mll*0-l*9 
AASHO M8l-1*2 except d i s t i l l a t i o n test to 37l*°F. is 35+, to U37OF. is 65+, to 500°F. is 75+, & residue 
flrom dist. to 680°F. is 70t. 
AASHO M8l-lt2 except the penetration @ 7 7 ° ^ . , 100 g., 5 sec. is 120 to 220 

Not reported 
AASHO M8a-1*2 except d i s t i l l a t e to 600°F. is 75 to 93 
AASEO M82-lt2 

Flash Point 80 t , viscosity S 122°F. 15 to 25, d i s t i l l a t e to 37l*°F. lOf, 1*37°F. l6+,to 5009F. 20+, 
residue from dist. 680°F. 50*, penetration? 77°F., 100 g., 5 sec, 100 to 2 0 0;ductility C 77°F. 100, 
& bitumen soluble in CgS 99 .5 . 
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TABLE 13 (continued) 

Spot Test on Besiflue from D i s t i l l a t i o n 
StanSard 
Naphtha 
Solvent 

les 
Yes 

Hes- with Naphtha 
Xylene Solvent 

Xylene) 

Jiei?. with Heptane 
Xylene Sol ent 

{j, Xylene) 

No No 
35 

35 

Not required 
No prime coat required 

Flexible Base 
^Pllication Bate (gallons 

0.=;5-0.29 
0.5 

0.3 -O.li 
0.15-0 25 

0.25 -

RlKid Base 
Not reported 
No ri g i d base 
0.03-0 10 
Not a practice 
0.10 approx. 

Neg. 
Neg. 

Neg. 
Neg. 

Neg. or 
positive 

Neg. 

Neg. 
Not required 

Neg. 
Neg. 

Mot requirea T 
Not required 

i 
35 

Not reported 
Pos. -60?j I f pos. 
v i t h Sta. test 

Not reported 

Not reported 
Not required 
Hot reported 

10-(t«;-2) 

Not required 
10 

Not reported 
Not reported 
Not required 

15 

No prime coat required 

0.2 
0.25-0.5 

0 2 
0.15-0.50 
0.20-0.50 
Hot reported 

0.1 
0.10 
0.06 
0.15-0 50 
Not reported 
0.05-0.10 

0.2-0.3 
Not specified 

0.25 

0.25 -
Not reported 
0-33-^ 50 

Not required 

Not reported 
0.25(T-3 or 
yc-0) 

0 1-0.3 

0.15-0.50 
0.2 - 0.5 

0.05-0 10 
0.12- 0.15 

0.25 

0.15 -
0.17 
0.07 

0.15-0.25 
0.25-0.30 
0 375 
0.5 
0.1-0.25 
0.25-0.5 

0.07 
0.10-0.15 
(Emulsion) 

0.03-0 10 

Not snecified 
0.02- 0.1 

0.1 -
0 Olt-0 10 
Not reported 
0.15 1 
O.IO-(EC-O) 
None 

Neg 

Neg. 
Yes 

Neg. 

Hot reported 
Not required 
Not reported 

Not required 

0 3 

0.35 
0.25-0.35 
0.25 

0.25-0.50 

0.06-0.12 

No ri g i d base 
0.10 -
0 1 

0.1-0.2 

Not reported 
Not required 
Not required 

15 

0.15-0.25 
0.33 

C 1 eprrox 
O.li 

0.15-0 
0.25 

0.05-0.07 
None 

0.1 apTrox 
0.08 

0.05-0 15 
0 03 

35 

Not reported 

Neg. 
Not reported 

15 

Not required 

0.25-0.50 

T.5-0 It 

0 1 

0.08-0 15 

0.3 

0.05 

35 0 
0 30-0 60 
0 1-0.i5 
0 U 

o.ir-o.?5 

0 02-0 05 
0 15-0 25 
0.03-0 1 

Hot reported 
Not specified 
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Applica tlon of Prime Coat 

per sq. yd.) 
Method of Control 

Application 
Temperature (°F.) Bequired 

CurinK Period 
Agency 

Tachoneter 
Tachometer 
Tachometer 
Tachcmeter 
Synchronizer 
Tachcaneter 

No prir 

120-lUO 
150-200 
50 -125 
150-225 

120 -
ne coat required 

3 days 
Until penetrated or blotted 
Not specified 
Not specified 
2l* hours 

1 Ala. 
2 Ariz. 
3 Ark. 
1* Calif. 
5 <;olo. 
6 Conn. Tachometer 

Tachaneter 
TachOTieter 
Tachometer 
Tachometer 
meter*-vol 
Tachcmeter 

P 

Not specified 
125-175 
100-150 
100-160 

150 

Not specified 
lot reported 

Several hours 
Not reported 
Not specified 
Not specified 
Not specified 
Unt i l no pick-up under t r a f f i c 

