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VOLUMETRIC DESIGN
OF ASPHALTIC CONCRETE
PAVEMENT

Preface

"Design and Construction of Asphaltic Concrete Pavement Using Volumetric

Design Specifications'" was published in January, 1971, as Research

Report SS 15.2.

General interest in volumetric design specifications has indicated a
need for publishing additional data on the subject. This report
incorporafes all material contained in Research Report SS 15.2. Also,
construction experience on the second contract project, completed
subsequent to the initial report, is included. Skid test results

of completed pavements are reported to give further data on pavement
performance under traffic. The latest skid tests included in this

report were made in July, 1971.

The portion of the report dealing with initial development of the
volumetric design specification has been expanded. Curves illustrating
the factors considered in specification development have been included

in the text.



VOLUMETRIC DESIGN
OF ASPHALTIC CONCRETE
PAVEMENT

Abstract

Plans and specifications for two asphaltic concrete overlay projects
in District Seventeen have been prepared on the basis of volumetric
design of the paving mixture rather than the usual practice of weight
design. The specifications also required a polish test for coarse
aggregate. Both projects have been completed and the comments,
observations, conclusions, and recommendations in this report are
based on the experience gained during their construction. This

report contains a description of the factors considered in preparation
of the specifications, an analysis of bids received on the two proj-
ects, an evaluation of the use of the volumetric specification and a
summary of skid testing of the completed pavements. Recommendations
are also presented for future use of the volumetric design specification

and polish test for aggregates.
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VOLUMETRIC DESIGN
OF ASPHALTIC CONCRETE
PAVEMENT

Introduction

In District Seventeen, as in most other areas of the State,
asphaltic concrete overlays have been used as a part of a
continuing program of maintenance and improvement of the

highway system. These overlays have proved to be effective

in improving the riding surface, strengthening the pavement
structure and extending the service life of the highway. 1In

past years, most of the overlays in District Seventeen have been

a fine graded asphaltic concrete with aggregates consisting of a
combination of Rockdale slag aggregate and crushed stone screenings.
This material has many advantages in that it is economical, provides
a good riding surface, provides a good color and texture contrast
with surfaced shoulders, has a good resistance to reflection
cracking and has fairly good skid resistance. However, the fine
texture of this pavement leads to problems of hydroplaning with
even extremely thin films of water on the pavement surface. For
this reason, modification of overlay practices to produce a
pavement with better surface drainage characteristics and a
somewhat more open texture to minimize hydroplaning appears to

be worthy of consideration.

This report covers two contracts for asphaltic concrete overlays

in District Seventeen. These projects were authorized under the



1969 State Highway Safety and Betterment Program and the 1970 State
Highway Safety and Betterment Program. Within this report, these are

identified as the 1969 Project and the 1970 Project.

Both of these projects covered several individual sections of highway,
each of which had a separate project identification. For purposes of
reference, the 1969 Project and 1970 Project were identified as

C 49-14-2, etc., and C 49-8-29, etc., respectively.

For these projects, new specifications were drafted. This was done in
an attempt to achieve a goal of a pavement with good surface drain-
age characteristics and skid resistance, making maximum utilization

of aggregates which are readily available. This report covers the
preparation of plans and specifications and experience gained during
construction under the two contracts. Results of skid tests on com-

pleted pavements are also reported.

SPECIFICATION DEVELOPMENT (1969 PROJECT)

Factors Considered

The 1969 State Highway Safety and Betterment Program included funding
for asphaltic concrete overlays on several highways in District
Seventeen. For this project, it was decided that a mix would be
specified with a maximum size aggregate of approximately %'". This
- aggregate size was selected with the intent of producing a pavement with
good surface drainage characteristics, which would minimize problems of
hydroplaning. Specifications in current use within the Texas Highway

Department were reviewed to ascertain practices in other areas of the




State. It was found that most specifications were written to allow
the use of certain locally available materials or were written for
the use of a single specified type of aggregate with the exclusion of
all others. As it appeared that no current specification met all the
needs for the District Seventeen project, it was determined that it

would be desirable to prepare a new specification.

In drafting a new specification, the following items were given
consideration:

(1) The specification should be a general specification which
could be used for many different projects and for various
types of pavement with gradations ranging from a fine
textured surface course to a coarse graded base course.

(2) The specification should be written to allow the contractor
a maximum degree of latitude in selecting materialé.

(3) The specification should be prepared in such a manner that
a maximum number of material suppliers coﬁld furnish aggregate
for the project at a competitive price.

(4) The specification should allow the use of the most economical
mix designs which would produce the desired qualities in the
finished pavement.

(5) As several experimental projects had indicated that the use
of synthetic aggregates would produce a surface with very good
skid resistance, the specification should be drafted in such a
manner to encourage the use of synthetic aggregates.

(6) Field measurement for pay quantities should be simplified as

much as possible to facilitate keeping job records.



(7) The time and effort required for job control testing
should not be greatly increased over that required for

current specifications,

(8) The specification should be specific enough in regard to
types of material required so the contractor would have
sufficient information to prepare his bids with a.

reasonable degree of certainty.

9 A specification for hot mix asphaltic concrete should be
written in such a manner that compatible companion
specifications could be prepared for alternate materials
(Hot Mix Cold Laid Asphaltic Concrete and Limestone Rock

Asphalt Pavement.)

Paving Quantities

It had been noted on some projects in the past that the
usual practice of setting paving rates based on units of
pounds per square yard resulted in considerable variation
from plan rates to secure the desired thickness of pave-
ment. This is due to the fact that plan rates were based
upon an assumed unit weight of paving material which might
be considerably different from the unit weight of material

actually produced. The variations in unit weight are a



direct result of variations in specific gravity of aggregates

from different sources. When lightweight or synthetic aggregates
are considered, the problems of correlating thickness or volume of
completed pavement with weight of paving material are greatly

increased.

On previous projects where synthetic aggregates had been specified
with payment based on weight, it was necessary to specify a minimum
percentage of the total aggregate to be composed of synthetic
aggregates. As a result,kmost synthetic aggregate specifications
have limited application in that they have been tailored to fit
specific material sources and have little meaning when the wide
range of specific gravities of available materials are considered.
Even when the specification is restricted to synthetic aggregates,
there is still a considerable problem in specifying the weights

of the various aggregate portions of the mix, as synthetic
aggregates are available with bulk unit weights from 35 to 65
pounds per cubic foot. A design based upon one particular type

of aggregate would give entirely different results if aggregate

with a different unit weight were substituted in the design.



Figure I illustrates the possible range of volume that could be
produced from one ton of paving mixture. The mix proportioning
assumed for this example is comparable to mixes in general use.
It was assumed that the fine aggregate portion of the mix would
have a constant specific gravity of 2.60, but the specific
gravity of the coarse aggregate could vary over the broad range
which could be attained with the use of the lighter synthetic
aggregates, natural aggregates, or combinations of synthetic
and natural aggregates. It is apparent that when synthetic
aggregates are used, the weight-volume relationship can vary

greatly.

Measurement and Payment

"In the initial consideration of the new specification, it became
evident that some method would be needed to provide an equitable
method of measurement and payment. For the paving mixture con-
sidered in Figure I, an analysis was made of equivalent costs
per ton of aggregate. It was found that as the specific gravity
of the coarse aggregate varied, there was a wide range in price
per ton of aggregate to result in an equal cost for a given

volume of pavement.
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In Figure II, three curves show the variation in equivalent
aggregate prices per ton to result in an equal cost for equal
volume of total aggregate. Additional curves could be drawn

for other base prices of aggregate. Generally, any pavement
design method used will be based on a determination of required
thickness or volume of paving courses, without regard to weight of
paving material. It is evident from Figure II that basing payment

upon tons of aggregate furnished would not be an equitable method

of payment.,

Consideration was given to a specification whereby measurement would
be based upon rodded unit weight of the combined aggregates sampled

from the hot bins of the paving plant. Apparently, this method would
be workable for hot mix or hot mix cold laid asphaltic concrete; how-

ever, it has no direct application to the limestone rock asphalt.

In order to develop a truly usable specification, it was decided that

the method of measurement and payment should be based upon some method
which could be applied equally to all three of these paving materials.
As all aggregates, including natural aggregates, have varying specific
gravities; it was considered advisable to base payment upon volume of

completed pavement produced, regardless of the unit weight of the

_particular aggregates the contractor elected to use.

The method finally selected was in accordance with recommendations

made by the Highway Design Division and a Statewide Specification
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Committee. The basis of measurement was the unit weights of the
laboratory specimens molded }or density and stability tests. The
advantage of this method is that no additional sampling and measuring
procedures would be required other than those necessary to meet
existing test requirements. The computation of pay quantities would
be a fairly simple mathematical procedure using data from the usual
plant laboratory tests. As all asphaltic concrete plants are equipped
with batch scales or truck scales to measure the weight of material
produced, scale weights were retained in the measurement method. This
would allow the contractor to use his plant equipment in the same
manner in which it had been used in past projects under other
specifications. It was decided to continue to pay for asphalt on a
weight basis, as asphalt is measured by weight in the mixing plant

and it is a fairly simple procedure to determine the total weight of
asphalt used on a project. The measurement for aggregate was to be

made on a compacted volume basis by the following formula:

A = W
62.4 (27)Ga
A = Cubic yards of compacted aggregate
W = Total weight of asphaltic concrete in pounds
Ga = i Average specific gravity of three molded

specimens as prepared by Test Method Tex-

206-F and determined in accordance with

Test Method Tex-207-F.
This formula may be considered as a measure of either the cubic yards
of compacted aggregate or the cubic yards of compacted asphaltic con-
crete mix as the asphalt is considered to only fill a portion of the
air voids in the aggregate and does not add to the volume of the com-

pacted mix until 1007 density is reached. As the intent of the

specification is to produce a mix with less than 100% laboratory

10
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Mix

density, this formula is valid within the range of densities to be
produced under the specification. The first impression received by
some observers is that as the factor "W'" includes weight of asphalt,
the weight of asphalt used in the mix is included in the measurement
term "V" and double payment is made for asphalt. This, however, is not
the case as the weight of asphalt in the specimen is also included in
the term "Ga”, which cancels the effect of asphalt weight and makes "V"

a true expression of volume of compacted aggregate.

Proportioning

After the method of measurement and payment had been determined, it was
apparent that the body of the specification should contain limits for
master gradation of the aggregate and asphalt content on a volume basis.
Asphaltic concrete pavement mix aesign is based upon a particle size
distribution and an aSphalt content which will produce a compacted ;
pavement with the desired surface texture, aggregate interlock for
strength and stability, and the desired asphalt content for cohesion,

impermeability and resistance to oxidation.

These properties of a completed pavement are all volume relationships
rather than weight rélationships. In practice, experienced engineers
and inspectors make a visual judgment of pavement texture based ﬁpon
the apparent proportions of aggregate particles of each size visible

in the pavement surface. This is definitely a judgment of volume of
aggregate particles of each size, and the weight of the aggregate par-
ticles has no bearing on this evaluation. The basic purpose of speci-
fying a range of gradation and asphalt content for a bituminous mixture

is to establish limits which have been proved through experience to

11



produce the desired end product. In previous asphaltic concrete speci-
fications, these requirements have been on the basis of percentage by .
weight of the aggregate particles retained on specified sieve sizes

and a percent by weight of asphalt in the total mix. The requirements

in specifications in general usage are valid for natural aggregates in

that specific gravity of the aggregate particles of various sizes may

differ, but the variation is not critical to the degree that a satis-

factory mixture cannot be produced within the limits of master gradation.
However, when synthetic aggregates having specific gravities which may

be less than half those of natural aggregates are introduced into the .
mix, different criteria for proportioning of the aggregates must be

developed. 1t is 1ogica1 to establish these criteria on a volume

relationship between all of the components of the completed mix. By

this method, the desired texture and particle size distribution can be

attained regardless of the specific gravities of the individual

aggregate particles. -

Figure III illustrates the volume relationship of asphalt, fine .
aggregate and coarse aggregate in the paving mixture proportioned by

weight. The mixture used for this analysis is the same as that used

earlier where the fine aggregate is assumed to have a constant specific

gravity of 2.60 and the specific gravity of the coarse aggregate varies

over a broad range. When the coarse aggregate has a low specific

gravity, the volume of coarse aggregate is greatly increased and the

volume of asphalt and fine aggregate is not sufficient to fill the

voids of the coarse aggregate. Thus, a poorly proportioned mix will

result. v

12
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In order to provide a paving mixture with the desired proportions

of asphalt, fine aggregate, and coarse aggregate by volume, the

weights of each of these materials must be varied as the specific

gravity of aggregates varies, as shown in Figure IV. This figure

illustrates the proportions by weight of each of the three compon-

ents of the paving mix for varying specific gravities of the coarse

aggregate. Each mix in this figure would have the same volume of

asphalt, fine aggregate, and coarse aggregate, as would a mix pro- -
portioned by weight of 6% asphalt, 36% fine aggregate, and 58% coarse

aggregate when the specific gravities of both the fine aggregate and

coarse aggregate are 2.60. Usual specification limits would allow a

band of coarse aggregate of from 50 to 707% of the total weight of the

paving mixture. To provide for a wide range of specific gravity for

the coarse aggregate, a specification limit based upon weight would -
have to be in the range of 30 to 707 by weight for coarse aggregate.

This limit is too broad to have any real meaning and would serve

little purpose in a specification.

From this analysis, it was decided that a specification permitting
the use of synthetic aggregates and combinations of natural and
synthetic aggregates should be prepared on a volume basis. It was
concluded that, if the volume of aggregate of each sieve size and
the volume of asphalt were specified, a satisfactory mixture could

be produced, regardless of the weights of the various materials,

14
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Selection of Master Gradation

A volumetric design specification was prepared in accordance with

the above considerations. It was assumed that the aggregate gradation
as specified in Item 340 of the Standard Specifications and Special
Provisions thereto, had been proved to be generally satisfactory for
natural aggregates normally used in asphaltic concrete pavements
throughout the State. The assumption was also made that these gradation
requirements had been developed on the basis of approximately equal
specific gravities for all aggregate particles in the mix and there-
fore, for natural aggregates of uniform specific gravity, also ex-

pressed a volume relationship of the various particle sizes.

In the volumetric specification, the same limits of master gradation
were used except that the proportions were expressed as a percentage
of volume, rather than weight. Fundamentally, this approach to the
design specification is based. upon the premise that if aggregate par-
ticles of a particular size were removed from a satisfactory mix and
replaced by én equal volume of aggregate particles with similar shape,
size, and absorptive quality, but with considerably higher or lower
specific gravity, the characteristics of the total mix would not be

significantly altered.

Agoregate Requirements

Past experieﬁce and information available from suppliers indicated
that in some areas, natural aggregates and synthetic aggregates could
be supplied by the contractor for approximately equal costs per

cubic yard.

16



In general, the cost at the source would be higher for the synthetic
aggregate than for natural aggregates; however, for projects located a
considerable distance from the source, the saving on freight due to
the lighter weight of the synthetic aggregates would tend to offset
the higher cosf at the source so that they could be furnished at the
project site for about the same cost as natural aggregates. The new
specification was prepared allowing the use of all types of aggregate
which had been used previously in asphaltic concrete pavements with
satisfactory results. The use of synthetic aggregates was permitted,
but this was not a mandatory requirement. The specification, in
effect, was written to allow the use of natural, synthetic, or combi-
nations of these aggregates to make materials from many different

sources economically competitive.

Format
The format of the volumetric design specification and the testing
required for components of the mix and the completed mix were pattermned
after specifications in current usage. It was necessary to make minor
changes in wording throughout the specification so that all require-

ments would be compatible with the volumetric method of design.

Test Procedures

Upon completion of the volumetric design specification, it was apparent
that no established procedures had been developed for preliminary design
and job control testing of the bituminous mix to be produced under this
specification. The established method for design of bituminous mix-
tures is given in Construction Manual C-14. The methods outlined in

this manual were not directly applicable to a volumetric design; however,

17



the format of Manual C-14 was followed to prepare a design procedure
for the volumetric design specification. This procedure included the
determination of bulk specific gravity of synthetic aggregates in
accordance with a test method developed by J. S. Bryant and des-
cribed in the Thesis entitled, '"Determination of the Moisture
Absorption Characteristics of Lightweight Concrete Aggregates'. Prior
to making trial laboratory mixes and subjecting specimens to density -
and stability tests, it 1s necessary to make a sieve analysis of

aggregates proposed for use, assume proportions of the various

materials to be blended, and check the resulting blended materials

against specification requirements. Manual C-14 describes methods

whereby this analysis can be done through calculation, and physical

blending of the materials is not necessary until a proportioning

meeting specification requirements has been determined. A similar

procedure for the volumetric design was needed, and methods suggested

by Bob M. Gallaway and E. R, Hargett, as a result of their research for -
the Texas Transportation Institute,were incorporated in the design

procedure. This provided a simple, straightforward procedure whereby

a proportioning of the various materials could be selected for the

purpose of making laboratory trial mixes. The procedure included

instructions and examples for converting volume measurements to weight
measurements to facilitate the proportioning and blending of the

materials.

18




The new specification included requirements for aggregate propor-
tioning based upon volume of individual particle sizes. However,

no test procedure had been established for use as a job control

test to insure specification compliance. To meet this need, a

test method "Volumetric Sieve Analysis»of Fine and Coarse Aggregates"
was prepared. This test procedure provides for the measurement of
volume of aggregate particles by submerging them in a liquid and
measuring the volume of liquid displaced. The liquid specified for
use is one of the types of solvent used in asphalt laboratories for
the extraction test. The type of liquid is not critical except that
a liquid with good wetting properties is needed so that the fine

aggregate particles do not tend to float on the liquid.

Some modification was needed in Test Method Tex-210-F. This test
method is based upon a weight relationship of asphalt and aggregate
and it was necessary to prepare an addendum to correlate with the

volumetric specification.

Polish Test
For this project, it was desired to use a coarse aggregate with high
resistance to polishing under traffic so that the pavement surface
would retain a good skid resistance throughout its life. The
Accelerated Polish Test as developed by the Highway Design Division
Research Section was adopted as a specification requirement for coarse
aggregate. The plans provided that all coarse aggregate would have a
polish value of not less than 29 when subjected to the Accelerated

Polish Test.

19



The specification was interpreted to mean that aggregate from each

source proposed for use would be tested individually, and if the

contractor elected to use two or more coarse aggregates, each would -
be required to meet the polish test requirements. The minimum polish

test value of 29 was selected as prior research had indicated that

this was the minimum value which would provide an aggregate that would

retain the desired skid resistance.

Project Description, Plans, and Specifications *

After final approval of specifications, the plans were completed and
processed for letting. As this was considered to be an experimental
project, the plans provided for hot mix asphaltic concrete without
alternates. This project was considered experimental in that it was
intended to provide an evaluation of the volumetric specification and
job control procedures under actual construction conditions. Also, the
project was intended to furnish additional data on the effect of the
polish value test for coarse aggregate on the types of aggregates which
the contractor would furnish and the bid prices for the work. Also, in -
an effort to obtain additional data relative. to construction of non-skid
pavements, it was planned to make skid tests of the completed pavement
immediately after construction and at intervals to determine changes in

frictional factors of the pavement under traffic.

The construction plans included ten individual projects to be covered by
a single contract. In addition to asphaltic concrete overlay, the plans
also provided for some asphalt surface treatment work, primarily on
shoulders. The locations and descriptions of the individual projects
are shown by Figure V. For convenience in keeping project records, each
individual project was identified by a reference number.

20
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1969 DISTRICT LEVEL UP
PROJECT C-49-14-2, Etc.

REF.
PROJ. HWY LIMITS

1 TM 2818 SH 21 SE to FM 2513
2 FM 975 SH 21 South
3 SH 90 8th St. in Navasota
to Navasota River B:
4 US 190 SH 90 West
5 US 190 SH 90 East
6 FM 1786 US 79 South
7 M 46 Falls C/L to SH 14
8 SH 14 FM 46 to FM 1373
9 SH 14 Falls C/L to FM 46
10 SH 36 US 290 South to

Austin C/L

WASHINGTON | g —— .—‘

FIGURE V



The specification for this project included:
Special Specification 1961, Hot Mix Asphaltic Concrete
Pavement (Volumetric Design)
Design of Bituminous Mixtures (Volumetric Design)

Excerpt from ''The Determination of the Moisture Absorption
Characteristics of Lightweight Concrete Aggregates'

Test Method Volumetric Analysis of Fine and Coarse Aggregates
Addendum to Test Method Tex-210-F

Special Provision to Item 6, Control of Materials

These documents are included in this report as Appendix I through

Appendix VI,

Bid Analysis

On August 19, 1969, three bids were received on this project. Low
bidder was Young Brothers, Inc., Contractors of Waco, Texas.

Table I shows the bids received and unit prices bid.

The low bid was approximately 467 over the programmed funds;

however, it was decided to award the contract to the low bidder
as this was an experimental project and it was recognized from
its inception that the cost might be higher than other similar

work.

22




TABLE I

1 2 3
Quantity Items Young Bros. Ashland Gaylord
32. Hr Roll (Flat Wheel) $ 6.00 $10.00 $10.00
80. Hr Roll (Lt Pneum Tire) $ 6.00 $10.00 $10.00
566. cY Aggr Ty A Gr 4 Mod $10.00 $9.00  $10.00
951, CY Agegr Ty D Gr 4 Mod $10.00 $11.50 $§12.00
50,088. Gal Asph AC 10 $ .20 $ .20 § .22
10,472. cY Aggr Ty D $22.50 $23.00  $25.15
1,047.2 Ton Asphalt (AC) $22.50 $27.00 $27.00
13,938. Gal Tack Coat $ .15 $§ .15 $ .20
BIDDER TOTAL BID
1 YOUNG BROTHERS INCORPORATED, CONTRACTORS $287,132.30
2 ASHIAND OIL AND REFINING COMPANY $298,389.20
3 GAYLORD CONSTRUCTION COMPANY $323,644.16

23



Discussion with bidders and material suppliers indicated there were

several factors which influenced the contractors

bids resulting in

unit prices considerably higher than usual asphaltic concrete projects.

These factors are:

)

(2)

(3

()

Material suppliers were not sure\of the expense which
would be involved in supplying aggregates meeting the
new polish test requirement, and there was a question
as to whether some sources of aggregate would meet

the test.

The contract covered small individual projects in
several locations in District Seventeen, and the
contractors had to consider, in their bids, a
relatively high moving cost from project to project.
The work should be started late in the asphalt season,
and it could be anticipated that delays would be
experienced due to unfavorable weather conditions.

The contractors were totally unfamiliar with a
volumetric specification and had no previous experience
in converting operating costs from a tonnage basis to
a volume basis. As is generally the case, it appeared
that the bidders increased the unit prices due to an

unfamiliar specification.



€))

As this was an experimental project, the bidders
anticipated possible lost time for mix design and
testing, possibly resulting in low rates of
production, and offset this risk by increased bid

prices.

SPECIFICATION DEVELOPMENT (1970 PROJECT)

Updating of Spécifications

Another asphaltic concrete level up and overlay project was

. authorized for District Seventeen in 1970 Highway Safety and

Betterment Program. Based upon experiences on the 1969 project,

it was decided to proceed with the same general specifications for

the 1970 job. Some modifications were made in the specification

requirements. These were:

¢y

(2)

(3

There was some change in format for the asphaltic
concrete specification, but these changes were for the
purposes of improving the readability of the
specification and making a more convenient agreement of
the text, but did not materially alter any requirements.
The tolerance for asphalt content as reflected by the
extraction tests was broadened to more nearly reflect
the accuracy obtainable through this test.

The polish value test requirement Waé incorporated in
the asphaltic concrete specifications rather than as a
special provision to Item No. 6 as on the previous

project.

25




4) The polish value requirement was raised to a minimum
value of 34 in order to secure aggregates with slightly
better polish resistance than those which had been used >
on the 1969 project. Also, this change in polish test
requirements was based upon experience that indicated
that the minimum requirement should be raised somewhat
in order to more nearly correspond with the reproducibility
of results from the tests and insure a satisfactory "
‘quality of aggregate.
(5). In keeping with general Departmental policy, the plans
provided for a base bid of hot mix asphaltic concrete
pavement with alternate bids for hot mix cold laid

asphaltic concrete pavement and limestone rock asphalt.

The 1970 project provided for a spot level up course and a finish

course. Approximately 307% of the total material was to be used for

the level up course. The plans provided that the polish value test -
requirement would apply only to coarse aggregate to be used in the

finish course. This, in effect, allowed the use of locally

available uncrushed siliceous gravel in the level up course.

The locations and descriptions of the individual projects are shown

by Figure VI,
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WASHINGTON

1970 DISTRICT LEVEL UP
PROJECT C-49-8-29,Etc.

REF,
PROJ. HWY LIMITS

1 ~ SH®6 0.5 Mi S of Hearne
to Brazos C/L
2 SH 6 Benchley to 3.7 Mi.
N of SH 21
3 SH 36 0.3 Mi S of Yegua Cr.
to Brenham
4 SH 36 Loop 283 N of Brenham
to FM 577 S of Brenham
5 US 77 Falls C/L to Cameron

FIGURE VI



Bid Analysis

Bids were received on the 1970 contract in November, 1970.

Seven bids were received with the low bidder being Jones

G. Finke, Inc., of Sealy, Texas. The second bidder was

extremely close to the low bidder. A tabulation of bids d

received is shown in Table II.
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TABLE II

1 2 3 4 5 6 7
Quantity Items Finke Allan Jarbet | Freeland | Gaylord | Robertson | Young
13. Hr | Roll Flat Wheel (210) 9.00 9.00 12.50 8.25 8.00 10.00 7.00
21. Hr | Roll Lt Pneum Tire(213) 9.00 9.00 12.50 8.25 8.00 8.00 7.00
1,013. CY | Aggr Ty D Gr 4 Mod (316) 9.00 8.50 10.00 |10.52 9.60 12.00 8.00
31,898. Gal | Asph AC 10 RC-5 or EA-HVRS 24 .20 .20 .30 .19 .21 .20
*46,127. CY | Aggr Ty D (2103) 13.20 12,37 NB NB 15.75 17.20 18.30
* 5,230.5 | Ton | Asphalt AC (2103) 20.08 26.00 NB NB 26.55 26.50 35.00
*55,285. Gal | Tack Coat (2103) .00001 .175 NB NB .01 .15 .10
ALTERNATE 1A
46,127. CY | Cold Mix LRAP (Ty C)(330) NB NB 16.25 |16.45 NB NB NB
55,285. Gal | Tack Coat RC-2 (330) NB NB .20 .20 NB NB NB
ALTERNATE 1B
46,127, CY | HM CL ACP (Ty DD)(2104) NO BIDS | ON ALT. 1B
55,285. Gal | Tack Coat RC-2 (2104)
BIDDER TOTAL BID
1 JONES G. FINKE, INC. $730,983.91
2 ALLAN CONSTRUCTION COMPANY, INC. $731,554.97
3 THE JARBET COMPANY $777,555.35
4 H. L. FREELAND, INC., GEO. M. AMTHOR $790,352.81
5 GAYLORD CONSTRUCTION COMPANY $881,980.30
6 ROBERTSON CONSTRUCTION COMPANY $959,437.98
7 YOUNG BROTHERS, INC, CONTRACTORS $1,047,441.70




The bids for this project were much more favorable than those

received for the 1969 project. This can be attributed to several

factors.

1

(2)

(3)

4)

The 1970 project included a greater quantity of material

and fewer construction sites which tended to decrease

the unit cost of production.

Several éther projects had been let in the State with

measurement and payment based upon volume. These .
projects did not include volumetric design and job
control testing, but they did allow the contractors

to become more familiar with the methods of measurement
and payment.

Bidders were more familiar with the volumetric design
concept than they had been when bids were received on

the 1969 project.

The Residency personnel who showed the project to
prospective bidders had assembled considerable data
showing methods of converting from a tonnage basis to

a volume basis for design, plant control, and measurement
and payment. Aléo, a special effort had been made to
thoroughly acquaint Residency personnel with all aspects
of this relatively new specification and they were in a
position to thoroughly discuss the specification

requirements with prospective bidders.
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(5) The Residency personnel had secured samples of aggregates
from several commercial sources which were within a
reasonable haul distance of this project and furnished the
prospective bidders with tentative designs showing the
percentages of various aggregates which would be required
to meet gradation specifications. This information was
furnished to the bidders with a clear understanding that
it was for their information only and that this, in no way,
relieved the contractor from furnishing aggregates which
would meet the specification requirements and blending
them in proportions which would meet all other test.

requirements.

It appears that the bid prices received on the 1970 asphaltic concrete
project compare favorably with prices received for similar work under
the standard asphaltic concrete specifications based upon tonnage
measurement and payment. Also, it appears that the requirement for
the polish value test for coarse aggregate did not contribute
significantly to increased bid prices on this contract. The low
bidder advised that he planned to furnish uncrushed siliceous

gravel from a source near Hearne for the level up course and to
furnish synthetic coarse aggregate from Texas Industries, Clodine
plant, for the finish course. These aggregates would be combined
with local fine aggregates and field sand to produce the required
gradation. Preliminary tests on the Clodine material indicated

no problems in meeting the polish value requirement.
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One other factor noted in the bids received was that two of the
bidders elected to bid the alternate for limestone rock asphalt.
The specification requirements for this material were no more
stringent than the usual spgcification for the rock asphalt
alternate and the preliminary tests indicate that the rock

asphalt easily meets the polish test requirements. ' Therefore,

it can be concluded that the volumetric design for hot mix
asphaltic coﬁcrete is economically competitive with the alternatev

paving materials.

The specifications for the 1970 project included:

Important Notice to Contractors, Accelerated Polish Test
Method for Coarse Aggregate Used in Pavement Surfaces

Special Provision 026 to Item 330

Special Specification, Hot Mix Asphaltic Concrete Pavement
(Volumetric Design) (2103.000)

Special Specification, Hot Mix Cold-Laid Asphaltic Concrete
- Pavement (Volumetric Design) (2104.000)

The documents are included in this report as Appendix VII through

Appendix X,
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- CONSTRUCTION OPERATIONS AND JOB CONTROL TESTING (1969 PROJECT)

Plant Location

Hot Mix Asphaltic Concrete for the 1969 project was produced
from three different planté. These were permanent or semi-
permanent plants and no plant was set up specifically for this
project. The plant locations were at Feld, near Georgetown;

at Waco; and at Texas A & M University Research Annex, near
Bryan. In general, the contractor produced material for the
individual sections of highway from the plant which would result
in a minimum amount of material haul expense; however, in a few
instances, in order to coordinate with other work, material was
produced from a plant other than the one nearest a particular
project.

Construction Sequence

Construction of the asphaltic concrete pavement was started on
October 14, 1969, and was completed on May 5, 1970. Progress
was very slow on this contract and numerous delays were
experienced due to unfavorable weather. The contractor's
operations were also ﬁampered by a shortage of personnel and
equipment. Mechanical failures at the mixing plant also
contributed to the slow rate of progress. At no time during
the construction period did the contractor achieve a rate of

production approaching the rated capacity of the plant.
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The record of production of asphaltic concrete is shown in Figure VII,
This table shows the plant used, the individual project where pave-
ment was laid, and the quantity of material produced for each day's
operation. The average production was 185 cubic yards per day, but
on ten days, the total production was less than 100 cubic yards. The
low rate of production and the start-and-stop operation at the plant
created problems in job control and testing. With this type of
operation, it is extremely difficult to stabilize the quality of
material produced and secure samples of material which are truly

representative.

Material Sources

The contractor submitted samples of aggregate proposed for use on this
project, as required by the specifications. These aggregates were
tested for the polish value and othervaggregate quality tests and
preliminary mix designs were made in the District‘Seventeen
Laboratory. Two sources of coarse aggregate were used for this
contract; one being a crushed limestone from Texas Crushed Stone

Plant at Feld. This material had a polish value of 32 to 33.

The second coarse aggregate used was from a source at Waco, owned by

Young Brothers. This was a crushed gravel aggregate. It was

estimated that approximately 607 of the aggregate particles were a
limestone type gravel and 407 were a siliceous gravel. This material
had a polish value of 29, which was at the lower limit of the

specification. The contractor also submitted samples of a third
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coarse aggregate which was a crushed siliceous gravel. This
material had a polish value of 24.5 and was not approved for
use. The accelerated polish test reports are shown in Appendix

XI.

After approval of aggregate sources, based upon the polish value
test, additional tests were made during the period of construction.
These tests were made as new stockpiles of aggregate were produced
to insure that the material was comparable to the sample used for

the initial approval of source.

When the plans were prepared, it was assumed that some suppliers
who usually furnish aggregates for asphaltic concrete pavement in
District Seventeen would be unable to furnish aggregates for this
project, due to the polish value test requirement. If the polish
test requirement had not been included in the plans, the plans
would have been prepared in such way to require the use of a
crushed aggregate which would have precluded the use of uncrushed
siliceous gravel which is available in the Bryan-Hearne area.
Preliminary tests indicated that this material would not meet the
polish test requirement and, therefore, no provision was made in
the plans specifically requiring a crushed aggregate. Actually,
the polish test requirement had little bearing on the sources of
aggregates used on this project as the contractor was able to

use the same sources which had been used on previous projects
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within District Seventeen where a crushed aggregate was required
but no polish value was specified. From past experience, it
appears that the materials which meet the minimum polish
requirement of 29 are questionable in relation to their polish
characteristics under traffic, and that possibly the value of 29
is too low to insure what could be termed as a non-polishing

aggregate.

Job Control Testing

This contract was under the supervision of the Brazos-Burleson
County Residency. Personnel from this office performed plant

and road inspection. They were assisted in plant inspection by
personnel from the District Seventeen Laboratory. Preliminary
designs were made by the District Laboratory. These reports are
included in Appendix XII, Job control testing was performed in
accordance with procedures outlined in the specifications. Also,
job control sieve analysis at the plant was performed in a manner
prescribed by Construction Manual C-14 to provide a correlation

between the two test methods.

During the construction period, plant control by the volumetric
specification was evaluated. It was found that the test procedures
under this specification did not materially increase the work load
for plant inspection personnel, and in fact, as inspection personnel
became familiar with the procedures, it was found that approximately

the same degree of effort was required for plant control under this
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specification as under the procedures as specified in Construction
Manual C-14. One indicétion of the amount of time and effort re-
quired was that the same number of technicians were assigned to
plant inspection as was the usual practice for projects under Manual
C-14, and the inspection force was able to run tests as specified

by the volumetric specification and also perform check tests in

accordance with Manual C-14.

As all aggregates used in this project were natural aggregates, it was
assumed that there should be a correlation between the sieve analysis
by weight and the sieve analysis by volume. However, this did not
prove to be the case. It was noted that the percentage by volume

and percentage by weight of a particular size of aggregate might vary
as much as 5%; however, further analysis of the test results indicated
that this variation should be expected as there was a difference in
specific gravities of the various sized particles in the aggregate

and that this variation was great enough to result in the apparent
discrepancy between sieve analysis by volume and by weight. The
exﬁerience in job control testing on this project indicated that the
prescribed methods of testing were sufficiently accurate to furnish

a true representation of the gradation of the aggregate based upon

volume.

The test procedures could be performed within a reasonable period of
time and technicians familiar with asphalt laboratory work had no

difficulty in performing the new test procedures.
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In connection with this project, short test sections of
pavements were constructed on FM 2818 utilizing synthetic
aggregates. This work was done in cooperation with Texas
Transportation Institute and Texas A & M University. The
information relative to these test sections is contained
in a paper by Jerry G. Rose entitled, '"Design, Construc-
tion, and Analysis of Lightweight Aggregate Hot Mix
Asphalt Test Sections on FM 2818, Brazos County, Texas",
and these sections are not included within the scope of

this report.
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CONSTRUCTION OPERATIONS AND JOB CONTROL TESTING (1970 PROJECT)

Plant Location

For this project, the contractor used a portable batching plant. The

plant was set up

projects. After

the remainder of the work.

Construction Sequence

Construction of the asphaltic concrete pavement was started on

at Hearne for the Brazos, Robertson, and Milam County

these projects, the plant was moved to Brenham for

January 18, 1971, and completed on July 2, 1971.

The contractor

maintained a good rate of daily progress throughout the period of

construction. During this period, the plant was in operation for a

total of 95 days

. The average daily production was approximately

485 cubic yards per day.

the previous pro

Material Sources

ject.

This rate was considerably higher than on

The plans provided for a level-up course of pavement to be laid in

sections prior to the finish course.

As this material would not be

subjected to traffic other than for a short period during construction,

there was no polish value requirement on the coarse aggregate.

contractor elected to use an uncrushed siliceous gravel for this

paving course.

requirement of 34, the contractor furnished a synthetic coarse

aggregate produced by Texas Industries, Clodine, Texas.

In order to comply with the minimum polish value

value for this aggregate was 59.4.
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Job Control Testing

Work on this contract was under the supervision of the Robertson
County Residency located in Hearne. Personnel from this office

performed plant and road inspection. They were assisted in plant

|

|

|

‘{ &
! inspection by personnel from the District 17 Laboratory and the
Washington County Residency. Preliminary mix designs were made by

both the District Laboratory and Residency personnel. The designs

used are included in Appendix XIII.

In performing laboratory tests for job control, some difficulty was
experienced in the sieve analysis of synthetic aggregates. The
lighter particles tended to float on the surface of the solvent. The
particles had to be forced into the solvent before an accurate read-
ing could be obtained. The laboratory technicians on the project
developed a tool consisting of a plastic disc wiﬁh approximately the
same inside diameter as the flask attached to a wooden rod. This tool
was used to forée all aggregate particles below the surface of the

| solvent. For each reading, including the initial reading of solvent

| level, the tool was inserted to a predetermined mark. This procedure

gave good results and overcame the problem of floating aggregates.

The recommended laboratory procedure developed for this project
specified that aggregate particles of the various sizes would be
successively placed in the solvent starting with the largest coarse
- aggregate. It was found that with an absorptive aggregate, better
results could be obtained by introducing the finest sizes first and

then adding the larger sized aggregates.
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SKID TESTING OF 1969 PROJECT

Test Results

Soon after the construction of the 1969 project, skid tests were
made with the Texas Highway Department skid trailer.. The tests
were repeated at intervals with the most recent test being made in
July, 1971. Coefficients of friction measured in October, 1970,
for individual test sites on each project are indicated in
Appendix XIV, Some tests were made on the synthetic aggregate

sections on FM 2818, but those were not considered in this report.

The coefficients of friction obtained by skid tests on the pavements
constructed in the 1969 overlay project are generally within the
range considered to be satisfactory. Quite a few of the sections

of roadway had friction coefficients above .60 immediately after
censtruction; however, it was also noted that there was a con-
siderable variation in coefficients of friction between sites and
between sections of pavemeﬁt constructed on different dates. A por-
tion of this variation can be attributed to changes in aggregate
sources; however, this does not fully explain the wide variation
between some sections of pavement. Based upon experience on other
projects, it was assumed that the pavements with crushed limestone
coarse aggregates would have a higher frictional coefficient than
pavements constructed with crushed gravel aggregates. This did

not prove to be true in all cases. While the highest coefficients -
were obtained on pavements with the crushed limestone coarse

aggregate, other sections where this same aggregate was used

exhibited frictional values considerably lower than expected.
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Several possible reasons for this variation in coefficients of
friction were:

(1) Aggregate gradation

(2) Asphalt content

(3) Source of asphalt

%) Type and source of coarse aggregate
(5) Type and source of fine aggregate |
(6) Weather conditions during construction
(7) Volume and character of traffic

(8) Methods of compaction

(9) Temperature of mixing and laying

Analysis of Skid Tests

A thorough analysis was made of data available to determine which
variables in materials and construction operations may have
influenced the coefficient of friction of the completed surface.
This evaluation did not reveal any single variable to which the
variation in friction factor could be attributed. No direct

relationship between friction factor and the variables

considered could be found. It is highly probable‘that the
interaction of these variables did contribute directly to the
variations in skid resistance, but insufficient data is available

to indicate the extent to which each variable affected the completed

pavement.

Skid tests made on a newly constructed pavement measure the co-

efficients of friction of the surface which consists of a matrix
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of fine aggregate and asphalt. The size and shape of the fine
aggregate particles, the thickness of the asphalt film, and the

overall texture of the surface, i.e., open graded or dense graded,

are the variables which probably affect the frictional values of a
newly constructed pavement to the greatest degree. At this stage in
the life of the pavement, the coarse aggregate does not influence the
friction values as little, if any, of the coarse aggregate is in

direct contact with the tire of the skid trailer. As the matrix of
fine aggregate and asphalt is worn away from the surface due to

traffic and weathering, and as more of the coarse aggregate is exposed,
the characteristics of the coarse aggrégate begin to affect the co-
efficients of friction. Most of the sections of roadway for which skid
tests have been made have only moderate traffic volumes and the
characteristics of the coarse aggregate particles have had only a
limited influence on the friction values obtained during the period of
testing. Curves have been plotted as shown in Appendix XVI, correlating
change in coefficient of friction and traffic applications. For most
projects, there has been a decrease in friction values since completion
of the pavement. Several projects have exhibited an early decrease in
coefficient of friction followed by either a leveling off or a slight
increase in friction values. This could possibly indicate: that the
fine aggregate and asphalt matrix is being worn away from the surface,
due to the action of traffic and weather and that the skid tests are
beginning to indicate a coefficient of friction for the coarse aggregate

particles.
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One section of pavement constructed under this contract is worthy

of particular consideration. This is the south bound lane of SH 14

in Bremond - from Station 21+70 on Project No. 9 to the end of

Project No. 9 and the entire south bound lane on Project No. 8.

This section of pavement represents a single day's production from

the plant located in Waco. The aggregates used were crushed gravel
and Needham sand from Waco. The pavement was laid on November 10,
1969. The laydown machine was traveling from north to south. A
visual inspection of this pavement indicates that the pavement laid
early in the day has a relatively open texture and that as laying
progressed, the texture became more dénsely graded so’that the
pavement laid near the end of the day has a dense surface. Skid

tests made on this section of pavement correlate with the appearance
of the pavement in that friction values of .45 were reported for the
open graded portion of the pavement and the coefficients obtained on
the more densely graded sections were an average of .35. A review

of the tests made on aggregate sampled from the plant does not indicate
a change in aggregate gradation corresponding to the change in surface
texture appearance and coefficients of friction. A review of the
project diary does not indicate any changes in construction procedures
that can be correlated with the changes in pavement texture. From

the data available, it is not possible to isolate those variables
which resulted in the variation in pavement texture on this section

of roadway. It is possible, however, that a close visual inspection
at the time of construction would have revealed indications of

factors which did contribute to the variation in surface texture.
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SKID TESTING OF THE 1970 PROJECT

Test Results

As previously noted, the pavements constructed on the 1969 project
had a considerable variation in surface texture. This was not the
case for the i970 project. The pavements produced had a very uniform
texture and little difference in pavement texture could be observed
on the various sections of the project. This was primarily due to
strict plant control. The road inspectors paid particular attention
to the texture of the pavement as it was placed. It was their intent
to produce a finished surface with a fairly open texture. If the
pavement being laid varied from the texture desired, immediate steps
were taken to change the mix proportions at the plant. These changes
were generally very minor adjustments in the cold feed to increase or
decrease the proportion of field sand in the mix. These adjustments
of the cold feed did not make a significant change in the aggregate
sieve analysis. Experience on this project indicates that visual
control of the pavement texture is extremely important and that a
trained road inspector can note changes in the mix affecting texture

that are not readily apparent from the sieve analysis.