7 Del. 
8 D.of C. 
9 Fla. 

10 Ga. 
11 Idaho 
12 111. 
13 Ind. 

Tachometer 
Tachcmeter 
Visual inspection 
measure i. calculate 
TachOTieter 
Tachometer 
Tachometer 

ao- 90 
125-200 

Not reported 
Not specified 
Air temperature 
120 -

2I* hours 
Not specified 
Not reported 
Not specified 
1 hour + 
21* hours + 

11* Iowa 
15 Kans. 
16 iQsr. 

17 La. 
18 Ke. 
19 m. Not reported 

Tachometer 
Tachcmeter 

Tachaneter 
Tachometer 

60 - 120 
50-120 (M:-O) 
60-175 (Emulsion) 
80-125(lC-0) 60-125 ET-1,2) 
IOO-175(M;-I) 80-150 aT-3,1*) 
150-200 (>C-2) 

175 -
80-120 

Not reported 
1*8 hours (JC-O 
1000-1500 f t . ahead (Bmilslon) 
Until no pick-up under t r a f f i c 

Not specified 
Unt i l properly cured 

20 Hiss. 
21 Mich. 
22 Minn. 

1 
23 Miss. 
2l* Mb. Tachometer 

Tachcaneter 
Tachcxneter 
Tachcmeter 
Tachometer 
Tachcmeter 

No npini 

100-175 
Not specified 
Not reported 
Not specified 
50-120 
125-200 

e coat reouired 

21* hours + 
Not specified 
Not reported 
2l* hours + 
Until properly cured 
21* hours 

25 Mont. 
26 Nebr. 
27 Nev. 
28 N. H. 
29 N. J. 
30 N M. 
11 N. Y. Tachometer 

Tachcmeter 
Tachometer 
Tachcmeter 
Tachometer, pressur 
& volume gage 

90-130 

75-200 
Not reported 
75-120 

s 150-175 

U n t i l properly cured 
2 - 3 days 
Not reported 
Unt i l properly cured 
72 hours 

32 N. C. 
33 N.Dak. 
31* Ohio 
35 Okla. 
36 Oreg. 

Tachometer 
Tachometer 
Tachcmeter 
Tachcmeter 
Tnchcmeter 
Tachometer 

175 -
120 

T j t specified 
150 -

100-150 
lUO 

Unti l tacky 
Not reported 
Until tacky 
2l* hours 
Until iiroperly cured 
12 hours 

37 Pa. 
38 B. 1. 
39 S. C. 
1*0 S.Dak. 
1*1 Tenn. 
1|2 Tex. 

Tachcmeter 
Tachometer 

Tachcaneter 

150-200 

11*0-150 (tar) 
150-160 (!C-2) 

lUO-160 

Not specified 

7 days except emulsion on cone. 

Until tacky 

1*3 Utah 
1*1* Vt. 

1*5 Va. 
Tachcaneter 
Tachcmeter 
Tachcmeter 
Tachometer 
Cynchronizer 
T'*chcaneter 

50 + 
80-150 
100-120 
100-200 

70-100 

Not specified 
Not reported 
2l*-ltS hours 
2l* hours 

Not specified 

1*6 Wash. 
1*7 W. Va 
1|8 Wise. 
1*9 Wyo 
50 Ontario 
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TABLE Ik 
THICKNESS OF PAVEMENTS INVOLVING A BITUMINOUS CONCRECE SURFACE 

Agency Design Method Used to Determine 
Thickness of Flexible Pavements 

Use of Subgrade S o i l Characteristics 
to Determine Thickness of Flexible Pavement 

1 Ala 
2 Ariz 

3 Ark 

k C a l i f 

Not reported 
Consider PI and amount of minus Mo 200 sieve material 
In subgrade s o i l 
Consider HRB s o i l c l a s s i f i c a t i o n of aubgrade s o i l 