Skid tests made with the Texas Highway Department skid trailer are
reported in Appendix XV . ©No significant variation in individual
frictioh values was noted as had been the case for the 1969 project.
The coefficients of friction on all sites tested were uniformly high.
Also, where. a series of tests have been run on the same section of

road, no change in coefficient friction has been noted.
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CONCLUSIONS

Several conclusions may be drawn from the experiences on the two

projects covered in this report.

(1)

(2)

3

4)

€))

(6)

The volumetric specification for asphaltic concrete
pavement is a workable approach to design of asphaltic
concrete pavements,

The test procedure developed for design and job

control testing of bituminous mixes by the

volumetric method is subject to refinement, but

is usable and accomplishes an adequate degree of
control with a reasonable expenditure of time

and effort.

Satisfactory bid prices can be realized on projects
utilizing the volumetric design specification if the
specification requirements are adequately explained

to prospective bidders.

The volumetric specification is a method of encouraging
the use of synthetic aggregates and makes these aggregates
economically competitive with natural aggregates.

The polish test requirement for coarse aggregate has
little, if any, effect on the coefficient of friction
of the newly completed pavement.

Although a considerable period of time and a high number
of vehicle applications are needed to evaluate whether
or not the accelerated polish test gives a true
indication of polishing characteristics of aggregates

under traffic, it does appear that the required
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)

(8)

(9)

polish test value of 34 does necessitate the use of
aggregates which have proved to be satisfactory in

the past from the standpoint of non-polishing
characteristics.

The coefficient of friction of a finished pavement is
dependent upon variables in addition to aggregate
qualities and gradation as reflected by usual test
procedures and these variables most probably involve
construction procedures.

As it appears to be extremely difficult, from available
data, to define and set limits for construction procedurés
and other factors which affect the coefficient of friction
of a completed pavement, it would probably be inadvisable
to propose an end product specification requiring the
contractor to produce a pavement with a specified co-
efficient of friction. Further studies resulting in
positive correlation between pavement skid resistance and
factors of materials, design, and construction procedures
may make an end product specification feasible at some
time in the future.

The construction of a pavement with a desirable surface
texture may require adjustments in material proportioning
and construction procedures during the construction
period. All of the needed adjustments may not be
indicated by the specified test procedures and the
project inspector must rely upon his experience and
judgment to produce the best possible end result

within the specifications.

48




(10) The pavements constructed with synthetic coarse aggregate have
a very desirable surface texture and extremely good skid resistance.

It appears that this skid resistance will be retained under traffic.
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RECOMMENDAT IONS

Based upon the projects considered in this report, the following
recommendations are made:

D) The specifications for Hot Mix Asphaltic Concrete Pavement
(Volumetric Design), Hot Mix Cold Laid Asphaltic Concrete
Pavement (Volumetric Design), and Limestone Rock Asphalt
as utilized in the 1970 District Seventeen Asphaltic
Concrete Project be considered as satisfactory for
general use and be made available throughout the
Highway Department for use by other Districts, as
desired.

(2) The accelerated polish test should be considered as a
valid test for quality of coarse aggregate and this
test requirement should be retained in specifications
for asphaltic concrete surface courses.

3) The volumetric method of measurement and payment for
asphaltic concrete pavement is an equitable method of
payment and should be adopted as general practice.

(4) Additional studies should be made to determine the
effect of construction practices and job control on
the coefficient of friction of the completed pavement.

(5) The volumetric design specifications should be
reevaluated as experience is gained with different
types of aggregates and mix designs. It is possible
that modification of mastér gradation and other
specification limits can be refined to more nearly

insure the production of the desired end result.
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(6)

D)

Some difficulty may be encountered in submerging
lightweight aggregates in the liquid as prescribed
in the Volumetric Sieve Analysis procedure. This
can be corrected by using a plunger to force the
aggregate below the liquid surface. This will not
affect the test results if the initial and final
readings are made with the plunger the same
distance below the surface of the liquid.

Paving courses requiring aggregates to meet polish
value requirements should be set up as separate
bid items from those for which there is no polish
test requirement, even if gradation and other
requirements are identical. This should more
nearly reflect the actual costs of the different

types of paving mixtures.
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APPENDIX I.

Special Specification 1961, Hot Mix Asphaltic
Concrete Pavement (Volumetric Design)



TEXAS HIGHWAY DEPARTMENT
SPECTAL SPECITICATION

HOT MIX ASPHALTIC CONCRETE PAVEMENT
(Volumetric Design)

1. Description. This item shall consist of a base course, a leveling-up
course, a surface course, or any combination of these courses, as shown on the
plans, each to be composed of a compacted mixture of mineral aggregate and
asphaltic material,

The pavement shall be constructed on the previously completed and approved
subgrade, base, existing pavement, bituminous surface, or in the case of a
bridge, on the prepared floor slab, as hercin specified and in accordance
with the details shown on the plans,

2. Materials,

(1) Mineral Agoregate. The mineral aggregate shall be composed of a
coarsc aggregpate, a fine aggregate, and if required, a mineral filler.
Samplcs of coarsc aggregate, fine aggregate, and mineral filler shall be sub-
mitted in accordance with the methods prescribed in Item 6 of the Standard
Specifications, and approval of both the material and the source of supply

must be oltaired from the Enginecer prior to delivery.

The co::bined mineral aggregate, after final processing by the mixing plant
and prior to addition of asphalt and mineral filler, shall have a sand
equivalent valuce of not less than 45, unless otherwise shown on plans, when
tested in accordance with Test Method Tex-203-F.

(a) Coarse Agpregate. The coarse aggregate shall be that part of
the aggpregate retained on a No. 10 sieve; shall consist of clean, tough,
durable fragents of stone, crushed blast furnace slag, crushed gravel, gravel,
slag agpregate (produced from burning coal), crushed limestone rock asphalt,
synthetic aggregate (herein defined as aggregate produced by fusing raw shale
or clay in a rotary kiln under intense heat into predominately amorphor silicate),
or corbinations thercof, as hereinafter specified, and of uniform quality throughout.

For all coarsc agyregate, the amount of organic matter, clay, loam, or particles
coatel therewith, or other undesirable materials shown in the plans, when tested
in accerdance with Test Method Tex-217-F (Part I, Separation of Deleterious
Material) shall rot c¢xcced 2 percent.

That poartion of the coarse aggregate composed of synthetic aggregate shall meet
the followinp requirements: The dry loose unit weight shall be at least 35 pounds
per cvbic fout, when tested in accordance with Test Method Tex-404-A. The "Aggre-
gate Freeze-Thiw Loss' shall not exceed 15 percent when tested in accordance with
Test Method Tex-432-A, Tentative. This requirement may be waived when, in the
Judguent of the Lnginecer, the asphaltic concrete will not become exposed to
freezing aud thawing. The "Pressure Slaking Value" shall not exceed 6 percent
when tested {n accordance with Test Method Tex-431-A, Tentative,

1-21 1961.000
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When it is specified that the coarse aggregate be sampled during
delivery to the plant, from the stockpile, or from the cold bins, the
material removed when tested in accordance with Test Method Tex-217-%
(Part II, Decantation) shall not exceed 2 percent.

The plasticity index of that part of the finec aggregate
containcd in the coarse aggregate passing the No, 40
sieve shall not be more than 6 when tested by Test
Method Tex-106-E. However, where the coarse aggregate
contains less than 5% of fine aggregate and the fine
aggregate 1s of the same or similar material as the
coarse aggregate, the P.I. requirement for the material
passing the No. 40 sieve may be waived by the
Enginecr in writing.

Where the fine aggregate in the coarse aggregate is the
same or similar material as the coarse aggregate and

the P.I. of the material passing the No. 40 sieve excceds
6, the Contractor may if he so elects use the material,
provided the material is processed in a manner satisfactory
to the Engineer; and when the coarse aggregate is furthor
sampled from the hot bins and tested in accordance with
Test Method Tex-217-F (Part I, Decantation), the amount
of material removed shall not exceed 1 percent. The
material removed during the processing operation will be
disposed of by the Contractor.

When it is specified that the coarse aggregate be sampled from the ot
bins and tested in accordance with Test Method Tex-217-F (Part II,
Decantation), the amount of material removed shall not exceed 1 percant.
Where thc fine aggregate in the coarse aggregate is the same or siwmilar
material as the coarse aggregate, the P.I. requirement for that part of
the fine aggregate in the coarse aggregate passing the No. 40 91cxv may
be waived by the Engineer in writing.

The point of sampling for Test Method Tex-217-F (Part I and Part 1T)
will be as shown on the plans.

Tests performed as specified herein shall represent material proccssod
or placed until a subscquent test is performed,

1961.000
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The coarse aggregate shall have an abrasion of not more than 40 percent
loss by weight, unlcsg otherwise shown on plans, when subjected to the
Los Angeles Abrasion Test, Test Method Tex-410-A, except for Type "I
(Non-skid Surface Course) and Typc "K" (DiLferenLial Wear Surface Coursc).

The coarse aggregate for Type "F'" shall have an abrasion of not more

than 35 percent loss by wedght when subjected to the Los Angeles Abrasion
Test. If gravel is used for Type "F'", it shall be so crushed that 90
percent of the particles retained on the No. 4 sieve shall have more than
one crushed face, when tested in accordance with Test Method Tex- 413“u (Particle
Count).

The coarse aggregate for Type "K" shall be composcd of two separate
materials. One shall have an abrasion of not more than 30 percent aud

the other shall have an abrasion of not less than 30 percent and not

more than 40 percent when subjected to the Los Angcles Abrasion Test.
Also, the abrasion of the two different materilals shall differ by at

least 10 percent. The aggregates shall be combined in such a manner that
the total coarse aggregate including any coarse aggregate contained in thc
finc aggregate stockpile shall be a mixture of material, 45 to 55 percent
(based on volume) of which will have a Los Angeles Abrasion loss of not
more than 30 percent, and the remainder will have a Los Angeles Abrasion
"loss of not less than 30 percent and not more than 40 percent. If gravel
is used for Type "K', it shall be so crushed that 90 percent of the par-
ticles retained on the No. 4 sieve shall have more than one crushed face.,

The requircment for the Los Angeles Abrasion Test shall be waived for slap
aggregate produced from burning coal.

Where coarse aggregates are supplied from two or more sources, aggregate
from each source shall be tested for compliance with Los Angelcs Abrasion
requirements prior to being combined with other aggregates.

(b) Fine Appregate. The fine aggregate shall be that part of
the aggregate passing the No. 10 sieve and shall consist of sand or
screenings or a combination of sand and screenings,

Sand shall be composed of durable stone particles free from injurious
foreign matter. Screenings shall be of the same or similar material as
specified for coarse aggregate., The plasticity index of that part of
the fine aggregate passing the No. 40 sieve shall be not more than 6
when tested by Test Method Tex- 106 E. Fine aggregate from each source
shall mcet the P.I. requirement.

3-21
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Where stone screcenings arc specified for use, the stone screenings shall
meet the following grading requircments, unless otherwise shown on plans:

Pabsing the 3 B eieve . .ci.oovevurmn 100% by weight
Passing the No. 200 sieve .viievoe.. 2 - 30% by weight

When authorized by the Engincer, stone screenings containing particles
lavger than 3/8" may be used, but only that portion of the material
passing the 3/8'" sieve shall be considered as fulfilling the requircmonts
for scrcenings when a minimum percentage of stone scrcenings is speciiied
for a particular mixture.

Where limestone rock asphalt scrcenings are specified for use, they nay
be pit rum.

(c) Mineral Filler. The mineral filler shall consist of
thoroughly dry stone dust, slate dust, portland cement, fly ash, or other
mineral dust approved by the Engincer. The mineral filler shall be fice
from foreign and other injurious matter.

When tested by Test Method Tex-200-F (Part I, Dry Sieve Analysis) it shall

meet .the following grading requirements, unless otherwise shown on plans:
Pasieina dNo g SO MEHEVE. (s ato-op 3o s1sl v iviohareis 95-100% by weight
Passing No. 80 sicve, not less than 75% by weight
Passing No. 200 sieve, not less than 55% by weight

(2) Asphaltic Material,

(a) Paving Mixture. Asphalt for the paving mixture shall be
of the types of o1l asphalt as determined by the Engineer and shall meoct
the requirements of the Item, "Asphalts, Oils and Emulsions'. The grade
of asphalt used shall be as designated by the Engineer after design tests
have becn made using the mineral aggregates that are to be used in tlic
project. If more than onc type of asphaltic concrete mixture is spccified
for the project, only one grade of asphalt will be required for all types
of mixtures, unless otherwise shown on plans. The Contractor shall notify
the Engincer of the source of his asphaltic material prior to production
of the asphaltic mixture and this source shall not be changed during the
course of the project except on written permission of the Enginecr.

(b) Tack Coat. The asphaltic material for tack coat shall meet
the requirements for emulsified asphalt EA-11M, cut-back asphalt RC-2, or
shall be a cut-back asphalt made by combining 50 to 70 percent by volunme
of the asphaltic material as specified for the type of paving mixturce with
30 to 50 percent by volume of gasoline and/or keroseme. If RC-2 cut-back
asphalt 1s used, 1t may upon instructions from the Engineer be diluted by
the addition of an approved grade of gasoline and/or kerosene, not to
exceed 15 percent by volume. Asphaltic materials shall meet the require-
ments of the Item, "Asphalts, 0ils and Emulsions."
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3. Paving Mixtures.

(1) Types. The paving mixtures shall consist of a uniform mixture
of coarse aggregate, fine aggregate, and asphaltic material. The grading
of each constituent of the mineral aggregate shall be such as to produce,
when properly portioned, a mixture which, when tested in accordance with
Test Method "Volumetric Sieve Analysis of Fine and Coarse Aggregate"

(Attached) will conform to the limitations for master gradine given below
for the type specified.
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Type "A" (Coarse Graded Base Course):

Type

By Absolute

R RS TS 5 .o ovcnnovansysereessiofinang  stes

PAREEnE TS B BLEVEe ..viiicveesoas otni's naioi usipn s IR
Passing 1-3/4" sieve, retained on 7/8" sieve ..... 15 to
Passing 7/8'" sicve, retained on 3/8" sieve ....... 15 to
Passing 3/8" sieve, retained on No. 4 sieve ...... 10 to
Passing No. 4 sleve, retained on No. 10 sieve .... ST e
TotalFreta tnadBon Nok "LOI STETE .. s e ook o vl R OO

Passing No. 10 sieve, retained on No. 40 sieve ... O to
Passing No. 40 sieve, retained on No. 80 sieve ... 3 to
Passing No. 80 sieve, retained on No. 200 siecve .. 210
Paandng Nes SO S1eVE (s cuccvccervesrssuninsibbubmer oW O

The asphaltic material shall form from 7 to 14 perceut
the mixture by volume. (Absolute Volume)

"B" (Fine Graded Base or Leveling-Up Course):

Pa gl I SHIER R ol oy o atd s Bysin o 6 (0,65, o wye s Sle] selode] Shedart oo

Paaelng AT SBlEvR o yvvadmeses cvs eyt ondbWis hamars R
Passing 7/8" sieve, retained on 3/8" sieve ....... 20 to
Passing 3/8" sieve, retained on No. 4 sieve ...... 10 to
Passing No. 4 sieve, retained on No. 10 sieve .... Sl
Tokal retained Ton#No L MONSIEVE . i v isls v sl ivoreiorke Heltal  DOEKO
Passing No. 10 sieve, retained on No. 40 sieve ... 0 to
Passing No. 40 sieve, retained on No. 80 sileve ... 4 to

- Passing No. 80 sieve, retalined on No. 200 sieve .. 3 to

Passing No. 200 Sieve LA R B BN R B BN B BE 2R 2N 2B B AR N BN 2N BN BN R BN 2 BN 2N % AR J o tc\

The asphaltic material shall form from 8 to 16 percent

~ the mixture by volume. (Absolute Volume)

Type

"C" (Coarse Graded Surface Course):

ST T B A s S R e A P o

Pagelnd S E WievE Cicedtdaneorerasveonifum sl Vs B LN
Passing 5/8" sieve, retained on 3/8" sieve ....... 15 to
Passing 3/8" sieve, retained on No. 4 sieve ...... 10 to
Passing No. 4 sieve, retained on No. 10 sieve .... 10 to
Totalsxretaidtied onl Noe, 10l S1eVe ¢e.esiseesretn stk oD UM
Passing No. 10 sieve, retained on No. 40 sieve ... 0 to
Passing No. 40 sieve, retained on No. 80 sieve ... 4 to
Passing No. 80 sieve, retained on No. 200 sieve .. 3 to
Baec o iNOESR OB ST EVERL HTTT0 o eTee o o 615 .o00) 5 00e (okale Tagy teRsrs 0 to

The asphaltic material shall form from 8 to 16 percent
the mixture by volume. (Absolute Volume)
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Type "D" (I'ine Graded Surface Course):

Passing Lo GRS ae ) b = b i e oo Benml e S L LS e
Pasaing 3B MRS s o n e A AR s s ¥ & 3% & 5w & Hh
Passing 3/8" sieve, retalned on No, 4 sileve .eececes
Passing No. 4 sicve, retained on No. 10 sieve ......
Totall tetalncaonBN o0 bo ey elie et tiniie Xt oietels wials o

Passing No. 10 sieve,
Passing No. 40 sieve,
Passing No. 80 sieve,
Passing No. 200 sieve

retained on No. 40 sieve
retained on No.
retained on No.

Percent by
Absolute Volume

100

95 to 100

20 sE8otei5 0

O RECR30

50 to 70

e 0 to 30

SO sHEVE . cre sl b L ORINZS
200 sieve .... - 3 to 25
0 to 6

eeseovevsvsy

The asphaltic material shall form from 9 to 19 percent of
the mixture by volume. (Absolute Volume)

Type

Passing No. 4 sieve

Passing No. 4 sieve, retained on No. 10 sieve ......
retained on No. 40 sieve

Passing No. 10 sieve,
Passing No. 40 sieve,
Passing No. 80 sieve,
Passing No. 200 sieve

e e e v vvees e

retalned on No.
retained on No.

YE" (Sheet Asphalt Surface Course):

* P VeV eEL L ETTFLIUSTIINIIOROIEEBLYOETOUVYSE

100
0 to 5)
st d B 1SSt o)
80 sieve ..... 20 to 45
200 sieve .... 12 to 32
A AT ts (el 5 5% ey el s 7 to

20

The asphaltic material shall form from 17 to 28 percent of
the mixture by volume. (Absolute Voluwmc)

Type "E" Mod. (Shcet Asphalt Surface Course):

Coarse aggregates for Type "E'" Mod. shall be crushed material or a com-
bination of slag aggregate and crushed stonc.

shown elsewhere in this specification.

Fine aggregate shall be as

The master grading for Type "E" Mod. (Sheet Asphalt Surface Course) shall
be as follows unless otherwise shown on plans:

Pz siing S/ 2 IS SIS W ISIRSES B8 Gy 52
Passing 3/8" BIB¥E. covucoweos
Passing 3/8" sieve, retained
on No. 4 sieve,....
Passing No. 4 sieve, retained
on No,

Passing No. 10 sieve, rctained

on No. 40 sieve....

Passing No. 200 sieve............

e e s 00

O S e
Total Retalned on No, 10 sieve......

When Slag Aggr.
‘ ~ 1s Used
% by Absol. Vol.

When Crushed
Material is Used
% by Absol. Vol,

100 100
95-100 95-100
15- 50 15~ 50
OIS () 10- 30
B5=S60 50- 70
R OS5 () S &0,
afoc 2=} 2- 10

The asphaltic material shall form from 12 to 22 percent of the mixture

by volume. (Absolute Volume)
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iy pe R (Nou~skid Surface Course): - Absol. Vol,

Passing 3/8" sieve ....... A <y - 100
PREBIne RN BIAY0 . cccsoorv vy duvinsvinbiinyh oo s HECTURUREERINE
Yassing 1/4" sicve, retained on No. 10 sieve ..... 55 o 9.0
Passing No. 10 sicve, retalned on No. 40 sieve ... (0" 725)
Passing No. 40 sicve, retained on No. 80 sieve ... 3 to 12
Passing No. 80 sleve, retalned on No. 200 sieve-,. 2 to 10
P asis N GSN Ol 2 U NSHIC VIR o v e o o o8 %5 s fn olls o foei Ie 1 caelSHR 0to 6

The asphaltic material shall form from 8 to 15 percent of
the mixture by volume., (Absolute Volume)

Type "K" (Differential Wear Surface Course):

o A T S Pl S s b o3 s o v v o w4y ety e S 100
Pagsihtges/ LN etralis SRS . oo ireiie selia it Rsihers 95 to 100
Passing 3/8" sieve, retained on No. 4 sieve ...... 20 to 50
Passing No. 4 sieve, retained on No. 10 sieve .... 10 to 30

ToldisEatained onMNOMRLONSIAVEe! ;s . o arsonl ot R et 50 to 70
Passing No. 10 sieve, retajned on No. 40 sieve ... OFton 30
Passing No. 40 sleve, rctained on No. 80 sieve ... ~ & to 25
Passing No. 80 sieve, rctained on No. 200 sieve .. 3 to 25
B als S N oS D) G R Wi vt vrs 1= 5 ¢ o o1 ¢, ¢ sxa 3 SRahnetaRo RIS 0 to 6

: The asphaltic material shall form from 9 to 19 percent of
- ; the mixture by volume. (Absolute Volume) )

Type "M" (Requirements as shown on Plans):

The specification requirements will be shown on the plans for
the following:

Type of aggregate

Los Angeles Wear for coarse aggregate

Master grading and range of asphalt content.