California Method - consider stabllometer "Resistance 
Value" of base and volume and magnitude of t r a f f i c 

Hot reported 
Total thickness based on PI and amt of minus No 200 
sieve material in subgrade s o i l Some characteristics 
of subbase material determine subbase and base thickness 
HRB s o i l c l a s s i f i c a t i o n of subgrade s o i l determines 
subbase thickness 
Shearing resistance and expansive characteristics of 
s o i l evaluated ^ 

5 Colo 

6 Conn 

7 Del 

8 D of C 
9 F l a 

Colorado Method - consider s o i l CBR and moisture 
condition, t r a f f i c , and climate 
Past experience - consider s o i l type frost penetration, 
ground water^ and t r a f f i c 
Consider CBR and frost penetration 

Past experience 
Pist experience - consider t r a f f i c 

Consider CBR 

Subgrade s o i l type considered m deteimining subbase 
thickness 
Consider CBR of aubgrade s o i l i n determining subbase 
thickness 
Not repccrted 
Subfcrade s o i l characteristics not considered 

— t o Ca 
11 Idaho 
12 111 

13 Ina 
Ik Iowa 
I J Ka-ns 

not reported 
Hveem Method 
Consider HEffl s o i l c l a s s i f i c a t i o n , t r a f f i c , drainage, and 
frost penetration 
Not reported 
Hot reported 
Kansas T r i a x l a l Method 

Hot reported 
Hveem ^lethod , 
Consider HBB s o i l c l a s s i f i c a t i o n 

Not reported 
Not reported 
Consider modulus of deformation frcm traaxinl 
ccmTJression test ^ 

16 Ky 
17 La 
18 Me 
19 

20 Ifess 

Consider CER 
Not reported 
Consider volume and type of t r a f f i c 
Consider HRB s o i l c l a s s i f i c a t i o n and CBR 

Consider volume and type of t r a f f i c 

Consider CBR 
Not reported 
Subgrade s o i l characteristics not considered 
Consider HRB s o i l c l a s s i f i c a t i o n and CHR i n determining 
total thickness 
Subgrade s o i l characteristics may influence choice of 
subbase thickness 

21 Hlch • 

22 Minn 
23 Hiss. 

Sk Ho 
2? Mont 

Consider t r a f f i c In surracing design Consider s o i l 
profile clpssification and estimated s t a b i l i t y in 
foundation design 
Consider CBR (modified t e s t ) , and rely on p?st experience 
Consider CBR (modified t e s t ) , of p^venents desianed to 
carry wheel loads of over 9000 lbs 
Consider HRB s o i l claaslfiontion and t r a f f i c volume 
Consider HRB s o i l c l a s s i f i c a t i o n 

Consider estimated spring CER 

Thicknesses modified on basis of HRB s o i l c lassificatiop 
Consider CBR 

Consider HRB group index 
Consider HRB s o i l c l a s s i f i c a t i o n 

2b Hebr 

27 MeT 
28 S H 
29 N J 
30 N M 

31 K Y 

Consider t r a f f i c , r a i n f a l l , drainage and BBB group 
index of subgrade s o i l 
Consider HRB s o i l c l a s s i f i c a t i o n 
I^Bt experience 
Past experience 
Consider t r a f f i c and r a i n f a l l , and gradation and 
Atterberg limits of base and subbase material 
Rational determination 

CcQsider HRB group index 

Consider HBB s o i l c l a s s i f i c a t i o n 
Subgrade s o i l type influences choice of subbase thickness 
Thickness increased for A-6 to A-S subgrades 
Consider s o i l type 
Knowledge of previous behavior 

32 S C 

33 n Dak 

3 It Ohio 
35 Okla 

36 Oreg 

Consider t r a f f i c and bearing value of suQgrade 

North D kota Method - consider North Dakota cone tost 
values and subgrade s o i l type 
Not reported 
Consider CBR 

TrlBJcial - modified Hveem Method 

Consider bearing value of subgrade in determining total 
thickness 
Subgrade s o i l type and Ncrth Dakota cone \a,lue of subgrade 
s o i l considered i n determining subbase thickness 
Hot reported 
Ccsisider CBR of subgrade s o i l i n determining subbase 
thickness 
Consider "R" value (ftom v e r t i c a l and horizontal pressure 
ratio) and s i l t content 

38 R I 
39 s C 
kO S Dak 
hi Tenn 
kZ Texas 
43 Utah 

Iflf Vt 

noL reported 
Past experience 
Past experience 
Fast experience 
Pe.Bt experience 
T r i a x i a l tests of pavement and subcrade material 
Experience and "R" value from Hveem s t a b i l i t y test 

Bituminous concrete used mostly to resurface existing 

Not reported 
Hon-drainable material usually removed 
Not repcartPd 
Evaluate bearinc a b i l i t y 
Eoaluete bearing a b i l i t y 
Consider shear strength as determined by t r i a x i a l method 
Consider subgrade characteristics in determining base and 
subbase thickness 
Not reported 

1*5 Va 

46 Wash 

^7 W Va 
1̂8 Wise 
U9 Wyo 

50 Ontarlc 

Consider CBR (Modified) 

Consider test values frcm Bveem Stabilcneter and 
swell-pressure tests 
Ky design curves (CBR) and Ohio design curves (HRB CIASS) 
Consider t r a f f i c voltmie and s o i l type 
Consider CBP (modified) and test valiies from Hveem 
Stabilcneter 
Past experience - consider results of mechanical analysis 
and plate-bearing tests 

Total thickness related to strength of subgrade as Indicated 
by modified CBR 
Total thickness related to Hveem Stabilometer and 
swell-pressure test values 
Total thickness determined frcm design curves 
Consider load-carrying capacity as affected by drainability 
Consider CBR (modified) and test values ft-om Hveem Stabilcneter 
- add extra cover on frost-reactive materials 
Consider results of mechanical analysis and plate-bearing tests 

1/ The B l T o n c o m J l t l o o B io n o t o c c u r , o r o c c u r i n f r e q u e n t l y , m s a n e a r e a s o f t h e c o u n t r y However, some o f t h e a e o n d e s I n t h e s e 
a r e a s h a ™ l i s t e d t h e t h l c k n e s s e s s t h a t t h e i r d e s i g n methods v o u l d i n d i c a t e t o he s a t i s f a c t o r y 

2/ T h i c k e n e d edges 
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Mo Infi'ereiitlatlon as to 'graHlc 
Ararage TMctoMaae (In InclMS) Ukaly to tn Ha 

Flwtl^ila Baaa 
Subbaae Baaa BinSar Surface I Total Subbaael Baaa |Blnder | Surface I Total 

1 i/a 1 1/8 1 8 ^ 

2-10 

0-13 5-18 

9h 

15-23 6-18 

I.-12 
5-6 

h-B 
6 

l|-2 

14-27 

1^-23| 

12i 
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TABLE ih (continued) 

.a Hnjar Thaaa Condltloaa; 1/ Bubgrada Boil A-b. Ararage Amual galntail 32 inoMa, Avarage 
BaSiT-'l'niWa l^remeiir i I 

e riaxible Baae 
Baae Binder Surface Total Subbaae Base Binder Surface Total Subbaae 

- - - - 10 
12-lB 

10 
3 

-
H 17i-23j 

6 

12 12 3 l i 2 ^ 

8 17i 13 8 l i l i 24 4 

S l i 11 20 

20(cut) 
12 ( f i l l ) 

9 

4 

6 

8 

l i 

l i 
2 

l i 

l i 

l i 

27 
28i(out) 

2 C 4 ( f l l l ) 
20i 

0-lB 
7 

5-18 
10 i i 20 

6 l i 1^ 15 8 6 l i i j 17 0 

7 1* 14 13 
24-36 

12 

6 

4 i 

l i 
1 

l i 
1 

15 
32-38 

8 1 7 1 3 23 24 10 1 7 1 3 37 12 

- l i - 15 9* 

8 

2 

1 3/4 

2 

l i 

28 

11 

4 3 - 3 10 

0-12 24 2 1 27-39 

3-13 3 0 2 8-lB 

3-9 1 22^ 12 7 l i 1 2 l i 
0-6 5-14 4 1* 17 

5* 2 

12-21 2 

2 i 

l i 

9 i ^ 

15i-24| 

10 0 

I 

1 17 9 
8-12 

a 
3-6 

0 
2 

1 
1 

18 
14-21 

6 

6-10 6-10 i - i i 145-23 

l> 2 1 1 ^ 17 

6-9 

18-20 
1 

4 

2/6i-5-6i 

4 

2 

3 i 

1 24 

19-26 
2/195-16-19; 