Density

Stability

Number of hot bins and gradation of aggregates in each bin.

Master gradings for the types of mixtures listed above are bascd on the
absolute volume of the aggregate particles within the varjous sicve sizes
and absolute volume of the asphalt at 77° F.

The sngineer will make laboratory mix designs from samples of materials
proposed for use bv the Contractor. IMix designs will be made following
procedures outlined in "Design of Bituminous Mixtures (Volumetric Design)"
(Attached). After an acceptable mixture meeting volumetric grading
requirements is determined, the Ensineer will furnish the Contractor with
proportions of each material to be used based on weight.

(2) Tolerances.  The Enginecr shall designate the weight of each

size of aggregate and welght of asphalt which will produce an acceptable
mixture within master volumetric grading requircments.

The paving mixture produced shall not vary from the designated grading
and asphalt content by more than the tolerances allowed herein and shall
remain within the limitations of the master grading spccified. The
respective tolerances, based on the percent by volume of the mixture,
arc listed as follows:
1961.000
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Yercent by

Absol. Vol.

Paesing 1-3/4" slceve, retained on 7/8" sieve sevevev.es plus or minng
1 T/8Y sleway wifadnccd on JEETELEVE L e oo ae. s DEYESEE SN G
: 5/8” siceve, retained on 3/8" sieve «veeeeeseo.. plus or minos
» 3/8" sicve, retained on No. 4 sieve ....evee... plus ox minus
; 1/4" sieve, retained on No, 10 sieve ..vevv.... plus or minus
s No., &4 sleve, retained on No, 10 sieve ......... plus or minug
ctalned g BoT L0 dleve (. vie v e s o ¥ e we e A
No. 10 sieve, rctained on No. 40 sieve ........ plus or minus
No. 40 sleve, retained on No. 80 sieve ........ plus or winus
sing No. 80 sieve, retalned on No, 200 sieve ....... plus or minug
; Noy 200 @30WE ol csionewsasshhbes sy s slionn Bl unt el s
Anphrlt Maborlall @ eacgiie v 5o ot v e ol THas vo 5w v pioes sif et IR &

The type and amount of the mixture used shall be as specificd on the
plane,

Shouvld the paving nixture produced vary from the designated grading and
aspha®t coutent by more than the above tolerances, proper changes are to
be 1wade it ds within these tolerances.

EL Al

(3) Extraction Test. Samples of the mixture when tested in accordance
with Test Method Tex-210-F and attached Addendum shall not vary from the
grading proportions of the aggregate and the asphalt content designated by
the Engineer by more than the respective tolerances specified above. when
limestone rock asphalt screenings are used, the extraction requirements
relative to asphalt content are waived.

Sowpling and Testing. It is the intent of thils specification to
produce a wixture which when designed and tested in accordance with these
speciiications™and methods outlined in ASTM D-2041-64T will have the
following laboratory density and stability:

Density, Percent
Min, Max. Optimum Stability, Percent

Types A, B, C, D, E, F, K 95 99 97 Not less than 30
i ] unless otherwise
shown on plans.

“Type Yk Mod, 92 98 -95 -Not less than 30
unless otherwise
shown on plans.

Stability and density tests are control tests. If the laboratory stability
and/ox dunsity of the mixture produced has a value lower than that speci-
fied, aad i5 the opinlon of the Engineer is not due to change in source or
quality of matewrials, production may proceed, and the mix shall be chenged
untii the ] boratory stability and density equals or exceeds the specified
valuzeas., Jf there is, in the opinion of the Engineecr, an apporent change
in any noterial from that used in the design mixtures, production will Le
diccontinued untdl a new design mixture is determined by trial mixes.
1961.000
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4. Yquipmont.

(1) XMixinc_ Plonis. Mixing plants that will not continuougly produce

a mixture necting all of the requilrcments of this specification will be
condemned.,

Mixing plants may be eithcer the welght-batching type or the continuous
miziing type. Both typas of plants shall be equipped with satisfactory
convayors, power units, aggregate handling equipment, hot aggregate screens

and bins and dust collectors, and shall consist of the following essential
picccs of equipment.

(a) Weight-batching Type.

Cold Agsrcpate Bin and Proportioning Device. The aggregate
bin shall have at lecast four compartments of sufficlent size to store the
anount of aggregate required to kecp the plant in continuous operation
and of proper design to prevent overflow of material of one bin to that
of another bin. The proportioning device shall be such as will provide
a uniform and continuvous flow of aggregate in the desircd proportion to

the dryer. Each aggregate shall be proportioned in a separate compartment.

Dryer. The dryer shall be of the type that continually
agitates the aggrecgate during heating and in which the temperature can be
so controlled that aggregate will not be Injured in the necessary drying
and heating operations required to obtain a mixture of the spccified .
temperature. The burner, or combination of burners, and type of fuel
used shall be such that in the process of heating the aggregate to the
desired or specified temperature, no residue from the fuel shall adhere 3
to the hecated aggregate. A recording thermometcr shall be provided which
wlll record the temperature of the aggregate when it leaves the dryer.
The dryer shall be of sufficient size to keep the plant in continuous
operation,

; Screening and Proportioning. The screening capacity and

slze of the bins shall be sufficient to screen and store the amount of
aggregate required to properly operate the plant and keep the plant in
continuous operation at full capacity. Provisions shall be made to en-
able inspcction forces to have easy and safe access to the proper location
on the mixing plant wherc representative samples may be taken from the hot
bins for testing. The aggregatce shall be separated into at lcast four bins
vhen producing Typc "A', Type "B'", and Type "C" mixtures; at least three
bins when producing Type 'D" and Type "K" mixturcs; and at least two bins
when producing Type "E'", Type "E'" Mod., and Type "F" mixtures. If mincral
filler is nceded, an additional bin shall be provided. These bins shall
contain the following sizes of aggregates which shall be based on '"Percent
by Volume" when synthetic aggregate is used and "Percent by Weight" when other
aggregates are used:

1961.000
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Type

Type

IIAH

Bin

Bin

Bin

”B”

Bin

Bin

Bin

Bin

(Coarse Graded Base Course):

No. 1

NOY W2

No. 3

No. 4

(Fine

oo !

No. 2

Neisssd

No. 4

will contaln aggregates of which 85 to 100
percent by welght will pass the No. 10 sieve.

will contain aggregates of which at least 70
percent by weight will be of such size as to
pass the 3/8-inch sieve and be retained on the
No. 10 siecve.

will contaln aggregates of which at least 75
percent by weight will be of such sizc as to
pass the 7/8-inch sieve and be retained on the
3/8-1inch sieve.

will contain aggregates of which at least 75
percent by weight will be of such size as to
pass the 2-inch sieve and be retailned on the

7/8-1inch sieve.

Graded Base or Leveling-up Course):

willl contaln aggregates of which 85 to 100
percent by weight will pass the No. 10 sieve.

wlll contain aggregates of which at least 70
percent by weight will be of such size as to
pass the 1/4" sieve and be retained on the
No. 10 sieve,

wlll contain aggregates of which at least 75
percent by weight will be of such size as to
pass the 3/8-inch sieve and be rctained on the
1/4" sieve.

will contain aggregates of which at lecast 75
percent by weight will be of such size as to
pass the 1 inch sleve and be retained on the
3/8-inch sieve.

LEmat 1961 .000
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Type

Type
Type

Type

IICH

Bin

Bin

Bin

Bin

|lD|l
”K”

Bin

Bin

Bin

HEII

Bin

Bin

(Coarse Graded Surface Course):

No. 1 ---

No, 2 ---

NOGESE=—

No. 4 ---

will contaln aggregates of which 85 to 100
percent by weight will pass the No., 10 sieve.

will contain aggregates of which at least 70
percent by weight will be of such size as to
pass the 1/4" sieve and be retained on the
No. 10 sieve.

will contain aggregates of which at least 75
percent by weight will be of such size as to

pass the 3/8" sieve and be retained on the
1/4" sieve.

will contain aggregates of which at least 75
percent by weight will be of such size as to
pass the 7/8" sicve and be retained on the

'3/8" sieve.

(Fine Graded Surface Course) and
(Differential Wear Surface Course):

No., 1 ---

No, 2 ---

No. 3 -—-

will contaln aggregates of which 85 to 100
percent by weight will pass the No. 10 sieve.

willl contaln aggregates of which at least 70
percent by weight will be of such size as to
pass the 1/4'" sieve and be retained on the
No. 10 sileve.

will contain aggregates of which at least 75
percent by weight will be of such size as to

pass the 1/2" sieve and be retained on the
1/4" sieve.

(Shecet Asphalt Surface Course):

No., 1 ---

No. 2 ---

will contain aggregates of which 85 to 100
percent by welght will pass the No., 10 sieve.

will contain aggregates of which at least 70
percent by weight will be of such size as to
pass the '1/4" sieve and be retained on the
No. 10 sieve.

12-21 1961.000
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Type "F'" (Non-skid Surface Course):

Bin No. 1 --~- willl contain aggregates of which 85 to 100
percent by weight will pass the No. 10 sieve.

Bin No. 2 --- will contain aggregates of which at least 75
percent by welght will be of such size as to
pass the 3/8" sieve and be retained on the
No. 10 sieve.

Agoregate Weight Box and Batching Scales. The aggregate
weight box and batching scales shall be of sufficient capacity to hold
and welgh a complete batch of aggregate. The weilight box and scales shall
conform to the requirements of the Item, '"Weighing and Measuring Equipment."

Aggregate Material Bucket and Scales. The asphaltic material
bucket and scales shall be of sufficient capacity to hold and weigh the
necessary asphaltic material for one batch. If the material is measured
by weight, the bucket and scales shall conform to the requiremznts of the
Item, '"Weighing and Measuring Equipment."

If a pressure type flow meter is used to measure the asphaltic materiel,
the requirements of the Item, '"Weighing and Measuring Equipment' shall

apply.

Mixer. The mixer shall be of the pug mill type and shall
have a capacity of not less than 20 cubic feetin a single batch. The
number of blades and the position of same shall be such as to gilve a
uniform and complete circulation of the batch in the mixer. The mixer
shall be equipped with an approved spray bar that will distribute the
asphaltic material quickly and uniformly throughout the mixer. Any mixer
that has a tendency to segregate the mineral aggregate or fails to secure
a thorough and uniform mixing with the asphaltic material shall not be
used., This shall be determined by mixing the standard batch for the
required time, then dumping the mixture and taking samples from i1ts
different parts. This will be tested by the extraction test and must
show that the batch is uniform throughout. All mixers shall be provided
with an automatic time lock that will lock the discharge doors of the
mixer for the required mixing period. The dump door or doors and the
shaft seals of the mixer shall be tight enough to prevent the spilling
of aggregate or mixture from the pug mill.

(b) Continuous Mixing Type.

Cold Agpregate Bin and Proportioning Device. Same as for
weight-batching type of plant.

Dryer. Same as for weight-batching type of plant.

Screening and Proportioning. Same as for weight-batching
type of plant.

1961.000

7-69
13-21



Hot Aggregate Proportionine Device. The hot aggregate
proportioning device shall be so designed that when properly operated
a uniform and continuous flow of aggregate into the mixer will be
maintaincd.

Asphaltic Material Spray Bar. The asphaltic material spray
bar shall be so designed that the asphalt will spray uniformly and con-
tinuously into the mixer.

Mixer, The mixer shall be of the pug mill continuous type
and shall have a capacity of not less than 30 C.Y. of aggregate per heur.
Any mixer that has a tendency to scgregate the aggregate or falls to secure
a thorough and uniform mixing of the aggregate with the asphaltic material
shall not be used.

Truck Scales. A set of standard platform truck scales,
conforming to the Item, "Weighing and Measuring Equipment,' shall be
placed at a location approved by the Engineer.

(2) Asphaltic Material Heating FEquipment. Asphaltic material heating
equipment shall be adequate to heat the amount of asphaltic material re-
quired to the desired temperature. Asphaltic material may be heated by
stecam coils which shall be absolutely tight. Direct fire heating of
asphaltic materials will be permitted, provided the heater used 1s man-
ufactured by a reputable concern and there is positive circulation of the
asphalt throughout the hecater. Agitation with steam or air will not be
permitted. The heating apparatus shall be equipped with a recording
thermometer with a 24-hour chart that will record the temperature of the
asphaltic material when 41t is at the highest temperature.

(3) Spreading and Finishing Machine,. The spreading and finishing
machine-shall.-be of .a type approved by the Engineer, shall be capable of
producing a surface that will meet the requirements of the typical cross
section and the surface test when required; &shall have adequate power to
propel the delivery vehicles in a satisfactory manner when the mixture is
dunmped into the finishing machine. The finishing machine shall be equipped
with a flexible spring and/or hydraulic type hitch sufficient in design and
capaclty to maintain contact between the rear wheels of the hauling equip-
ment and the pusher rollers of the finishing machine while the mixture is
being unloaded.

Any vehicle which the finishing machine cannot push or propel in such a
manner as to obtailn the desired lines and grades without resorting to hand
finishing will not be allowed to dump directly into the finishing machine.
Vehicles of the semi-trailer type are specifically prohibited from dumping
directly into the finishing machine. Vehicles dumping into the finishing
machine shall be so designed and equipped that unloading into the finishing
machine can be mechanically and/or automatically operated in such a manner
that overloading the finishing machine being used cannot occur and the
required lines and grades will be obtained without resorting to hand
finishing.
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Dumping of the asphaltic mixture in a windrow and then placing the mixture

in the finishing machine with loading equipment will be permitted provided
that the loading equipment is constructed and operated in such manner that
substantially all of the mixture deposited on the roadbed 1s picked up and
placed in the finishing machine without contamination by foreign material

of the mixture. The loading equipment will be so designed and operated

that the finishing machine being loaded will obtain the required line, grade,
and surface without resorting to hand finishing. Any operation of the
loading equipment resulting in the accumulation of material and the subsequent
shedding of this material into the asphaltic mixture will not be permitted.

(4) Forms. The use of forms will not be required except where
necessary to support the edges of the pavement during rolling. If the
pavement will stand rolling without undue movement, binder twine or small
rope may be used to align the edges.

(5) Motor Grader. The motor grader, if used, shall be a self-
propelled power motor grader; it shall be equipped with smooth tread
pneunatic tired wheels; shall have a blade length of not less than 12 feet}
shall have a wheel base of not less than 16 feetj and shall be tight and
in good operating condition and approved by the Engineer.

(6) Pneuwmatic Tire Rollers. The rollers shall be an acceptable
medium pneumatic tire roller conforming to the requirements of the Item,
"Rolling (Pneumatic Tire)", Type B unless otherwise specified on plans.

The tilre pressure of cach tire shall be adjusted as directed by the
Engineer and this pressure shall not vary by more than 5 pounds per square
inch.

(7) Two Axle Tandem Roller. This roller shall be an acceptable power
driven tandem roller weighing not less than 8 tons,

(8) Three Wheel Roller. This roller shall be an acceptable power
driven three wheel roller weighing not less than 10 tons.

(9) Three Axle Tandem Roller. This roller shall be an acceptable
power driven three axle roller weighing not less than 10 tons.

(10) Trench Roller. This roller shall be an acceptable power driven
trench roller equipped with sprinkler for keeping the wheels wet and
adjustable road wheel so that roller may be kept level during rolling.

" The drive wheel shall be not less than 20 inches wide.

The roller under working conditions shall produce 325 pounds per linear
inch of roller width and be so geared that a speed of 1.8 miles per hour
is obtained in low gear.

(11) Straightedges and Templates. When directed by the Engineer, the
Contractor shall provide acccptable 10 foot straightedges for surface
testing. Satisfactory templates shall be provided as required by the
Engineer.
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(12) All equipment shall be maintained in good repair and operating
condition aund shall be approved by the Engineer,

5. Stockpiling, Storage, Proportioning and Mixing.

(1) Stockpiling of Ascregates. Prior to stockpiling of aggregates,
the area shall be cleancd of trash, weeds and grass and be relatively
smooth. Aggregatcs shall be stockpilled in such a manner as to prevent
mixing of one aggregate with another. Coarse aggregates for Types "A",
"B and "C" shall be scparated into at least two stockplles of different
gradation, such as a large coarse aggregate, and a small coarse aggregate
stockpile and such that the grading requirements of the speclfied type
will be met when the piles are combined in the asphaltic mixture.

Coarse aggregates for Type "K' shall be separated into at least two
stockpiles of different abraslon characteristics as herein specified.
The two stockpiles may be of the sawme or similar gradation.

No coarse aggregate stockpile shall contain more than 20 percent by weight
of material that will pass a No. 10 sieve except as noted on the plans or
provided for by special provision. Fine agpgregatce stockplles may contain
small coarse aggregate In the amount of up to 30 percent by weilght; however,
the coarse aggregate shall meet the quality tests specified herein for
"Coarse Aggregates'. Suitable equipment of acceptable size shall be
furnished by the Contractor to work the stockplles and prevent secgregation
of the aggregates.

(2) Storage and Heating of Asphaltic Materials. The asphaltic
material storage shall be ample to mcet the requircments of the plant.
Asphalts shall not be heated to a temperature in excess of 400° F. All
equipment used in the storage and handling of asphaltic materilals shall
be kept in a clean condition at all times and shall be operated in such
manner that there will be no contamination with foreign matter.

(3) Feeding and Drying of Aggregate. The feeding of varilous sizes
of aggregate to the dryer shall be done through the cold aggregate bin
and proportioning device in such a manner that a uniform and constant flow
of materials in the required proportions will be maintained. The aggregate
shall be dried and heated to the temperature necessary to produce a mix-
ture having the specified temperature. In no case shall the aggregate be
introduced into the mixing unit at a temperature of more than 400° F.

(4) Proportioning. The proportioning of the various materials

entering into the asphaltic mixture shall be as directed by the Engineer

in accordance with these specifications. Aggregate shall be proportioned
by weight using the weight box and batching scales herein specified when the
welght-batch type of plant is used and by volume using the hot aggregate
proportioning device when the continuous mixer type of plant is used. The
asphaltic material shall be proportioncd by weilght or by volume based on
welght using the specifiecd equipment,

1961 .000
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(5) Mixing.

(a) D»atch Type Mixzer. In the charging of the weight box and in
the charging of the mixer from the weilght box, such methods or devices
shall be used as arc neccessary to securc a uniform asphaltic mixture. In
introducing the batch Into the mixer, all minecral aggregate shall be
introduced first; shall be mixed thoroughly for a period of 5 to 20
seconds, as dirccted, to uniformly distribute the various sizes throughout
the batch before the asphaltic material is added; the asphaltic material
shall then be added and the mixing continued for a total mixing period of
not: less than 30 seconds. This mixing period may be increased, 1f, in
the oplnion of the Engincer, the mixture is not uniform.

(b) Continuous Type Mixer. The amount of aggregate and asphaltic
materlial entering the mixer and the rate of travel through the mixer
shall be so cooxdinated that a uniform mixture of the specified grading
and asphalt content will be produced.

(e¢) The mixture produced from ecach type of mixer shall pot vary
from the specified mixture by more than the tolerances hereiln specified,

g (d) The asphaltic mixture shall be at a temperaturc between
2257 F. and 350° ¥, when dumped from the mixer. The Engincer will de-
termine the temperature, within the above limitations, and the mixture
vhen dumped from the mixer shall not vary from this selected temperature
by more than 25= B,

6. Construction Methods. The prime coat, tack coat or the asphaltic
mixture vhen placed with a spreading and finishing machine, shall not be
placed when the air temperature is below 50° F. and is falling, but it

nay be placed when the air temperaturc is above 40° F. and is rising.

The asphaltic mixture when placed with a motor grader, shall not be placed
when the air temperature is below 60° F., and is falling, but may be placed
when the air temperaturc is above 50° ¥. and is rising. The air tempera-
ture shall be taken in the shade away from artificial heat. It is further
provided that the prime coat, tack coat or asphaltic mixture shall be
placed only when the humidity, general weather conditions and temperature
and moisture condition of the base, in the opinion of the Engincer, are
sultable.

If the temperature of a load of the acphaltic mixture or any part of a
load becomes 50° F. or more less than the temperature selected by the
Engineer under Article 5.(5) of this specification after being dworped
from the mixer and prior to placing, all or any part of the load may be
rejected and payment wlll not be made for the rejected material.

(1) Prime Goat. If a prime coat Is rcquired, it shall be applied
and paid for as a separate jtem conforming to the requireménts of the
Ttem, "Prime Coat", except the air temperaturc at time of application shall be as
provided above, The tack coat or asphalt concrete shall not be applied
on a previously primed flexible base until the prdmed base has completely
cured to the satisfaction of the Engincer.
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(2) Tack Coat. Before the asphaltic mixture is laid, the surface
upon which the tack coat is to be placed shall be cleancd thoroughly to
the satisfaction of the Engineer. The surface shall be given a uniform
application of tack coat under “Asphaltic Material" of this specification.
This tack coat shall be applied, as directed by the Engincer, with an
approved sprayer at a rate of not to exceed 0.10 gallon per squarc yard
of surface. Where the mixture will adhere to the surface on which it is
to be placed without the use of a tack coat, the tack coat may be elimi-
nated by the Enginecr. All contact surfaces of curbs and structures and
all joints shall be painted with a thin uniform coat of the asphaltic
material used for the tack coat. The tack coat shall be rolled with a
pneumatic tire roller as directed by the Engincer.

(3) Transporting Asphaltic Concrete. The asphaltic mizture, pre-
pared as specified above, shall be hauled to the work in tight vehicles
previously cleaned of all forcign matcrial. The dispatching of the ve-
hicles shall be arranged so that all material delivered may be placed
and all rolling shall be completed during daylight hours. In cool weather
or for long hauls, canvas covers and insulating of the truck bodies may
be required. The inside of the truck body may be given a light coating
of oil, if necessary, to prevent mixture from adhering to the body.

(4) Placinz.

(a) Generally the asphaltic mixture shall be dumped and spread
on the approved prepared surface with the specified spreading and finishing
machine, in such manncr that when properly compacted the finished pavement
will be smooth, of uniform density and will meet the requirements of the
typical cross scctions and the surface tests, During the application of
asphaltic material, care shall be taken to prevent splattering of adjacent
pavement, curb and gutter, and structures.

(b) In placing a level-up course with the spreading and finishing
machine, the forms, binder twine or cord shall be set to line and grade
established by the Enginecr. When directed by the Engineer, level-up courses
shall be spread with the specified motor grader.

(¢) VWhen the asphaltic mixture is placed in a narrow strip along
the edge of an exlsting pavement, or used to level up small areas of an
existing pavement or placed in small irregular arcas where the use of a
finishing machine 1is not practical, the finishing machine may be eliminated
. when authorized by the Engineer, provided a satisfactory surface can be
obtained by other approved methods.

(d) Flush Structures. Adjacent to flush curbs, gutters, liners
and structures, the surface shall be finished uniformly high so that when
compacted it will be slightly above the edge of the curb and flush structure.
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(5) Compacting.

(a) As directed by the Engincer, tiv pavement shall be com-
pressed thoroughly and uniformly with the spcoified rollers.

(b) Rolling with the threc vhoel and tandem rollers shall start
longitudinally at the sides and procec::! tow:~d the center of the pavement,

overlapping on successive trips by al least nalf the width of the rear
wheels, unless otherwise directed by the Fngincer., Alternate trips of
the roller shall be slightly differcut i lenctlhi. On super-elevated

curves, rolling shall begin at the low cide ¢ud progress toward the high
side, unless otherwise directed by the !ngiuvc.:ir. Rolling with pneumatic
roller shall be done as directed by the ¥unginozr. Rolling shall be
continued until no further compresslon c:m be ebiained and all roller
marks are eliminated. One tandem rollov, one pucumatic roller, and at
least one three wheel roller, as specified shove, shall be provided for
each job., If the Contractor elects, ho m2y substitute the three axle
tandem roller for the two axle tanden: roller aad/or the three wheel roller;
but in no case shall less than threc¢ urllers bz in use on each job.
Additional rollers shall be provided I ueed»d. The motion of the roller
shall be slow enough at all timcs to ovodd displacement of the mixture.

If any displacement occurs, it shall be corrected at once by the use of
rakes and of frcsh mixture where vequiced. ‘ihe roller shall not be allowed
to stand on pavement which has net boei. fullv compacted. To prevent ad-
hesion of the surface mixture to the rcller, the wheels shall be kept
thoroughly moistened with water, but & cicess of water will not be per-
mitted. All rollers must be in good nschanical condition. Necessary
precautions shall be taken to prevent the dropping of gzasoline, oil,

grease or other foreign matter on the pevewenit, either when the rollers

are in operation or when standing.

(c) Hand Tamping. The edoes of the pavement along curbs, headers
and similar structures, and all placcs not acirssible to the roller, or in
such positions as will not allow thciocsh conwpaction with the roller, shall
be thoroughly compacted with lightly ciled teaumps.

(d) Rolling with the trenclh type vcller will be required on
widening areas in trenches and other limitcd arcas where satisfactory com-
paction cannot be obtained with the thvea wheel and tandem rollers.

; (6) Surface Tests. The surfacc of the pavement, after compression,
shall be smooth and true to the establiched line, grade and cross section
and, when tested witha 10 foot straichtedge laced parallel to the center-
line of the roadway or by other equivalcernt and acceptable methods, the max-
imum deviation shall not exceed 1/8-inch to 12 feet, except as provided
herein, and any point in the surface not meeting this requirement
shall be corrected as directed by the Engineer. When the pavement is
placed on existing surfaces, the 1/8 inch deviation in 10 feet requirement
may be waived by the Engincer.

.
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(7) Opening to Traffic. The pavement shall be opened to traffic
when directed by the Engincer. All construction traffic allowed on the
- pavement shall comply with the State Jaws governing traffic on highways.

If the surface ravels, it will be the Contractor's responsibility to
correct this condition at his expense.

7. Measurement.

‘1

(1) Asphaltic Concrete. Asphaltic concrete will be measured scparately
by the ton of 2,000 pounds of "Asphalt" and by the cubic yard of laboratory
compacted "Aggregate' of the type actually used in the completed and accepted
work in accordance with plans and spccifications for the project. The volume
of aggregate in the compacted mix shall be calculated from the measured weights
of the asphaltic concrete by the following formula:

pe=pe SN
62.4 (27)Ga

V = Cubic Yards of compacted aggregate

Total weight of asphaltic concrete in pounds
Average specific gravity of three molded spccimens
as prepared by Tecst Method Tex-206-T and determined
in accordance with Test Method Tex-207-F.

=
It

Ga

The weight "W", if mixing is done by a continuous mixer, will be determined by
truck scales. Weight, if mixing is done by a batch mixer, will be determined

by batch scales and records of the number of batches, batch designs and weight
of asphalt and aggregatc shall be kept.

For the first day's production, the average specific gravity of spccimens molded
during laboratory design of the mix shall be used in the volume computation
formula. For ecach subsequent day's production, the average specific

gravity of specimens molded from the previous day's production shall be used.

(2) Tack Coat. Tack coat will be measured at the point of epplication
on the road in gallons at the applied tempcraturc. When gasolinc and/or
kerosene is added to the cut-back asphalt for tack coat, as ordered,
measurement will be made after mixing.

8. Payment.

(1) The work performed and materials furnished as prescribed by this
item and mcasured as provided under '"Measurement', will be paid for at the
unit prices bid for "Asphalt" and "Aggregate', of the types specified,
which prices shall each be full compensation for quarrying, furnishing all
materials, freight involved; for all heating, mixing, hauling, cleaning of
the existing base course or pavement, placing asphaltic concrete mixture,
rolling and finishing; and for all manipulations, labor, tools, ecquipument
and incidentals necessary to complete the work, except tack coat and priwe
coat when required.

(2) The tack coat, measured as provided under "Measurement'" will be
paid for at the unit prico bid for "Tack Coat", which price shall be full
compensation for furnishing, preparing, hauling and placing the asphaltic
materials of the grade used; and for all manipulations, labor, tools,
equipment and incidentals necessary to complete the work.
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APPENDIX TIT.

Design of Bituminous Mixtures (Volumetric Design)



DESICN OF BITUMINOUS MIXTURES
(VOLUMETRIC DIRSIGN)

Scope

This procedure provides a means to determine the proper proportions

of approved aggregates and asphalt which, when combined, will produce

a mixture that will satisfy the specificatlion requirements. An example
of a typical design proccdure is included in this test method. All
references to volumes in this procedure are absolute volumes, i.e.

the volume of the mix is the sum of the absolute volumes of the aggre-
gates and the asphalt,

Procedure

1. Obtain and identify representative samples consisting of approxi-
mately 50 pounds of each type of material or each size aggregate proposed
for use, and dry to constant weight at a temperature of 200° to 230° F.

2. Secure laboratory size sample of each aggregate by carefully
reducing the amount of material by quartering as outlined in Test Mcthod
Tex-200~F. :

3. Detecrminc the sieve analysis as outlined in Test Method Tex-200-F
using the sieve sizes as sct forth in the specifications for the type mix
desired, awnd the bulk specific gravity of each size aggregate in accordance
with Test Methods Tex-201-F or Tex-202-F for natural aggregates. For

synthetic aggregates, determine the bulk specific gravity by the Bryant
mecthod. This test method was developed by J. S. Bryant and the procedure

is described in the thesis titled "The Determination of the Moisture
Absorption Characteristics of Lightweight Concrete Agpregates.' For
purposes of mix design and plant control, it will be assumed that the bulk
specific gravity of the portion of the synthetic aggregate passing the
80 mesh siecve is the same as that of the material retained on the 80 mesh
sieve.

4. The proper design technique requires that the aggregate proposed

for use be combined in such a manner as to approach the average or mid-
point of the allowable range set forth in the spécifications. However,
‘economy and ratio of production of the aggregaté aré factors which should -
be kept in mind in selecting the initial combination to be tested. Only
~after combinations utilizing the most economical proportions have been
determined to be unsatisfactory will other less desirable combinations be
tried.

5. After determining the required data in Step 3, assume, on the
basis of the aggregate alone, the most satisfactory combination of the
available materials which meets the requirements set forth in Step 4.
Calculate the gradation by volume of the combined aggregates following
the sample proccdure outlined under "Typical Application of Procedure."

In the event the assumed combination is at any point outside the specified
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grading limitations or, in thec opinion of the Engineer, too close to
these limits for consistent acceptable plant production, other com-
binations will be tried.

6. After thc design gradation has been sclected, the necessary
asphalt content must be determined which will enable the mixture to satisfy
the density (percent compaction), stability values specified and other
requircments of the governing specification. Unless previous experience
with thesc aggrcgates justifies the use of a smaller asphalt range, the
method for selccting the proper asphalt content is to prepare five mix- .
tures containing five different asphalt contents which cover the allowable
range of the specifications. The percentages of asphalt to be tried are
each end-point, the mid-point, and the two quarter-points of the allowable .
range shown in the specification. A trial specimen should be molded so .
that any necessary corrections can be made in the amount of material
necessary to obtain a standard specimen height of 2.0 + 0.06 inches. The
asphalt content of the trial specimen should be at the mid-point of the
specification range. After calculating the correct weight to produce the
trial specimen of standard height, the total weights for specimens con-
taining other percentages of asphalt can be closely approximated in most
instances by using the corrected weight of the trial specimen as a base
value and changing total weight of specimen to compensate for varying
asphalt contents.

7. Combine materials, mix and mold specimens 4 inches in diameter -
and 2.0 + 0.06 inches in height as described in Test Method Tex-205-F and
Tex-206-F.

8. When the quality tests include the sand equivalent value, perform
this test on the combined materials prior to the addition of asphalt as
set forth in Test Method Tex-203-F.

9. Determine the density or percent compaction of the specimen
according to Test Method Tex-207-F.

10. Determine the stabilometer value or percent stability of the
specimens as described in Test Method Tex-208-F.

11. Plot the test values obtained from the density and. stability
determinations versus the percent asphalt as illustrated in Figure 1.
From this curve the percent asphalt which will provide a mixture that will
satisfy the density and stability requirements of the specifications
can be determined. If there is not an asphalt content within the allow-
able range which will provide such a mixture, it will be necessary to
assume another combination of aggregates, or possibly, even obtain new
materials and perform a new design as outlined herein.
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TYPICAL APPLICATION OF PROCEDURE

The blending procedure described herein was prepared for the blending
of aggregates having different specific gravities. In brief, the pro-
cedure consists of a paper analysis of the grade fractions resulting
from a trial or assumed paper blend of the aggregates under considera-
tion. The trial blend ratios reflect units of volume. The procedure

. for blending aggregates is outlined as follows:

1. Examine the grade fractions reflected in the available aggregate
sources., Materials or material combinations that reflect the desired
grade fractions are selected for trial blending analyses.

2. Tabulate gradation data for the aggregates selected on an
analysis shect, Form "Aggrecgate Blending Tabulation." (Analysis sheet
- must reflect percentages passing a specified sieve size and retainecd on
the next smaller sieve size.) ;

3. Select trial blend ratios after making a careful study of grada-
tion specifications and the grade fractions available in the materials
selected for blending. (Computations are simplified by the use of a
total of 10 blend parts.)

4. Multiply the grade fraction percentages by the blend ratios
selected.

5. Total the grade fraction percentages in each colurn and divide
by the total number of blend parts.

6. Compare the gradation of the blended aggregate combination with
specifications.

7. Repeat Steps 3, 4, and 5 until a material combination is obtained
to meet specifications. Materials reflecting other grade fractions may be
included if necessary.

An example of volumetric blending by trial and error is included for a
further explanation of this procedure.

Problem: Determine the blend ratios to satisfy the special
specification for a Type '"D" mix. Volume measurements are
required for 4an accurate analysis of the specified grade fractions,
whereas weight measurements are required for accurate batching
procedures. '
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.Given: (a) Gradation specifications (limits for the Type "D" Mix).

(b) Grade fractions for one synthetic aggregate and two
natural aggregates.

(c) Specific gravities for the three aggregates are as follows:

Aggregate A (Synthetic) Specific Gravity = 1,05
Aggregate B (Limestone Chips) Specific Gravity = 2.71
Aggregate C (Fleld Sand) Specific Gravity = 2.63 .

The following three tabular sheets show an example of trial analyses and
the aggregate blending in order to satisfy gradation specifications. The
procedure outlined above was used for the solution of the problem. (Steps
2 through 6).
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The theoretical blending of 4 parts of synthetic aggregate with 1 part
of limestone chips and 1 part of field sand satisfied the gradation re-
quirements for a Type "D" Mix. The blend ratios for volume blending are
ds follows:® - : :

A - Synthetic Aggregate =  66.6%
B - Limcstone Chips = 16.7%
C - Field Sand = 16.7%

Since the aggregates for bituminous mixes are frequently batched by weight,
the ratios for weight blending are determined as follows:

A - Synthetic Aggregate = 66.6% X 62.4 X 1.05 = 43.64 Lbs.

B - Limestone Chips = 16.7% X 62.4 X 2.71 = 28.24 Lbs.

C - Field 5and = 16.7% X 62.4 X 2.63 = 27.40 Lbs.

Total 99.28 Lbs.
Then: A - Synthetic Aggregate = 43.64 -— 99,28 = 44.0%
B - Limestone Chips = 28.24 -~ 99,28 = 28.4Y%
C - Field Sand = 27.40 -+~ 99.28 = 27.6%

Typical sieve analysis of actual blends of synthetic aggregates and
natural aggregates are not suitable for field tests and control of the
specificd grade fractions. Typical gradation analyses are distorted by

the weight measurements of the grade fractions of materilals having different
specific gravities. A volumetric analvsls of the various grade fractions
must be used for a control test.

8. After a satisfactory proportioning of the aggregates has been
determined, the total mix including asphalt must be determined. The
gpecified range of asphalt content is-based on~volume—relationships:ac
the welght relationship is distorted when synthetic aggregates are used
in the mix., The combined grading as determined above must be changed to
include the volume of asphalt in the mix. The first check is made on an
assumed percentage of asphalt; the mid-range of the specifications may be
used for a trial. 7This will indicate if the aggregate gradation will
remain in the master grading as the asphalt content is waried from the
-lower to the upper limits of the specification

9. The volumes of aggregate and asphalt may be converted to weights
_for convenience ir mecasurement in making trial mixes.

In the sample above, assumc that the asphalt has a specific gravity at 77° F,
of 1.000. The combined aggregate will have a specific gravity of:

Wy 100
Average Specific Gravity: i T Sk
3 LoS x 2.71 £ 2.63

= 1.59 or 62.4 X 1.59 = 99.22 Lbs/CF

The asphalt has a unit weight of 62.4 X 1,000 = 62.4 Lbs/CF
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To make a trial mix of a given weight, the weight relationship of aggregate
and asphalt will be as shown in Table I,

10. After correcting the weights for the design mixes, combine the
materials, mix and mold the test specimens, and obtain the percent density
and stability values as described in Test Methods Tex-205-F, 206-F, 207-F,
and 208-F.

11. The following table shows the average values obtailned from the
above tests.

Percent Average Percent Average Percent

Asphalt Densilty Stability
8.0 92.0 ' 44

10.0 9819 ; 45

12.0 96.1 40

14.0 97.5 : 29

16.0 98.3 16

12. To obtain the optimum asphalt content for the design, the above
test values are plotted on a shcet of graph papcr with the specimen density
and stability on the vertical axis and pcrcent asphalt on the horizontal
axis. The density and stability curves are drawn by connecting the res-
pective plotted values (Figure 1.) Since the standard specifications
specify an optimum density of 97%, a line is drawn vertically down thlec
sheet from the point at which the density curve intersects the 977% density
line. This vertical line intersects both the stability curve and the
horizontal axis.

The optimum asphalt content, as read from the graph, is 13.3% by volum~ and
the expected laboratory stability of this mixture would be 33%. The

above proccdure has established a bituminous mixture design based on either
stockpile or cold bin aggregates. The design indicates the material should
be fed to the plant in the proportions of weight or volumec as shown in
paragraph 7.

If the materials are carefully proportioned in this manner and the screens
of the plant are properly chosen and opcrate efficiently, the resulting
combined hot bin aggregate should closcly approximate the design gradation.
_Experience has proven, however, that this ideal situation rarely exists.

In order to provide the producer with batch weights for plant production,
a complete sieve analysis of each hot bin is necessary.

The cold feed should be adjusted to fecd the proportions of aggregates
from each stockpile as determined 1n the design procedures. The gradation
of the combined aggregates from the hot bins must be checked to determine

9-12 7-69
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TABLE I

Percent of Weight of Total Batch

7% Asphalt Weight (In Lbs.) in One C.F. of Mix Total Aggregate Aggregate Aggregate

By Volume Asphalt Agpregate Total Asphalt Agoregate A B @
98I0 5.62 90.29 9500 5.86 94.14 41.42 26 374 25Ri98
iL{eL0) 6.24 89.30 95.54 67558 93.47 41.12 OS5 25.80
1150 6.86 88.31 95T gVl G2S1S 40.83 26.35 25.61
12.0 7.49 8731 94.80 7, 925 K0 40.52 256.16 ZS.Aé
180 851l 86.32 94.43 8959 91.41 40.22 25.96 225 323
14.0 8.74 85132 94.06 Sk 7S 90 578 S9IEO1 2576 25.04
1-550 9.36 84.34 93.70 9299 . 90.01 39.60 . 25.56 24,85
16.0 9.98 83881 OBk 2, 10.69 89.31 39.30 AR50 6] 24,65
L7500 10.61 (&3 515 92,96 L1900 88,10 38.76 : 25.02 24,32
18.0 L8625 81.36 925859 L2303 87.87 38.66 24,96 24,25
1910 1152 86 80.37 99023 12.86 87.14 38.34 24.75 24.05
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if the specified mix 1s belng produced. To determine trial weights of material
from each bin, the plant should be run after cold feed settings have been made
and the material collected in each bin weighed. The ratio of weight of material
in each bin to the total weight of aggregate will be used as batch weights for
the beginning of production.

After production is started, control tests must be made to insure that the
required mix is being produced. Control tests for gradation of aggregates
from the hot bins will be made in accordance with Test Method "Volumetric
Sieve Analysis of Fine and Coarse Aggregates'". If the results from this test
do not correspond with the original design, batch weights and/or cold feed

ad justments are indicated. If this does not correct aggregate gradation, it
is probable that the gradation of one or more of the stockpiles differs from
the gradation of the sample on which the original design was based. In this
case, a new design may be necessary.
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APPENDIX IIT.

Excerpt from, '"The Determination of the Moisture
Absorption Characteristics of Lightweight Concrete
Aggregates”



4. Appendix

4.1 Absorplion-Time Text (Bryant Method) (5)

. EXCERPT FROM
“THE DETERMINATION OF THE MOISTURE ABSORPTION
CHARACTERISTICS OF LIGHTWEIGHT CONCRETE
' AGGREGATES”
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BY
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A NEW METUOD OF TEST

The purposc of this research was to devise a simple,
reliable method of test that would determine values of
ahsorption, rate of absorption, and specific gravities for

both fine and coarse fractions of lightweight aggregates.

The Theory

It was nccessary to ‘devise a method of test which.

did uvot require handling of the sample or obtaining a
saturated, surface-dry condition physically in the sam-
ple, and also one which would determine the rate of
absorption.  The approach was to devise a method that
would give the saturated weight of the sample and the
surface-dry volume without actually obtaining this con-
dition at the same time.

If the sample is immersed in waler in a container
of known volume and the water is.maintained at a con-
stant level by adding water as the sample absorbs it,
then the rate of absorption can be measured by weighing
the container at specific time intervals during the test.
Then if a vate curve can be established and extrapolated
to include zero time, the total amount of absorption can
be obtained. Also, the surface-dry volume of the sample
can be obtained by subtracting the volume of water at
zero time from the volume of the container.

The Test

Scope. This rnethod of test is intended for use in
determining the hulk specific gravity, both dry and satu-
rated surface-dry, apparent specific gravity, absorption,
and rate of absorption of both the coarse and fine light-
weight concrete aggregates.  The specific gravity values
are as deflined in the Standard Definitions of Terms
Relating to Specific Gravity (ASTM Designation: E 12)
of the American Socicty for Testing Materials.

Apparatus.
lowing:

The apparatus shall consist of the fol-

(a) Balance.—A balance having a capacity of 3
kiloprams or more and a sensitivity of 0.1 eram or less.
& ) s

(b) Container—A glass Mason jar fitted with a
conical brass cap with a hole one-quarter inch in diameter
in the top, as illustrated in Fig. 4-1.

Sample.  Approximatcly 400 grams of the aggre-
gate shall be sclected by the method of quartering from
the sample to be tested.

Procedure. The procedure shall be as follows:

(a) The jar and cap shall be weighed to the nearest
0.1 gram. The jar shall then be filled completely with
distilled water and weighed to the nearest 0.1 gram and
the temperature of the water recorded. The test shall

be conducted in an environment temperature of 72 =+
re Al
SRS

{b) The sammple shall he dried in an oven at a tem.
perature of 105°C for 24 hours. It shall then be allowed
to cool to room temperature in a dessicator and the
weight determined to the nearest 0.1 gram.