29 

10 
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j a l TToeFTenetratloa 'M incbes 

Hedlim-'l'ral'flc i'aveme&t 
BiKld Ease Flex3.1)le Base •Agency 

3ase Binder Surface Total Subl)aGe Sase Binder Surface Total 

- - - - 6 
6-15 

8 
3 

-
2 i 11^-2(4 

1 AlB 
2 Ariz 

8-12 8-10 2 l i 19i-25i 3 Ark 

6 l i 13 10 6 1» l i 19 4 C a l i f 

6 l i 1^ 9 15 4 l i l i 22 5 Colo 

15(cut) 
1 2 ( f i U ) 

7 

6 

6 
l i 
2 

l i 
l i 

23i(cut) 
l 8 } ( f i U ) 

l 6 i 

6 Conn 

7 Del 

8 D of C 
9 r i a 

0-18 
7 

5-18 
9 i i % 7 i - 3 ^ 

19 

10 Ga 
11 Idaho 
12 111 

6 l i 8 i 0 7 I t l i 9 i 

13 Ind 
14 Iowa 
15 Kans 

IB-2I1 

8 l i 
2 

l i 
1 

11 

21-27 

16 Ky 
17 La 
18 He 
19 Ma 

12 3 l i l i - SO tfess 

8 - 2 ~ 22 18 8 • 2 2B 2i~i&oh 

- l i l i - 12 6* 

6 1 3 A 

l i 

l i 

21 

9 

22 Ibnn 
23 Hiss 

24 Mo 
2$ Hont 

3 2 - 2 7 26 Bobr 

0-12 

0-13 

le 
3 

2 

0 

1 

2 

21-33 

5-18 

27 Nev 
28 H E 
29 H J 
30 H H 

12 4 Ip 1 1 ^ 31 B Y 
12 0-10 

5 

7-10 

2 

7-ia 

0-2 

2 

1 

2 i 

l i 

11 

9 i 

H^-15i 

32 K 0 

33 N Dak 

34 Ohio 
35 Okla 

36 Ores 

6-8 

9 

l i 

0 1 

9-11 

16 

6-12 

8 

5i-a 

7 

l i 

0 

l i 

1 

8i-9 

16 

37 Pa 
38 H I 
39 S 0 
40 S Dak 
41 Tenn 
42 Texas 
43 Utah 

44 vt 

4-6 4-6 1 1 10-14 45 Va 

k 1 16^ lli-i 4 l i 1 21 46 Wash 

6-9 
9 

6-10 l i 
1 

1 
1 

l 4 J - 2 l i 
15 -16| 

47 W Va 
48 Wj.8c 
49 Wyo 

12-14 4-6 2-4 l i l ^ - 2 5 i 50 Ontario 



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

• T H E physical properties and characteristics of the various bituminous binders used 
in 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 
particlfes. In laying the mixture the binder must remain sufficiently plastic for easy 
and smooth spreading, and as soon as the mixture is 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 is 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 is adjusted and controlled 
by the temperature of the binder and the aggregates. A relatively high temperature 
must be maintained in 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 its 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 is 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 is 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 in a bituminous mix as the binder, the need for heating 
the binder is practically eliminated. Furthermore, by virtue of the emulsifying agent 
used in this type of binder, good adhesion, even with cold and damp aggregates, can be 
attained. When emulsified asphalts are used in 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, it falls short in another. 

An ideal binder for use in low cost paving mixtures then would be one whose physical 
properties, such as viscosity and surface tension, were such that cold and even damp 

1 0 8 



109 

aggregates could be used in 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 i t may approach more nearly the properties 
and characteristics desired in an ideal 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 f i r s t 
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 it 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 is extremely sticky, adher
ing tenaciously to all types of materials i t touches, and once i t has stuck it is 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 i t , should i t get started, and thus avoid the mess 
it creates. 