(¢) After weighing, the sample shall he placed in
the Mason jar and the jar filled with distilled water.
The cap shall then be placed on the jar and water added
to fill the jar and cap completely. The jar with sample

PAGIE TWELVE
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and water shall then be weighed to the nearest 0.1 gram
and the temperature recorded.  With a little practice, this
first weighing can be accomplished two minutes after the
water is first introduced into the container. Weighings
shall then be made at intervals of 2, 4, 6, 8, 10, 20, 30,
60, 90, and 120 minutes from the beginning of the test
and each 24 hours thereafter, taking care to agitate the
sample by rolling and shaking the jar to remove any air
trapped between the particles and refilling the jar so that
a constant volume is maintained before each weighing
is made.

Calculations. The weight of total water in the con-
tainer at any time can be obtainéd by subtracting the
weight of the container and the oven-dry weight of the
sample from the total wcight of the sample, container
and water at that time. The weight of total water for
each of the time intervals shall be calculated. Then, if
the time intervals are represcnted by t, tu, t3, . . . t, and
the weights of total water corresponding to those inter-
vals are represented by wy, wa, Wi, . . . W, @ curve can
be plotted with time as the abscissa and total water as
the ordinate. This curve should be extended to a mini-
mum time of 60 scconds. The total water at zero time
shall be referred to as the free water. The curve shall
be extended to time zero to determine the amount of free
water.  For purposes of this test, free water is defined
as all water in the container which is not absorbed by

BRASS CAP

RUBBER GASKET

MASON JAR

7

"3

Fig. 4-1. Pycnometer Bottle Used in Tests,
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the sample. Assuming that the volume of the sample
remains constant, then the amount of free water is con-
stant through the test. The volumc of free water can
then be calculated by dividing the weight of frec water
by the specific gravity of water at the temperature re-
corded when the test began. The bulk volume of the
sample shall be calculated by subtracting the volume of
frec water from the volume of the container. The vol-
ume of total water at any time, t, shall be calculated by
dividing the weight of total water at time, t, by the spe-
cific gravity of water at the temperature recorded when
the test began. The apparent volume of the sample at
any time, t, can then be calculated by subtracting the
volume of total water at time, t, from the volume of the
container. The absorbed water at any time can be cal-
culated by subtracting the frec water from the total
water at that time.
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Fig. 4-3. Example Absorption-Time Curve.
Absorption.  The percent absorption shall be cal-

culated for each time interval by dividing the weight of
absorbed water at each time interval by the oven-dry
weight of the sample.  The percent ahsorption versus
time shall be plotted on rectangular coordinate graph
paper and a smooth curve drawn through these points
to establish the rate of absorption.

Bulk: Sp(.'cf/ic Gravity (Dry). The bulk specific
gravity shall be calculated by dividing the oven-dry
weight of the sample by the bulk volume of the sample.

Bulk Specific Gravity (Saturated Suwrface-Dry).
The bulk speeific gravity on a saturated, surface-dry
basis at any time, t, shall be calculated by dividing the
sum of the oven-dry weight of the sample and the weight
of absorbed water at time, t, by the bulk volume of the
sample.

TABLE 4-1. EXAMPLE DATA AND CALCULATIONS
ABSORPTION AND SPECIFIC GRAVITY
Date Time Wt. Tare Weight Weight Weight Percent
and Since Sample & Total Free Absorbed Absorption
Time Start Water Water Water Water
1660.0 16G0.0 X
3/2 8:30 2 min - 2855.9 1661.0 " 1.0 0.2
8:32 4 2856.8 1661.9 " 1.9 0.5
8:34 - 6 2857.1 1662.2 " 22 0.6
8:36 8 2857.8 1662.9 " 2.9 0.7
8:38 10 2858.0 1663.1 " 3.1 0.8
8:48 20 - 2859.2 1664.3 " 4.3 1.1
8:58 30 2860.1 1665.2 " 5.2 1.3
9:28 60 2861.3 1666.4 " 6.4 1.6
9:58 90 2863.5 1668.6 " 8.6 el
10:28 120 2864.1 1669.2 " 9.2 2.3
3/3 15:00 1110 29102l 1677.2 " 192 4.3
3/4 8:15 2 days 2876.8 1681.9 " 21.9 5.5
3/5 8:17 5! 2878.8 1683.9 " 23.9 6.0
3/8 9:00 6 2882.0 1687.1 " 27.9 6.8
3/11 9:07 9 2884.5 1689.6 " 29.6 74
3/12 8:10 10 2884.8 1689.9 " 29.9 5
3/15 8:40 13 2887.0 1692.1 " 32.1 8.0
3/18 8:26 16 2888.1 1693.2 " 33.2 8.3
3/21 8:30 19 2891.0 1696.1 " 36.1 9.0
3/23 8:12 21 2888.8 1693.9 " 33.9 8.5
3/28 9:17 26 2893.8 1698.9 " 38.9 9.7
3/31 9:00 29 2894.9 1700.0 " 40.0 10.0
4/4 8:05 33 '2898.0 1703.1 " 43.1 10.8
4/13 8:20 42 2898.5 1703.6 " 43.6 10.9
4/14 9:00 43 2900.0 1705.1 " 45.1 11.3

3=5
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TABLE 4-2. TYPICAL DATA SHEET
DATA SHEET

Absorption and Specific Gravity

Project 1081 Aggregate RCA #2 Date _ 3/2/66

Performed by

(a) Tare Wt. o Wt, of Bottle and Water 2723. 8
Weight of Water  2723.8 = 795.1 = 1928.7
,_Terhp. of Water __249C  Volume of Bottle 1928.7 =1933.9

] 0.7793
(b) Wt. of bottle & dry sample __1194.9 Wt. Dry Sample _1194.9- 795.1=

399.8
(c) Wt. of free water.___1660.0 Vol. of Free Water _,%6%%}_%._ = 1664.5
Bulk Volume of Sample 1933.9- __ 1664.5 = 269.4
| ' yapa g L
Wt. Total Water @ _ 3 days 1683.9 Vol. Total Watera—gg—ié—-- =1688.4
Apparent Vol. Sample 1933.9 - 1688.4 = 245, 57 °
Saturated Wt., Sample 399.8 + 23O = 423.7
Absorption (Percent) edad = 6.0%
399.8 ¢
Bulk Specific Gravity (Dry) e D 1.48
ecific Grav r = |
. Rles T o 269.4
i : 423.7 -
Bulk Specific Gravity (SSD) 269 4 — = k57
Apparent Specific Gravit 399.8 - = ¥,.63
2 3 z 245.5
MAggregate Absorption Factor 4,2 -2,1=2.1 i

PAGE FOURTEEN
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mental Aggregate Properties with Freeze-Thaw Dura-
bility of Structural Lightweight Concrete,” Rescarch
Report 81-1, Texas Transportation Institute, Texas
A&M University, August, 1965.

Kanabar, C. N. and Ledhetter, W, B., “Effects of
Degree of Synthetic Lightweight Aggregate Pre-Wet.
ting on the Freeze-Thaw Durability of Lightweight

Concrete,” Rescarch Report 81-2, Texas Transporta-
tion Institute, Texas A&M University, December 1966.

Gallaway, Bolh M. and Iarper, William J., “A Lab-
oratory and Ficld Investigation of Lightweight Ag- -
gregates as Coverstone for Seal Coats and Surface
Treatments,” Rescarch Report 51-2, Texas Transpor-

tation Instilute, Texas A&M University, April, 1966.
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Fig. 4-4. Example Absorption-Time Curve,

4. Standard Si)cm'/z'(:ations for Road and DBridge Con-
struction, adopted by the State Highway Department
of Texas, Ttem 302, pp. 207, January 2, 1962.

Apparent Specific Gravity. The apparent specific
gravity at any time, t, shall be calculated by dividing
the oven dry weight of the sample by the apparent vol-
ume at that time. ' 5. Bryant, J. S., “The Dctermination of the Moisture
Absorption Claracteristics of Lightweight Conerete
4.2 Concrete Mix Design Dala Aggregates,” M. S. Thesis, Texas A&M University,

' 59.
The mix design data for concrete mixes employed sl
in this study are given in Table 4-3. 6. Ledbetter, W. B., Hirsch, T. J., and Ivey, Don L.,
“Selected  Durability  Studies of Structural Light.
weight  Concrete,” Rescarch Report 35-2, Texas
Transportation Institute, Texas A&M University, De-

cember, 1964 (Revised April, 1966).

4.3 References

1. Ledbetter, W. B., “Corrclation Studies of IFunda-

TARBILX 4-3. CONCRETE MIX DESIGN DATA

Coarse Concrete

Aggregate Batch Cement PERCENT ARBSOLU'TE VOLUMI Slump Initial

Designator Code Factor - (in) Unit

and Lot No. No. (sks/cy) Cement Water FA CA Air Wt (pef)
R1 5R 5.0 8.7 204 34.7 g3:1 2.5 3% 118.8
R1 3FTR 4.6 8.2 20.9 34.9 31.7 4.3 4 114.4
R1 4FTR 4.9 8.7 19.0 33.1 33.8 54 3 113.2
R2 5I'TR 4.9 8.7 18.7 33.0 33.6 6.0 3% 115.1
C1 5C 4.7 8.4 22.8 35.1 SHrPe 2.0 4% 115.7
C1 3I'TC 4.7 8.3 21.0 34.3 32.1 4.3 32 LIT6
C1 4FTC 4.7 8.4 20.2 34.4 322 4.8 4 115.2
E1l 514 4.6 8.2 Vsl b 36.8 31.8 2.1 3% 118.0
E4 5E2 4.7 83 - 20.2 3.2 323 2.0 4% 128.0
4 513 4.9 8.7 22.0 Sl 985 2.1 3 118.2
E4 3F'I'E 4.7 8.3 17.6 36.0 32.2 5.9 4% B i25:2
E4 4FTE 4.7 8.3 1y 37.4 DI 5.0 3 120.8
EG 5FTE 4.6 8.2 16.6 37.1 S22 6.0 3% B
S1 5S 4.9 8.6 23.6 32.7 2342 1.9 4% 126.8
S1 3FTS 4.9 8.7 2047 31.7 33.6 5.3 3 116.8
S1 4FTS 4.9 8.7 21.0 324 33.6 4.3 3Ys 118.0
S3 5FTS 5.0 8.8 20.3 32.6 33.8 4.5 3% 118.2
D1 5D 4.9 S 22.9 35.5 30.9 2.0 474 118.4
D1 3FTD 5.0 9.0 18.9 354 31.9 4.8 3% 113.6
D1 4¥'TD 4.9 8.7 19.2 36.2 Biled! 4.8 334 115.2
D2 SFTD 5.0 8.9 17.8 36.7 31:6 5.0 3% J16.1
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APPENDIX IV.

Test Method Volumetric Analysis of Fine and
Coarse Aggregates



TEST METHOD

VOLUMETRIC SIEVE ANALYSIS OF
FINE AND COARSE AGGREGATES

Scope:

This test method covers a proccdure for the determination of the
particle size distribution by volume of fine and coarse aggregate samples,
using sieves with square opentngs. The method is also applicable for use

to obtain the sieve analysis of aggregate recovered from bituminous mix-
tures obtained from plant or roadway.

Apparatus:

1. Sample splitter, quartering cloth, shoveling method on clean
surface or quartering machine. :

2. Set of Standard U. S. Sieves - woven wire with square openings
(A.S.T.M. Designation: E-11).

3. Mechanical Sieve Shaker.
4. Drying oven capable of attaining a tempcrature of 200°F. or more.

5. Graduate - a glass cylinder with a capacity of 5,000 ml graduated
in increments of 5 ml or less.

6. A wide-mouth funnel for transferring aggregates to graduate.

7. Solvent, Benzol, Trichloroethane.

8. Round pans with diameter to fit sieves.

9. Scoop, brass wire brush and hair brush.
Preparation of Sample:

1, Select a representative portion of processed aggregate for test.

2. Place the aggfegate in oven and dry to constant weight at a tem—‘
perature of 140° to 300° F. When drying limestone rock asphalt samples prior
to screening, care must be taken to adjust oven temperature so that native

bitumen 1is not fluxed from aggregate. Remove sample from oven and allow to
cool to room temperature.

7-69
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3. To quarter the material, use either the sample splitter, the
quartering cloth, quartering machine, or the method of manipulating the
aggregate with a large flat scoop or shovel, blending it back and forth
on a smooth clean surface until blended and then quartering mechanically.
with some straight-edge, thus reducing the dry aggregate sample to labora-
tory testing size. It is permissible for the fine material (major portion
passing No. 10 sieve) to thoroughly blend the material and take small
portions from several places covering the entire area of the pan to make
up the test sample. See Tex-221-F, Table 1 for size of sample.

Procedure:

1. Place the set of sieves, with the largest opening on top, into
a pan and pour the aggregate onto the top sleve. Perform a sieve analysis
on the aggregate sample by separating the material into a series of particle
sizes using such sieves as are necessary to determine compliance with the
specifications for the material. The hand sieve operation is done by means
of a lateral and vertical motion of the sieves, accompanied by a jarring
action so as to keep the material moving continuously over the surface of
the sieves. In any case, do not turn or manipulate particles through the
openings of the sieves by hand. Continue hand sieving until, by visual
observation, no material continues to pass through the sieves in use. Vhen
mechanical sieving is used, shaking time should be established that will assure
proper sieving of the material without degradation. Chkeck the thoroughness of thc
sieving by the above described method.

2. Fill the graduate with solvent to a level to cover the entire
sample of aggregate.  Make an-initial reading of the liquid.level .and record
on work sheet. Place the aggregate retained on each sieve size into the
graduate, starting with the.largest size. After each size of aggregate is
placed in the graduate, make a reading of the liquid level and record on
the work sheet. For highly absorptive aggregates, each successive size of
aggregates should be added at intervals of approximately 30 seeconds and
the liquid level reading taken approximately 15 seconds after each addition
of aggregate. The same timing should be used on each test so that results
will be comparable.

Care should be taken to eliminate entrapped air in the graduate, particularly
after the fine aggregate 1s added. This can be done by gently rolling the
graduate or stirring the aggregate prior to taking a readiung of liquid level.
After each test is completed, the solvent may be decanted or filtered and
saved for reuse.

By subtracting the liquid reading prior to the addition of each size of
aggregate from the liquid reading after the addition of aggregate, the volume
of each size of aggregate may be determined. This information is to be
entered in Column 3 of the work sheet. The difference in initial and £final
readings will be the total volume of the aggregate. Divide each volume of
aggregate by total aggregate volume to determine percent retaincd on each

2-4
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sieve and enter in Column 4. This percent will be an expression of
each size as a portion of the total aggregate. This is to be corrected
to express the portion of cach aggrecgate size as a portion of the total
mix including asphalt. The design percent of asphalt (by volume) is
subtracted from 1007 to give the percent of the mix made up by the
aggregate. This percent is to be multiplied by each aggregate fraction
in Column 4 to give the percent of each size aggregate in the total mix.
These values are to be entered in Column 5.

The gradation shown in Column 5 is the gradation to be entered on Form 404,
Revised April 1969. This gradation is to be compared with design gradation
and master gradation for compliance with the specifications.

3-4
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VOLUME

Date S5-5-49

Time 7.°/&

Type

Spec. Iiem

% Of Aggregaic In Toial Mix

TRIC SIEVE ANALYSIS

NORK SHEET

Sample No. 3____ Design No. Lz
" Station No. /578 400
Project | £ /23 -<4-5

90.0

(100% — % Asphalt)

Initial Reading Of Liquid Level _ 7500 ml.
| 2 3 4 5
rovegoe Site | ALt | M | Rk |
of Aggregate ml. % of Total % of Total
= = e /L Agyregale - Mir. e
+ 75 /500 o T B sy =N T
2% - 35 /635 /35 2.5 £
3 -+ 259G /SO 387 3«
AL -70 3545 T75O -5 4
+ /0O 3545 20<%5 LEER &
O ~ZO 3585 3L0 /) L) /O
O -80 Z/60 &5 =1 )
s8o-Zoo | 243465 |7 205 .3 &
— 200 ALS500 /35 o A
Total 3000
4-4

7-69




APPENDIX V.

Addendum to Test Method Tex-210-F



ADDENDUM TO
TEST METHOD TEX-210-F

DETERMINATION OF ASPHALT CONTENT
OTF BITUMINOUS MIXTURES
BY EXIRACTION

Scope: This addendum gives a method of converting asphalt content
determined by Test Method Tex-210-F and expressed as a percentage by
weight to a percentage expressed by volume as required by the volumetric
design specifications.

Procedure:
1. Complete Test Method Tex-210-F.

2. Perform Test Method '"Volumetric Sieve Analysis of Fine and
Coarse Aggregates' on samples taken from the hot bins at the same time
a sample 1is taken for the extraction test,

3. Weigh the dry aggregate sample tcsted in Step 2.

4. By the ratio of asphalt to aggregate weight determined in Step 1,
calculate the weight of asphalt required to give the same ratio for the
aggregate sample in Step 2.

5. Convert this weight of asphalt to an equivalent volume at 77° F.

6. Add volume of aggregate in Step 2 to asphalt volume in Step 5
to obtain total volume of mix. Determine percentage of asphalt content
by dividing asphalt volume by volume of total mix.

7-69
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APPENDIX VT.

Special Provision to Item 6, Control of Materials



TEXAS HIGHWAY DEPARTMENT
SPECIAL PROVISION
TO
ITEM 6
CONTROL OF MATERIALS
For this project, Item 6, "Control of Materials", of the Standard Specifications
is hereby supplemented with respect to the clauses cited below and no other clauses

or requirements of this item are waived or changed hereby.

Article 6.1 Sources of Supply and Quality of Materials is supplemented by the
addition of the following requirements:

Coarse aggregate furnished for use in Hot Mix Asphaltic Concrete Pavement shall
have a "Polish Value" of not less than 29 when subjected to tests as specified in
"Accelerated Polish Test Method for Coarse Aggregate Used in Pavement Surfaces"
(attached). This is a quality test for approval of the source and not a job control
test.

1=1 006---006
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ACCELERATED POLISH TEST METHOD FOR COARSE
AGGRELGATE USED IN PAVEMENT SURFACES

[ 1)

This test method describes procedures for determining a
relative measure of the extent to which different types of
aggregate in the wearing surface will polish under traffic.

Definitions:

The "Polish Value" is defined as the state of polish reached
by each sample when subjected to accelerated polish by means of a
special machine. fThe test is in two parts:

(1) samples of stone are subjected to an accelerated
polishing action in a special machine.

(2) The state of polish reached by each sample is
- measured by a British Portable Tester and expressed
as the "Polish Vvalue".

Apparatus:

1. Accelerated Polishing Machine:
An accelerated polishing machine shall be mounted on a

firm level and non-resiliant base of stone or concrete and shall in-
clude: ' '

A. A wheel (referred to as the road wheel) having a flat
periphery and.of such size and shape as to permit 14
spceimens described below to be clamped on the periph-
ery so as to form a continuous surface of stone
particles, 1 3/4 inches wide and 16 inches in diameter.

B. A means of rotating the road wheel about its own axis
at a speed of 315 to 325 revolutions per minute.

C. A means of bringing the surface of a rubber tired wheel
of 8 inch diameter and 2 inch width to bear on the stone
surface of the road wheel with a total load of 88 + one
pound. Tre tire shall be an industrial 8 x 2 pneumatic
4 ply smooth hand truck tire, treated, if necessary, to
obtain a true running surface. The tire shall be in-
flated to a pressure of 45 plus or minus 2 poﬁnds per
7-69
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squarce inch and shall be frec to rotate about its
own axis, which shall be parallel to the axis of
the road wheel. The plane of rotation of the tire
shall be in line with that of the road wheel. Be-
fore a necw tire is used on a test, it shall be
given a preliminary run of 6 hours with a 150 grit
silicon carbide using dumny specimens on the road
wheel.

D. A means to feed the 150 grit silicon. carbide at the
rates shown in "Accelerated Polish Test Procedure"
and in such a way that the silicon carbide grit is
continuously and uniformly spread over the surface of
the tire and the specimens where they are in contact. .
The grit shall be fed directly onto the road wheel
near the point of contact with the rubber tired wheel.

E. A means to feed the water at the rate shown in
"Accelerated Polish Test Procedure" in such a way that
the water is continuously and uniformly spread over the
surface of the road wheel near the p01nt of contact
with the rubber tired wheel.

2. Metal Molds: A

nunber of accurately machine metal molds for preparing specimens of
the dimensions specified in No. 4 - "Preparation of Test Specimen".

3 ABracash Po:"able Testexr:
Tne British Portable Tester used shall conform to ASTM
DeSLanglon E 303-66T with the following modifications:

A. The slider contact path shall be 3"+ 1/16 inch. -

B. fThe slider width shall be 1 1/2 inches.

~

s The rubber which is bonded to the slider shall conform
toal/4d byl by l 1l/2 inch dimension.

D. fThe rubber shall meet the requirements as specified in
ASTM Specification E 249, for Standard Tire for Pavement
Tests. ' -

2=5
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E. fThe zero adjustment shall be checked before testing the
fourtcen specimens and after testing the specimens and
as often as the operator deems necessary.

F. Calibration procedures of ASTM E 303~-66T shall be used,
however, after calibration the small slider shall be
inserted. '

4. A supply of disposable cups and stirring rods for use in molding
the spacimens. ' ;

Materials:

1. Water: A supply of tap water to be spread on the road wheel
during testing.

Sand: A supply of fine sand for sifting.in the aggregate
es r to the placement of the polyester bonding agent.

ent: .A supply of polyester mold release agent
d between the mold and polyester.

4. Silicon Carbide Grit: A supply of silicon carbide grit (150 grit
size) to be used as the polishing agent.

5. Polyester Bonding Agent: A supply of polyester resin and catalyist.

6. Coarse Aggregate: Approximately a one-half cubic-foot supply of
coarse aggregate to be tested. The aggregate shall be normal plant
run and laboratory crushed material shall be tested.

2t Recoxrd Forms: Record test data on an appropriate work sheet.

st Control: 7Four specially selected spacimens shalli be used for

rol and only these four spacimens shall be used. The specimens

1 ke selected from those which have been previously polished for
ours conforming to the procedure herein established. The friction
value (as determinced from the British Portable Tester) of the specimens
shzll bz in the following ranges: '

Contreol Specimen #1 - 10-20 Control Specimen 33 -~ 30-4
Contrxol Specimen #2 - 20-30 Control Spacimen #4 = 40-55

7-69
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¢ control specimens shall be tested with the British Portable
ster prior to measuring the "polish value" of the test specimens.

rections to the polish value will be made on the basis of change
in friction values found with the control specimens.

Preparatcion of Test Specimens:

8L - he aggregate to be tested should pass the 1/2 inch sieve
and be retained on the #4 sieve.

2. Aggregate shall be clean and free of dust.

3. The mold shall be coated with an.application(s) of mold
release agent.

4, Each spacimen shall consist of a single layer of particles
and cover an area of 3.5" x 1.75".

5. The aggregate particles shall be placed as closely as
possible in the molds with a flat surface against the
bottom of the mold.

The interstices bestween the stones shall be filled with
fine sand to 1/4 to 1/2 of the agoregaLe depth.

7. Weildgh thé& polyester resin and catalyst into a disposable
cup, zdd the resin to the catalyst and mix thoroughly.
A mixture of 0.5 to 0.75 grams of catalyst to 50 to 57
grams of volyester resin yields sufficient material for
one specimen and remains workable for 10 minutes.

€. The prepared mold isythen filled to overflowing with- the
polyester bonding agent.

9. The consistency of the polyester should be such as to
allow it to flow freely between the particles.

10. 7The mold is then left until the polyesier has stiffened
sufficiently to be struck off accurately, level with the

curved sides of the mold.
1. Thne enecimen is then left in the mold for 3-4 hours to
allow sufficicnt hardening of the polyester in order
te cei

&
tnat the s

PS

o

men may be removed from the mold.
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The oxcess sand is removed from the face of the szceimen.

Tho spacimen is then replaced in the mold for a cu’lna

i 4 hours with a weight (conforming to the creved
sides) on the mold to insure proper curvature of the
specimen upon removal. -

- -

e

Deteraine the friction value of the control specimerns
for corzection purposes as explained in the "Test
Control® paragrapi. ]

iginal friction number oi the prepared
5 a s plained in ASTM Designation E 303-667
modified by paragraph 3 "Apparatus”.

Theel using rubber O -rings near the edges oi

e =
the specimens. -

Tourteen spacimens shall be clamped around the perighery
= \ g

The outer surface of the spacimens shall then form a
continuous strio of particles upon which the pneumatic-
tired wheel shall ride freely without bum pin or slipping.

el shall then be broucht to a speed of 320 + 5
c—-tired wheel shall be brought

th
o
O‘,
o -
O
H)P

20 Sg&r on the suU the specimen with a total load
g=Ngai ==L pound.
XNo. 130 silicon cazxbide ‘grit shall be c01t1nuo“s;j fed at

c

at constant rate of 16 + 4 grams per minute for a testing
ime of nine hours. Water shall be fed at a rate of 75 &%
m.l. per minute.

Tre soecimons are theéen removed from the road wheel and
X ¥ 2] -

riction value of the control specimens for
s a lained in .the ‘“"Test Control"”

vazaecragh.

~Zter cleening, the specimens shall be tested on the

Briticsh Porzable fTester to Ceteymine the "polish value",
3 i

£ O

& 2 ol
zincd in ASTY. Designation E303-66T and modifie
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APPENDIX VIT.

Important Notice to Contractors - Accelerated Polish
Test Method for Coarse Aggregate Used in Pavement
Surfaces



TEXAS HIGHWAY DEPARTMENT
SPECIAL PROVISION
IMPORTANT NOTICE TO CONTRACTORS

ACCELERATED POLISH TEST METHOD FOR COARSE
AGGREGATE USED IN PAVEMENT SURFACES

Scope:

This test method describes procedures for determining a relative measure of
the extent to which different types of aggregate in the wearing surface will polish
under traffic.

Definitions:

The "Polish Value" is defined as the state of polish reached by each sample
when subjected to accelerated polish by means of a special machine. The test is in
two parts:

(1) Samples of stone are subjected to an accelerated polishing action in
a special machine.

(2) The state of polish reached by each sample is measured by a British
Portable Tester and expressed as the '"Polish Value'.

Apparatus:

15 Accelerated Polishing Machine:
An accelerated polishing machine shall be mounted on a firm level and
non-resilient base of stone or concrete and shall include:

A. A wheel (referred to as the road wheel) having a flat periphery and
being of such size and shape as to permit 14 specimens described below
to be clamped on the periphery so as to form a continuous surface of
stone particles, 1 3/4 inches wide and 16 inches in diameter.

B. A means of rotating the road wheel about its own axis at a speed of 315
to 325 revolutions per minute.

G A means of bringing the surface of a rubber-tired wheel of 8-inch dia-
meter and 2-inch width to bear on the stone surface of the road wheel
with a total load of 88 + one pound. The tire shall be an industrial
8 x 2 pneumatic 4-ply smooth hand truck tire, treated, if necessary, to
obtain a true running surface. The tire shall be inflated to a pressure
of 45 plus or minus 2 pounds per square inch and shall be free to rotate
about its own axis, which shall be parallel to the axis of the road
wheel. The plane of rotation of the tire shall be in line with that of
the road wheel. Before a new tire is used on a test, it shall be given
a preliminary run of 6 hours with a 150-grit silicon carbide using
dummy specimens on the road wheel.

D. A means to feed the 150-grit silicon carbide at the rates shown in
"Accelerated Polish Test Procedure" and in such a way that the silicon-
carbide grit is continuously and uniformly spread over the surface of
the tire and the specimens where they are in contact. The grit shall
be fed directly onto the road wheel near the point .of contact with the
rubber-tired wheel.

1-4 000--5493
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E. A means to feed the water at the rate shown in "Accelerated Polish Test
Procedure" in such a way that the water is continuously and uniformly
spread over the surface of the road wheel near the point of contact
with the rubber-tired wheel.

2, Metal Molds:

A number of accurately-machined metal molds for preparing specimens of the dimen-
sions specified in No. 4 - '"Preparation of Test Specimen'.

3 British Portable Tester:

The British Portable Tester used shall conform to ASTM Disignation
E 303-66T with the following modifications:

A. The slider contact path shall be 3" + 1/16 inch.
B. The slider width shall be 1 1/4 inches.

C. The rubber which is bonded to the slider shall conform to a 1/4 by 1
by 1 1/4 inch dimension.

D. The rubber shall meet the requirements as specified in ASTM Specifica=-
tion E 249, for Standard Tire for Pavement Tests.

E. The zero adjustment shall be checked before testing the fourteen
specimens and after testing the specimens and as often as the operator
deems necessary.

F. Calibration procedures of ASTM E 303-66T shall be used, however, after
calibration the small slider shall be inserted.

4, A supply of disposable cups and stirring rods for use in molding the speci-
mens.

Materials:

1 Water: A supply of tap water to be spread on the road wheel during testing.
25 Fine Sand: A supply of fine sand for sifting in the aggregate interstices

prior to the placement of the polyester bonding agent.

3. Mold-Release Agent: A supply of polyester mold-release agent used to pre-
prevent bond between the mold and polyester.

4, Silicon-Carbide Grit: A supply of silicon-carbide grit (150-grit size) to
be used as the polishing agent.

o3 Polyester Bonding Agent: A supply of polyester resin and catalyst.

GY Coarse Aggregate: Approximately a one-half cubic-foot supply of coarse
aggregate to be tested. The aggregate shall be normal plant-run and laboratory
crushed material shall be tested.

Test Record Forms: Record test data on an appropriate work sheet.

Test Control: Four specially-selected specimens shall be used for control and
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only these four specimens shall be used. The specimens shall be selected from
those which have been previously polished for 10 hours conforming to the procedure
herein established. The friction value (as determined from the British Portable
Tester) of the specimens shall be in the following ranges:

Control Specimen #1 -10-20 Control Specimen #3 - 30-40
Control Specimen #2 =-20-30 Control Specimen #4 - 40-55

The control specimens shall be tested with the British Portable Tester prior
to measuring the ''polish value" of the test specimens. Corrections to the polish
value will be made on the basis of change in friction values faind with the control
specimens.

Preparation of Test Specimens:

112 The aggregate to be tested should pass the 3/8-inch sieve and be retained
on the #4 sieve.

245 Aggregate shall be clean and free of dust.
Z0 The mold shall be coated with an application(s) of mold-release agent.
4, Each specimen shall consist of a single layer of particles and cover an

area of 3.5" x 1.75".

5 The aggregate particles shall be placed as closely as possible in the
molds with a flat surface against the bottom of the mold.

6. The interstices between the stones shall be filled with fine sand from
1/4 to 1/2 of the aggregate depth.

T Weigh the polyester resin and catalyst into a disposable cup, add the
resin to the catalyst and mix thoroughly. A mixture of 0.5 to 0.75
gram of catalyst to 50 to 57 grams of polyester resin yields sufficient
material for one specimen and remains workable for 10 minutes.

8. The prepared mold is then filled to overflowing with the polyester
bonding agent.

9l The consistency of the polyester should be such as to allow it to flow
freely between the particles.

10. The mold is then left until the polyester has stiffened sufficiently to
be struck off accurately, level with the curved sides of the mold.

11, The specimen is then left in the mold for 3-4 hours to allow sufficient
hardening of the polyester in order that the specimen may be removed from
the mold.

1.2, The excess sand is removed from the face of the specimen.

13. The specimen is then replaced in the mold for a curving period of 4

hours with a weight (conforming to the curved sides) on the mold to
insure proper curvature of the specimen upon removal.

Accelerated-Polish-Test Procedure:

3-4 000--5493
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Determine the friction value of the control specimens for correction purposes
as explained in the "Test Control'" paragraph.

Determine the original friction number of the prepared test specimens as ex-
plained in ASTM Designation E 303-66T and modified by paragraph 3 "Apparatus".

Fourteen specimens shall be clamped around the periphery of the road wheel
using rubber O-rings near the edges of the specimens.

The outer surface of the specimens shall then form a continuous strip of
particles upon which the pneumatic-tired wheel shall ride freely without
bumping or slipping.

The road wheel shall then be brought to a speed of 320 + 5 rev/min, and the
pneumatic-tired wheel shall be brought to bear on the surface of the speci-
men with a total load of 88 + 1 pound.

No. 150 silicon-carbide grit shall be continuously fed at constant rate of
16 + 4 grams per minute for a testing time of nine hours. Water shall be
fed at a rate of 75 + m. 1. per minute.

The specimens are then removed from the road wheel and washed thoroughly to
remove grit.

Determine the friction value of the control specimens for correction pur-
poses as explained in the "Test Control" paragraph.

After cleaning, the specimens shall be tested on the British Portable Tester
to determine the '"polish value', as explained in ASTM Designation E303-66T
and modified by paragraph 3 - "Apparatus".
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For
the
low
by.

TEXAS HIGHWAY DEPARTMENT
SPECIAL PROVISION
TO
ITEM 330

COLD MIX LIMESTONE ROCK ASPHALT PAVEMENT
(Class A)

this Project, Item 330, "Cold Mix Limestone Rock Asphalt Pavement (Class A)'", of
Standard Specifications is hereby amended with respect to the clauses cited be-
and no other clauses or requirements of this item are waived or changed here-

Article 330.2. Materials, Subarticle (1) Rock Asphalt. The fifth paragraph is voided

and

replaced by the following:

Except for Type D paving mixture the portion of the material retained on the
No. 4 sieve shall contain by weight from 20 percent to 35 percent of material
with a naturally-impregnated-asphalt content of-less than 1 percent. The por-
tion of the material retained on the No. 4 sieve for Type D paving mixture
shall contain by weight from 15 percent to 35 percent of the material with a
naturally-impregnated-asphalt content of less than 1 percent. This percentage
shall be adjusted within the grading limits to obtain an acceptable mixture.

Article 330.2. Materials, Subarticle (1) Rock Asphalt, is supplemented by the fol-
lowing:

The coarse aggregate for use in the surface or finish course shall have a
"Polish Value'" of not less than 34 when subjected to tests as specified in the
Speelal Provision, "Accelerated Polish Test Method for Coarse Aggregate used

in Pavement Surfaces'. No "Polish Value" tests will be required for aggregates
used in level-up courses. The "Polish Value" test is a quality test for approv-
al of the source and not a job-control test.

Article 330.6. Construction Methods, Subarticle (3) Placing, is supplemented by the
following:

Where more than one course of pavement is to be placed, no succeeding course
shall be placed until the preceding course has cured to the satisfaction of
the Engineer, but shall contain not more than a maximum of 3 percent moisture
and 0.2 percent hydrocarbon-volatile content of the mixture by weight as de-
termined by Test Method Tex-212-F and 213-F or test methods included in THD
Bulletin C-14.

Article 330.7. Measurement is voided and replaced by the following:

330.7. Measurement. (1) The rock-asphalt mixture will be measured by the
cubic yard as actually used in the completed and accepted work in accordance
with the plans and specification for the project. The volume of the rock-
asphalt mixture will be determined by the following formula:

=9 330---026
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W-Y

V = 62.4(27)G,

V = Cubic Yards of compacted Aggregate

W = Total weight of rock-asphalt mixture in pounds

G, = Average actual specific gravity of three molded specimens as prepared
by Test Method Tex 206-F and determined in accordance with Test Method
Tex 207-F

Y = Weight of water in pounds in excess of 47 of total weight of mix at time
of wieghing

The weight will be determined on truck scales as provided in the specifi-
cation. Records will be kept on tare load, total load and net load of
rock-asphalt mixture for each load of same.

(2) Tack coat will be measured at the point of application on the road in gal-
lons at the applied temperature. When gasloine and/or kerosene is added to

the cut-back asphalt for tack coat, as ordered, measurement will be made after
mixing.

2-2 330---026
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APPENDIX IX.

Special Specification, Hot Mix Asphaltic Concrete
Pavement (Volumetric Design) (2103.000)



TEXAS HIGHWAY DEPARTMENT
SPECIAL SPECIFICATION

HOT~-MIX ASPHALTIC-CONCRETE PAVEMENT
(Volumetric Design)

1. Description. For Project C 49-8-29, Etc, this item shall consist of a base
course, a leveling-up course, a surface course or any combination of these courses,
as shown on the plans, each to be composed of a compacted mixture of mineral ag-
gregate and asphaltic material.

The pavement shall be constructed on the previously completed and approved subgrade,
base, existing pavement, bituminous surface, or in the case of a bridge, on the
prepared floor slab, as herein specified and in accordance with the details shown
on the plans.

2. Materials.

(1) Mineral Aggregate. The mineral aggregate shall be composed of a coarse
aggregate, a fine aggregate, and if required, a mineral filler. Samples of coarse
aggregate, fine aggregate, and mineral filler shall be submitted in accordance with
the methods prescribed in Item 6 of the Standard Specifications, and approval of
both the material and the source of supply must be obtained from the Engineer prior
to delivery.

The combined mineral aggregate, after final processing by the mixing plant and prior
to addition of asphalt and mineral filler, shall have a sand equivalent value of

not less than 45, unless otherwise shown on plans, when tested in accordance with
Test Method Tex-203-F.

(a) Coarse Aggregate. The coarse aggregate shall be that part of the
aggregate retained on a No. 10 sieve; shall consist of clean, though, durable frag-
ments of stone, crushed blast furnace slag, crushed gravel, gravel, slag aggregate
(produced from burning coal), crushed limestone rock asphalt, synthetic aggregate
(herein defined as aggregate produced by fusing raw shale or clay in a rotary kiln
under intense heat into predominately amorphous silicate), or combinations thereof,
as hereinafter specified, and of uniform quality throughout.

For all coarse aggregate, the amount of organic matter, clay, loam, or particles
coated therewith, or other undesirable materials shown in the plans, when tested

in accordance with Test Method Tex-217-F (Part I, Separation of Deleterious Materi-
al) shall not exceed 2 percent.

That portion of the coarse aggregate composed of synthetic aggregate shall meet the
following requirements: The dry loose unit weight shall be at least 35 pounds per
cubic foot, when tested in accordance with Test Method Tex-404-A. The "Aggregate
Freeze-Thaw Loss' shall not exceed 15 percent when tested in accordance with Test
Method Tex-432-A, Tentative. This requirement may be waived when, in the judge-
ment of the Engineer, the asphaltic concrete will not become exposed to freezing
and thawing. The "Pressure Slaking Value" shall not exceed 6 percent when tested
in accordance with Test Method Tex-431-A, Tentative.

When it is specified that the coarse aggregate be sampled during delivery to the
plant, from the stockpile, or from the cold bins, the material removed when tested
in accordance with Test Method Tex-217-F (Part II, Decantation) shall not exceed
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2 percent.

The plasticity index of that part of the fine aggregate
contained in the coarse aggregate passing the No. 40
sieve shall not be more than 6 when tested by Test
Method Tex-106-E. However, where the coarse aggregate
contains less than 5% of fine aggregate and the fine
aggregate is of the same or similar material as the
coarse aggregate, the P.I. requirement for the material
passing the No. 40 sieve may be waived by the Engineer
in writing.

Where the fine aggregate in the coarse aggregate is the
same or similar material as the coarse aggregate and

the P.I. of the material passing the No. 40 sieve exceeds
6, the Contractor may if he so elects use the material,
provided the material is processed in a manner satisfactory
to the Engineer; and when the coarse aggregate is further
sampled from the hot bins and tested in accordance with
Test Method Tex-217-F (Part II, Decantation), the amount
of material removed shall not exceed 1 percent. The
material removed during the processing operation will be
disposed of by the Contractor.

When it is specified that the coarse aggregate be sampled from the hot bins and
tested in accordance with Test Method Tex-217-F (Part II, Decantation), the amount
of material removed shall not exceed 1 percent. Where the fine aggregate in the
coarse aggregate is the same or similar material as the coarse aggregate, the P.I.
requirement for that part of the fine aggregate in the coarse aggregate passing the
No. 40 sieve may be waived by the Engineer in writing.

The point of sampling for Test Method Tex-217-F (Part I and Part II) will be as
shown on the plans.

Tests performed as specified herein shall be represent material processed or placed
until a subsequent test is performed.

The coarse aggregate shall have an abrasion of not more than 40 percent ioss by
weight, unless otherwise shown on plans, when subjected to the Los Angeles Abrasion
Test, Test Method Tex-410-A, except for Type "F'" (Non-skid Surface Course) and

Type "K'" (Differential Wear Surface Course).

The coarse aggregate for Type "F" shall have an abrasion of not more than 35 per-
cent loss by weight when subjected to the Los Angeles Abrasion Test. If gravel

is used for Type "F'", it shall be so crushed that 90 percent of the particles re-
tained on the No. 4 sieve shall have more than one crushed face, when tested in
accordance with Test Method Tex-413-A (Particle Count).

The coarse aggregate for Type "K'" shall be composed of two separate materials.

One shall have an abrasion of not more than 30 percent and the other shall have

an abrasion of not less than 30 percent and not more than 40 percent when subject-
ed to the Los Angeles Abrasion Test. Also, the abrasion of the two different
materials shall differ by at least 10 precent. The aggregates shall be combined
in such a manner that the total coarse aggregate including any coarse aggregate
contained in the fine aggregate stockpile shall be a mixture of material, 45 to

55 percent (based on volume) of which will have a Los Angeles Abrasion loss of not
more than 30 percent, and the remainder will have a Los Angeles Abrasion loss of
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not less than 30 percent and not more than 40 percent. If gravel is used for
Type "K", it shall be so crushed that 90 percent of the particles retained on the
No. 4 sieve shall have more than one crushed face.

The requirement for the Los Angeles Abrasion Test shall be waived for slag aggregate
produced from burning coal.

Where coarse aggregates are supplied from two or more sources, aggregate from each
source shall be tested for compliance with Los Angeles Abrasion requirements prior
to being combined with other aggregates.

In addition to the above requirements the coarse aggregate used in the surface or
finish course shall have a "Polish Value'" of not less than 34 when subjected to
tests as specified in the Special Provision '"Accelerated Polish Test Method for
Coarse Aggregate used in Pavement Surfaces'". No '"Polish Value'" tests will be re-
quired for aggregate used in level-up courses. The "Polish Value'" test is a
quality test for approval of the source and not a job-control test.

(b) Fine Aggregate. The fine aggregate shall be that part of the aggre-
gate passing the No. 10 sieve and shall consist of sand or screenings or a combi-
nation of sand and screenings.

Sand shall be composed of durable stone particles free from injurious foreign mat-
ter. Screenings shall be of the same or similar material as specified for coarse
aggregate. The plasticity index of that part of the fine aggregate passing the
No. 40 sieve shall be not more than 6 when tested by Test Method Tex-106-E. Fine
aggregate from each source shall meet the P.I. requirement.