Although uncontrolled foaming of asphalt is highly undesirable, when the usual prop
erties of the foam are considered, a foam under proper control could be advantageously 
used in 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 is applied as a foam, a wider and more uniform distribu
tion of the binder can be obtained in mixing with aggregates than if the same quantity of 
binder is used as a liquid. An asphalt cement having a penetration of 85 to 100, when 
foamed, wi l l have a penetration of over 300 at the same temperature for some time 
after it has been foamed. Chemical constituent tests indicate that the asphalt has not 
changed even though its consistency and viscosity have changed. This change in phys
ical properties is 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 is 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 is extremely sticky, 
with both high cohesive and high adhesive properties. When a foamed asphalt is used 
as a binder in a bituminous mix, i t would be expected that there is improved adhesion 
between binder and aggregate, and a more cohesive mix would result. Preliminary 
tests indicate that this is true. The high adhesive property noted is 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 in 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 
wi l l penetrate small voids and crevices can be utilized to advantage because foamed 
binder wi l l penetrate agglomerations of dusts which liquid asphalts wi l l only coat with 
a layer of binder. Foamed asphalt thus lends itself more readily to soil stabilization 
than some other binders. 

The various desirable properties of foamed asphalt can be utilized practically and 
their advantages gained in 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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Foomed asphalt soil s tab i l i ze r 

steam tube 
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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 its 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
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 i t to the tip of the nozzle. The steam leaving the 
tube combines with the bituminous binder just above and in the throat of the nozzle tip 
orifice, creating the foamed asphalt. The foamed asphalt is 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 in 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-

Nozzle tip 

Nozzle ttiroot 

Figure 1. Foamed asphalt nozzle. 
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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 
the steam is shut off until the next sequence. Figure 3. P i l o t mixer equipped for foe 

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-lb laboratory 
pug mill mixer for laboratory tests and a larger pilot plant 300-lb 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-

Snall boiler unit for general- cently completed the development of a 
ing steam. mastic theory of design and a method of 

Figure 4. 
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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 asphalt in 
the production of mixes of this type was investigated f irs t . 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 i t was found that the 
usual paddle tips can perform this function.) The purpose of this type paddle tip is 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 f i lm of 
binder over the surface of the particle. When the bubble bursts the surface tension 
spreads the thin f i lm of binder forcefully and rapidly over the surface of the aggregate. 
The modified surface tension of the binder when in the form of a bubble also provides 
natural forces which induce a high adhesion between binder and aggregate particle. I t 
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: 

These materials are essentially the 
same as those used in the previous work 
(1,2). 

Mixes containing various combinations 
of these aggregates with various binder 
contents were prepared for test. The 
mixes were prepared by placing the prop
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 in 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. Al l 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-in. in diameter 
and about 1 m. 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 containing un

graded aggregates can be efficiently and successfully produced when foamed asphalt in 
the form of a discrete foam is 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 

TABLE 1 

Total % Fine Blow Pulverized Loess Limestone 
Passing Sand Sand 38% Clay Oust 

No 4 sieve 99 100 _ 

No 10 sieve 94 99 - _ 
No 40 sieve 20 98 _ _ 
No. 60 sieve - _ 98 
No. 80 sieve 3 33 _ 93 
No. ICQ sieve - - _ 90 
No 200 sieve 1 4 100 65 
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TABLE 2 TABLE 3 

BLOW SAND 70%, PULVERIZED LOESS 30% BLOW SAND 75%, PULVERIZED LOESS 25% 

Foamed Atomized Foamed Atomized 
8% Asphalt Cement Binder Binder 7% Asphalt Cement Binder Binder 8% Asphalt Cement 7% Asphalt Cement 

1450 1050 Hubbard field stability 1650 1250 Hubbard field stability 1450 1050 
Voids, % 13 5 14 Voids, % 16 3 15 6 
Resistance to freezmg-thawing Satisfactory Satisfactory Resistance to freezing-thawing Satisfactory Poor 

9% Asphalt Cement 8% Asphalt Cement 
1900 1300 Hubbard field stability 1600 1450 Hubbard Field Stability 1900 1300 

Voids, % 12.4 10 7 Voids, % 14 2 13 6 
Resistance to freezing-thawing Satisfactory Satisfactory Resistance to freezing-thawing Satisfactory Poor 

10% Asphalt Cement 9% Asphalt Cement 1250 Hubbard field stability 1650 1350 Hubbard Field Stability 1600 1250 
Voids, % 9.6 10.3 Voids, % 14 1 10.9 
Resistance to freezing-thawing Satisfactory Satisfactory Resistance to freezing-thawing Satisfactory Satisfactory 

11% Asphalt Cement 10% Asphalt Cement 
1350 Hubbard field stability 2050 1300 Hubbard field stability 1500 1350 

Voids, % 6 0 7 1 Voids, % 9 0 8.4 
Resistance to treezing-thawing Satisfactory Satisfactory Resistance to freezing-thawing Satisfactory Satisfactory 

TABLE 4 TABLE 5 
FINE SAND 80%, PULVERIZED LOESS 20% FINE SAND 75%, PULVERIZED LOESS 2'j% 

Foamed Atomized Foamed Atomized 

5% Asphalt Cement Binder Binder 6% Asphalt Cement Binder Binder 5% Asphalt Cement 6% Asphalt Cement 
2400 1700 Hubbard field stability 1400 1300 Hubbard field stability 2400 1700 

Voids, % 11 7 11 6 Voids, % 9 2 8.9 
Resistance to freezing-thawing Fair Poor Resistance to freezing-thawing Satisfactory Poor 

6% Asphalt Cement 7% Asphalt Cement 
1200 Hubbard field stability 2000 1650 Hubbard field stability 2200 1200 

Voids, % 9 7 9.0 Voids, % 7 1 8 3 
Resistance to freezing-thawing Fair Poor Resistance to freezing-thawing Satisfactory Satisfactory 

7% Asphalt Cement 8% Asphalt Cement 
1000 Hubbard field stability 1650 1500 Hubbard field stability 1800 1000 

Voids, % 5.9 6.6 Voids, % 4.6 4.5 
Resistance to freezing-thawing Satisfactory Satisfactory Resistance to freezing-thawing Satisfactory Satisfactory 

8% Asphalt Cement 9% Asphalt Cement 
1400 Hubbard field stability 1700 1350 Hubbard field stability 2100 1400 

Voids, % 3 7 4 7 Voids, % 1 7 2.7 
Resistance to freezing-thawing Satisfactory Satisfactory Resistance to freezing-thawing Satisfactory Satisfactory 

•''̂ ^^^ ^ greater general resistance to the effects 
BLOW SAND 70%, LIMESTONE DUST 30% 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 
psi and more required by the atomizii^ 
process. The need for high pressure pip
ing is eliminated, smaller units of equip
ment can be used, power consumption for 
operation is greatly reduced, leaks in the 

system are minimized 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 mil l 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
ly adjusted foam nozzle operating at 25 psi binder pressure and 50 psi saturated steam 

Foamed Atomized 
6% Asphalt Cement Asphalt Asphalt 

Hubbard field stability 1950 -
Voids, % 14.5 -
Resistance to freezing-thawing Satisfactory -

7% Asphalt Cement 
Hubbard field stability 2600 1800 
Voids, % 10 0 12.0 
Resistance to freezing-thawing Satisfactory Satisfactory 

8% Asphalt Cement 
Hubbard field stability 2350 1800 
Voids, % 10.5 11 2 
Resistance to freezing-thawing Satisfactory Satisfactory 

9% Asphalt Cement 
Hubbard field stability 3500 2350 
Voids, % 8 2 5.7 
Resistance to freezing-thawing Satisfactory Satisfactory 
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pressure. The mixing is done in a conventional manner. After placing aggregates in
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 f rom 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 f i l ler 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 f i l le r 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 m the form of a concentrated foam. A l l indications noted 
during the study are that this method is 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 m the preparation 
of plant mix soil stabilization mixes was investigated. 

In the preceding work on the preparation of bituminous mixes containing ungraded 
aggregates the f i l le r used to form the mastic was a dry mineral dust. Therefore the 
f i rs t series of tests conducted in relation to soil stabilization was made to determine 
whether or not an unpulverized or raw damp loess could be used as the f i l ler . 

The pilot plant mixer was used to prepare the mixes tested in this part of the study. 
This mixer is a 300-lb capacity, batch type, standard twin shaft pug mi l l 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 
psi for the saturated steam pressure. 

Tests were f i r s t 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 in these mixes is the same as that used in previous mixes (Table 1). 
The loess is 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-lb 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 initial moisture in the ag
gregates. It was found, however, that a total moisture content of about 8 percent in 
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 uniform 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 distributed 
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 in 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 tr ial 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 is significant as wi l l 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 sti l l 
damp. The tests made after submerging the specimens in water at 140 F for 1 hour 
yielded only 600 to 650-lb stability. Specimens cured for 11 days prior to testing were 
much drier and yielded a stability of 1,100 lb. It seems that as the mix dries its sta
bility increases and once dried i t 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 f t wide, 20 f t in length and 6 in. in depth, carrying about 400 cars a day. The 
mix laid in one l i f t 6 in. 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 ram 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 lb 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 rams, snow 
and ice on the surface. 

In preparation for in-place soil stabilization studies of this method, the material 
removed from the roadway in the above test area was tried in plant mix operations. 
The existing roadway was surfaced with power house cinders laid about 1 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 soil, were used m this test. The grada
tion of this combined material was as follows: 

Sieve Total Percent Passing 
3 

TABLE 7 
MEf. 75% FINE SAND, 25% RAW LOESS 

'/a 93 
4 82 Moisture content during mixing 8% 

, n c Q Hubbard field stability 77 F dry 
10 OB 140 F dry 
40 46 standard 140 F wet 

80 34 
200 26 Unit weight, pcf 

Resistance to freezing-thawing 
In preparing these mixes, the cinder- Max volume change 

% voids in compacted mixture, 
not corrected for moisture 

6% A C. 5% A C. 
3000 310U 
1650 2200 
600 650 

12% 14% 
148 151 

Good Good 
4% 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 
cinder- clay soil combination. The mixes 
were prepared and tested in the same man
ner as the cinder clayey soil mixes. The 
test results are shown in Table 9. 

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. 

Moisture in mixture 
Marshall stability 140 F wet 
Voids in compacted specimen 
Resistance to freezing-thawing 
Unit weight per cu ft 

480 lb 
16. 7 

Fair 
142 lb 

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 lb. 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 

T A B L E 9 

mixer 

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 
foaming the asphalt. 

Figure 6. Spray bar attachment. 

Figure 8. Stabi l izer in operation. 

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. 

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 soil 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 f t 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, i t 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 in three 8-ft wide parallel and adjacent lanes. The 
f i r s t 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, i t 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 soil 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 i t rolled well under a pneumatic 
roller and compacted tightly. In a few places where subgrade was sti l l 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 
f i rs t mixing and blending pass was followed by successive stabilization passes applying 
6 percent binder to the soil. 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 i t was completed. Behavior 
was observed under traffic for about a week. During this period no displacement m 
any of the lanes was noted. A slight 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 lb per sq yd of coarse sand. The other haU was sealed with 
Schlamme (3) applied at the rate of about 8 lb per sq yd, giving a layer about Vs 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 is expected that tests wi l l 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 soil stabili
zation operation. I t has also shown that i t 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 in 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. The gradation of these aggregates blended 
for the mix was as follows: 

TABLE 10 
BLEND OF 

PREBLENDED 
STONE, 30%; 

SAND 35%; CHIPS, 35% 

Sieve No. Total % Iowa Specifications 
Passing Type A 

1 in. 100 98-100 
% in. 99 98-100 
72 m. 
% in. 

92 -100 72 m. 
% 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 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 
m the laboratory. The results of this test 
are shown in Table 11. 

The f i rs t sequence of tests was made 
using cold damp a^regates 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 in the form of a 
concentrated foam was added, followed by 

a 30 second wet mix. The total mixing time was 47 seconds. 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 in 
the f i r s t sequence. Excellent mixes were 
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 mi l l mixers, 
In which no special paddle tips or mixer speed changes are required. 

A third sequence of tests was conducted to determine the limiting 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 

TABLE 11 
TYPE A ASPHALTIC CONCRETE 

CONSTRUCTION SAMPLE 

% asphalt cement 
Marshall stability. 
Flow 
Unit weight, pcf 
Percent voids 

lb 
6.5 

1260 
12 

142 
7.1 

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 in 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% 7% 
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 is applied in the form of a concentrated foam as it is when 
the binder is applied in either liquid or atomized droplet form. This characteristic of 
a foam binder in 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 in several forms has been studied and the applicability and the 
efficacy of such foamed binders in bituminous paving mixtures and in bituminous soil 
stabilization has been investigated. Although the work was somewhat exploratory in 
nature, a mass of significant 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 in 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 viscosity is restored to nor
mal during compaction of the mixture, permitting i t to set rapidly. The surface ten
sion of the binder is so modified that coating of the aggregate is 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 is 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 mil l 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 in the uniform distribution of 
the foamed binder throughout the mix. Mixing of this type of mixture can be accom
plished in 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 is 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 sti l l 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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