When stone screenings are specified for use, the stone screenings shall meet the
following grading requirements, unless otherwise shown on plans:

Passing the 3/8" sieve....ccoevesnn 1007 by weight
Passing the No. 200 sieve.......... 2 - 30% by weight

When authorized by the Engineer, stone screenings containing particles larger than
3/8" may be used, but only that portion of the material passing the 3/8" sieve
shall be considered as fulfilling the requirements for screenings when a minimum
percentage of stone screenings is specified for a particular mixture.

Where limestone Rock asphalt screenings are specified for use, they may be pit run.

(c) Mineral Filler. The mineral filler shall consist of thoroughly dry
stone dust, slate dust, portland cement, fly ash, or other mineral dust approved
by the Engineer. The mineral filler shall be free from foreign and other injurious
matter.

When tested by Test Method Tex-200-F (Part I, Dry Sieve Analysis) it shall meet
the following grading requirements, unless otherwise shown on plans:

Passing No. 30 sieve ......ce0000e.. 95-100% by weight
Passing No. 80 sieve, not less than 75% by weight
Passing No. 200 sieve, not less than 55% by weight

(2) Asphaltic Material.

(a) Paving Mixture. Asphalt for the paving mixture shall be of
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the type of asphaltic cement or oil asphalt as determined by the Engineer and shall
meet the requirements of the Item, '"Asphalts, oils and Emulsions'". The grade of
asphalt used shall be as designed by the Engineer after design tests have been

made using the mineral aggregates that are to be used in the project. If more than
one type of asphaltic concrete mixture is specified for the project, only one grade
of asphalt will be required for all types of mixtures, unless otherwise shown on
plans. The Contractor shall notify the Engineer of the source of his asphaltic
material prior to production of the asphaltic mixture and this source shall not

be changed during the course of the project except on written permission of the
Engineer.

(b) Tack Coat. The asphaltic material for tack coat shall meet the re-
quirements for emulsified asphalt EA-11M, cut-back asphalt RC-2, or shall be a
cut-back asphalt made by combining 50 to 70 percent by volume of asphaltic material
as specified for the type of paving mixture with 30 to 50 percent by volume of
gasoline and/or kerosene. If RC-2 cut-back asphalt is used, it may upon instruc-
tions from the Engineer by diluted by the addition of an approved grade of gasoline
and/or kerosene, not to exceed 15 percent by volume. Asphaltic materials shall
meet the requirements of the Item, "Asphalts, Oils and Emulsions".

3. Paving Mixtures.

(@) Types. The paving mixtures shall consist of a uniform mixture of coarse
aggregate, fine aggregate, and asphaltic material. The grading of each constiuent
of the mineral aggregate shall be such as to produce, when properly portioned, a
mixture which, when tested in accordance with Test Method '"Volumetric Sieve Analysis
of Fine and Coarse Aggregate' will conform to the limitations for master grading
given below for the type specified.

Type "A" (Coarse Graded Base Course): Percent
By Absolute Volume

ErEehlie PSSR G (A LT S W IRt - AR 4. omsl ol 190
L R T 1 R A . 95 to 100
Passing 1-3/4" sieve, retained on 7/8" sieve .... 15 to 40
Passing 7/8" sieve, retained on 3/8" sieve ...... 15 to 40
Passing 3/8" sieve, retained on No. 4 sieve ..... 10 to 25
Passing No. 4 sieve, retained on No. 10 sieve ... 5 to 20
Total retained on No. 10 sieve .................. 65 to 80
Passing No. 10 sieve, retained on No. 40 sieve... ONEere 20
Passing No. 40 sieve, retained on No. 80 sieve... SEoR 15
Passing No. 80 sieve, retained on No. 200 sieve.. 2 55t ORl'S
BasainogsNOr . Sr2 0 OMSHIey Bl Kot i ottere ametali o o0 o 06 0 ercacts 0 to 6

The asphaltic material shall form from 7 to 14 percent of
the mixture by volume. (Absolute Volume)

Type "B" (Fine Graded Base or Leveling-Up Course):

PasShing i elvel SaS NI £, o L L i e e ez 100
IZEICT ) ZA R T R Mo &30 10,00 R e e N e RN o 20 95 to 100
Passing 7/8'" sieve, retained on 3/8'" sieve...... 2015¢c0 1150

Passing 3/8'" seive, retained on No. 4 sieve..... 10 to 40
Passing No. 4 sieve, retained on No. 10 sieve... 5 to 25
Total retained on No. 10 sieve....vvvvvnnnnnn... 5bYtoF 70
‘Passing No. 10 sieve, retained on No. 40 sieve.. 0 to 30

2103.000

10-70
4-17



Passing No. 40 sieve, retained on No. 80 sieve... 4 to 20
Passing No. 80 sieve, retained on No. 200 sieve.. 3 to 20
PassinghNo . 200 isileves sie i ler | | o s ol e e el e o 0 to 6

The asphaltic material shall be form from 8 to 16 percent of
the mixture by volume. (Absolute Volume)

Type "C" (Coarse Graded Surface Course):

PASSHT 7/-81 [SHCIVE o R R e ie e s ot obst eee H W R 100
PASSHINE. 5/ 8 1 51 evel kR Ras BBt |, | 5 Lt 0 a e SR NE e 95 to 100
Passing 5/8" sieve, retained on.3/8" sieve....... s LS8 o) 40
Passing 3/8" sieve, retained on No. 4 sieve....... 10 to 35
Passing No. 4 sieve, retained on No. 10 sieve..... 10 to 30
Total retained on No. 10 sieve.....o.vvveeenennns 50 to 70
Passing No. 10 sieve, retained on No. 40 sieve.... 0 to 30
Passing No. 40 sieve, retained on No. 80 sieve.... 4 to 25
Passing No. 80 sieve, retained on No. 200 sieve.. 3 to 25
PalSISHmeMN o1, 200 Tshileva St MRREESTT. 1 Lol o o R e 0 to 6

The asphaltic material shall form from 8 to 16 percent of
the mixture by volume. (Absolute Volume)

Type '"D" (Fine Graded Surface Course): Percent by
Absolute Volume

Passing 1/2" sieve......... o A L NN o b

SRR B BlemE ) e g de s s ¢ ¢ 5 o s AR . 95 to 100
Passing 3/8" sieve, retained on No. &4 sieve...... 20 to 50
Passing No. 4 sieve, retained on No. 10 sieve.... 10 to 30
Total retained on No. 10 sieve.......v.uveen.... . 50 to 70
Passing No. 10 sieve, retained on No. 40 sieve... 0 to 30
Passing No. 40 sieve, retained on No. 80 sieve... 4 to 25
Passing No. 80 sieve, retained on No. 200 sieve.. 8 ton 125
PassamesNo ... 200" Silever s SERt T, | 3 aay Hons B 0 to 6

The asphaltic material shall form from 9 to 19 percent of
the mixture by volume. (Absolute Volume)

Type "E" (Sheet Asphalt Surface Course):

RassSing NO. 4. SIieVe sl Rehte Bl « s« « e s R S 100
Passing No. 4 sieve, retained on No. 10 sieve... 0 to 5
Passing No. 10 sieve, retained on No. 40 sieve.. 15 to 40
Passing No. 40 sieve, retained on No. 80 sieve.. 20 to 45
Passing No. 80 sieve, retained on No. 200 sieve. 12 to 32
Pasising fNow. 1200 sheve . s SuIEREIA. & d 6 o she oo e & Yarn S 7 to 20

The asphaltic material shall form from 17 to 28 percent of
the mixture by volume. (Absolute Volume)

Type "E" Mod. (Sheet Asphalt Surface Course):

Coarse aggregates for Type "E'" Mod. Shall be crushed material or a combination of
slag aggregate and crushed stone. Fine aggregate shall be as shown elsewhere in
this specification.
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The master grading for Type "E" Mod. (Sheet Asphalt Surface Course) shall be as
follows unless otherwise shown on plans:

When Slag Aggr. When Crushed
is Used Material is Used
% by Absol. Vol. % by Absol. Vol.
Passing 1/2" Sievee..vvevoroeonnse . 100 100
R cEn o RS /{81 LSS e 876 M FatunePad ot o 1) o fsite s 1o o et o110 . 95-100 95-100
Passing 3/8" sieve, retained
OnNNCBIRY WEHEVER e, 16 cld o . 15- 50 15- 50
Passing No. 4 sieve, retained
on No. 10 sieve.seve.oo... 10- 30 10- 30
Total Retained on No. 10 sieve.......... 35- 60 50- 70
Passing No. 10 sieve, retained
on No. 40 sieve.......... 15- 50 5- 30
Passing No. 200 sieve.........c..... Lo 2- 10 2- 10

The asphaltic material shall form from 12 to 22 percent of the mixture
by volume. (Absolute Volume)

Type "F'" (Non-skid Surface Course): Percent
by Absol. Volume

PeE ol B S R G o bt A D S DRl AR A ORI freriors ) bid 100
Passing l/4" sieve............ ) R v, Eartle T meaa AT R 95 to 100
Passing 1/4" sieve, retained on No. 10 sieve.......c.o.... SIS HE@R " 4G
Passing No. 10 sieve, retained on No. 40 sieve......... S e 0 to 25
Passing No. 40 sieve, retained on No. 80 sieve.....c...... 3 to 12
Passing No. 80 sieve, retained on No. 200 sieve........... 2 to 10
122155 it o) SPU0T0L Gl e i 1 bt e e i R R - Il s, 1 4 e 0to 6

The asphaltic material shall form from 8 to 15 percent of
the mixture by volume. (Absolute Volume)

Type "K'" (Differential Wear Surface Course):

P2 6@l 1L/ P SRR b forn oA 0 otk AR s I S 1 5 100
Paeeing SN BilEE0 Sl corati s Sy o o it SRR o7t = 95 to 100
Passing 3/8" sieve, retained on No. 4 sieve............. 2 20 to 50
Passing No. 4 sieve, retained on No. 10 sieve............. 10 to 30
igEalltretained it onENORMIONSTIeveRi . £ 5t Bl L o o 0 0l o b et de 50 to 70
Passing No. 10 sieve, retained on No. 40 sieve........... 0 to 30
Passing No. 40 sieve, retained on No. 80 sieve.......... g 4 to 25
Passing No. 80 sieve, retained on No. 200 sieve.......... SO0
Passing No. 200 sieve;...... R o e et A e o e amegie] R ISRNES A 0 to 6

The asphaltic material shall form from 9 to 19 percent of
the mixture by volume. (Absolute Volume)

Type "M" (Requirements as shown on Plans):
The specification requirements will be shown on the plans for the following:

Type of aggregate
Los Angeles Wear for coarse aggregate

Master grading and range of asphalt content.
2103.000
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Density
Stability
Number of hot bins and gradation of aggregates in each bin.

Master gradings for the types of mixtures listed above are based on the absolute
volume of the aggregate particles within the various sieve sizes and absolute vol-
ume of the asphalt at 77 F.

The Engineer will make laboratory mix designs from samples of materials proposed
for use by the Contractor. After an acceptable mixture meeting volumetric grad-
ing requirements is determined, the Engineer will furnish the Contractor with pro-
portions of each material to be used based on weight.

(2) Tolerances. The Engineer shall designate the weight of each size of ag-
gregate and weight of asphalt which will produce an acceptable mixture within mas-
ter volumetric grading requirements.

The paving mixture produced shall not vary from the designated grading and asphalt
content by more than the tolerances allowed herein and shall remain within the
limitations of the master grading specified. The respective tolerances, based on
the percent by volume of the mixture, are listed as follows:

Percent
by Absol. Volume

Passing 1-3/4" sieve, retained on 7/8" sieve................ plus or minus 5
Passing 7/8'" sieve, retained on 3/8" sieve.......iieiinnn. plus or minus 5
Passing 5/8" sieve, retained on 3/8" sieve..........c........ plus or minus 5
Passing 3/8" sieve, retained on No. &4 sievVe.....vevevuennnnne plus or minus 5
Passing 1/4'" sieve, retained on No. 10 sieve..........ov.... plus or minus 5
Passing No. 4 sieve, retained on No. 10 sieve.....coevveenn.. plus or minus 5
Total retained on No. 10 sieve......vveriieiieeneneenennns plus or minus 5
Passing No. 10 sieve, retained on No. 40 sieve.............. plus or minus 3
Passing No. 40 sieve, retained on No. 80 sieve........c.u... plus or minus 3
Passing No. 80 sieve, retained on No. 200 sieve............. plus or minus 3
RasEingiNoA w200 SHEVE IR R RE & fadi s s s %0 563 % ook ol yolbons s 13580 & Logfe plus or minus 3
AlsphaltMateriialtaul o W Reeemnh . & s % ik S on b eoer Rl R Nadee s o S o0 e plus or minus 2.0

The type and amount of the mixture used shall be as specified on the plans.

Should the paving mixture produced vary from the designated grading and asphalt
content by more than the above tolerances, proper changes are to be made until it
is within these tolerances.

(3) Extraction Test. Samples of the mixture when tested in accordance with
Test Method Tex-210-F shall not vary from the grading proportions of the aggregate
and the asphalt content designated by the Engineer by more than the respective
tolerances specified above. When limestone rock asphalt screenings are used, the
extraction requirements relative to asphalt content are waived.

(4) Sampling and Testing. It is the intent of this specification to produce
a mixture which when designed and tested in accordance with these specifications
and methods outlined in ASTM Designation: D 2041 will have the following laboratory
density and stability:

2103.000
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Density, Percent
Min. Max. Optimum Stability, Percent

Types A, B, C, D, E, F, K 95 L, 97 Not less than 30
unless otherwise
shown on plans.

Type E Mod. 92 98 95 Not less than 30
unless otherwise
shown on plans.

Stability and density tests are control tests. If the laborabory stability and/

or density of the mixture produced has a value lower than that specified, and in
the opinion of the Engineer is not due to change in source or quality of materials,
production may proceed, and the mix shall be changed until the laboratory stability
and density equals or exceeds the specified values. 1If there is, in the opinion

of the Engineer, and apparent change in any material from that used in the design
mixtures, production will be discontinued until a new design mixture is determined
by trial mixes.

4. Equipment.

(1) Mixing Plants. Mixing plants that will not continuously produce a mixture
meeting all of the requirements of this specification will be condemned.

Mixing plants may be either the weight-batching type or the continuous mixing type.
Both types of plants shall be equipped with satisfactory conveyors, power units,
aggregate handling equipment, hot aggregate screens and bins and dust collectors,
and shall consist of the following essential pieces of equipment.

(a) Weight-batching Type.

Cold Aggregate Bin and Proportioning Device. The aggregate bin shall
have at least four compartments of sufficient size to store the amount of aggregate
required to keep the plant in continuous operation and of proper design to prevent
overflow of material of one bin to that of another bin. The propertioning device
shall be such as will provide a uniform and continuous flow of aggregate in the
desired proportion to the dryer. Each aggregate shall be proportioned in a separate
compartment.

Dryer. The dryer shall be of the type that continually agitates the
aggregate during heating and in which the temperature can be so controlled that
aggregate will not be injured in the necessary drying and heating operations re-
quired to obtain a mixture of the specified temperature. The burner, or combi-
nation of burners, and type of fuel used shall be such that in the process of heat-
ing the aggregate to the desired or specified temperature, on residue from the fuel
shall adhere to the heated aggregate. A recording thermometer shall be provided
which will record the temperature of the aggregate when it leaves the dryer. The
dryer shall be of sufficient size to keep the plant in continuous operation.

Screening and Proportioning. The screening capacity and size of the
bins shall be sufficient to screen and store the amount of aggregate required to
properly operate the plant and keep the plant in continuous operation at full
capacity. Provisions shall be made to enable inspection forces to have easy and
safe access to the proper location on the mixing plant where representative samples
may be taken from the hot bins for testing. The aggregate shall be separated in-
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to at least four bins when producing Type "A", Type "B'", and Type '"C" mixtures; at
least three bins when producing Type ''D'" and Type "K'" mixtures; and at least two
bins when producing Type "E'", Type "E" Mod., and Type "F'" mixtures. If mineral
filler is needed, an additional bin shall be provided. These bins shall contain
the following sizes of aggregates which shall be based on '"Percent by Volume'" when
synthetic aggregate is used and "Percent by Weight'" when other aggregates are used:

Type "A" (Coarse Graded Base Course):

Bin No. 1l--- will contain aggregates of which 85 to 100
percent will pass the No. 10 sieve.

Bin No. 2--- will contain aggregates of which at least 70
percent will be of such size as to pass the
3/8-inch sieve and be retained on the No. 10
sieve.

Bin No. 3--- will contain aggregates of which at least 75
percent will be of such size as to pass the
7/8-inch sieve and be retained on the 3/8-
inch sieve.

Bin No. 4--- will contain aggregates of which at least 75
percent will be of such size as to pass the
2-inch sieve and be retained on the 7/8-inch
sieve.

Type '"B'" (Fine Graded Base or Leveling-up Course):

Bin No. 1--- will contain aggregates of which 85 to 100
percent will pass the No. 10 sieve.

Bin No. 2--- will contain aggregates of which at least 70
percent will be of such size as to pass the
1/4" sieve and be retained on the No. 10 sieve.

Bin No. 3--- will contain aggregates of which at least 75
percent will be of such size as to pass the
3/8-inch sieve and be retained on the 1/4"
sieve.

Bin No. 4--- will contain aggregates of which at least 75
percent will be of such size as to pass the
1 inch sieve and be retained on the 3/8-inch
sieve.

Type "C'" (Coarse Graded Surface Course):

Bin No. 1l--- will contain aggregates of which 85 to 100
percent will pass the No. 10 sieve.

Bin No. 2--- will contain aggregates of which at least 70
percent will be of such size as to pass the
1/4" sieve and be retained on the No. 10 sieve.

2103.000
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Bin No. 3 --- will contain aggregates of which at least 75
percent will be of such size as to pass the
3/8" sieve and be retained on the 1/4" sieve.

Bin No. 4 --- will contain aggregates of which at least 75
percent will be of such size as to pass the
7/8" sieve and be retained on the 3/8" sieve.

Type 'D'" (Fine Graded Surface Course) and
Type "K" (Differential Wear Surface Course):

Bin No. 1 --- will contain aggregates of which 85 to 100
percent will pass the No. 10 sieve.

Bin No. 2 --- will contain aggregates of which at least 70
percent will be of such size as to pass the
1/4" sieve and be retained on the No. 10 sieve.

Bin No. 3 --- will contain aggregates of which at least 75
percent will be of such size as to pass the
1/2" sieve and be retained on the 1/4" sieve.

Type "E" (Sheet Asphalt Surface Course):

Bin No. 1 --- will contain aggregates of which 85 to 100
percent will pass the No. 10 sieve.

Bin No. 2 --- will contain aggregates of which at least 70
percent will be of such size as to pass the
1/4" sieve and be retained on the No. 10 sieve.

Type "F'" (Non-skid Surface Course):

Bin No. 1 --- will contain aggregates of which 85 to 100
percent will pass the No. 10 sieve.

Bin No. 2 --- will contain aggregates of which at least 75
percent will be of such size as to pass the
3/8" sieve and be retained on the No. 10 sieve.

Agoregate Weigh Box and Batching Scales. The aggregate weigh box and
batching scales shall be of sufficient capacity to hold and weigh a complete batch
of aggregate. The weight box and scales shall conform to the requirements of the
Item, '"Weighing and Measuring Equipment'.

Asphaltic-Material Bucket and Scales. The asphaltic material bucket
and scales shall be of sufficient capacity to hold and weigh the necessary asphaltic
material for one batch. If the material is measured by weight, the bucket and scales
shall conform to the requirements of the Item, ''Weighing and Measuring Equipment'.

If a pressure type flow meter is used to measure the asphaltic material, the re-
quirements of the Item, '"Weighing and Measuring Equipment' shall apply.

Mixer. The mixer shall be of the pug mill type and shall have a capac-
ity of not less than 20 cubic feet in a single batch. The nubmer of blades and the
position of same shall be such as to give a uniform and complete circulation of the
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batch in the mixer. The mixer shall be equipped with an approved spray bar that
will distribute the asphaltic material quickly and uniformly throughout the mixer.
Any mixer that has a tendency to segregate the mineral aggregate or fails to secure
a thorough and uniform mixing with the asphaltic material shall not be used. This
shall be determined by mixing the standard batching for the required time, then
dumping the mixture and taking samples from its different parts. This will be
tested by the extraction test and must show that the batch is uniform throughout.
All mixers shall be provided with an automatic time lock that will lock the dis-
charge doors of the mixer for the required mixing period. The dump door or doors
and the shaft seals of the mixer shall be tight enough to prevent the spilling of
aggregate or mixture from the pug mill.

(b) Continuous Mixing Type.

Cold Aggregate Bin and Proportioning Device. Same as for weight-
batching type of plant.

Dryer. Same as for weight-batching type of plant.

Screening and Proportioning, Same as for weight-batching type of

plant.

Hot Aggregate Proportioning Device. The hot aggregate proportion-
ing device shall be so designed that when properly operated a uniform and continu-
ous flow of aggregate into the mixer will be maintained.

Asphaltic Material Spray Bar. The asphaltic material spray bar
shall be so designed that the asphalt will spray uniformly and continuously into
the mixer.

Mixer. The mixer shall be of the pug mill continuous type and shall have
a capacity of not less than 30 C.Y. of aggregate per hour. Any mixer that has a
tendency to segregate the aggregate or fails to secure a thorough and uniform mix-
ing of the aggregate with the asphaltic material shall not be used.

Truck Scales. A set of standard platform truck scales, conforming
to the Item, "Weighing and measuring Equipment', shall be placed at a location ap-
proved by the Engineer.

(2) Asphaltic Material Heating Equipment. Asphaltic material heating equip-
ment shall be adequate to heat the amount of asphaltic material required to the
desired temperature. Asphaltic material may be heated by steam coils which will
be absolutely tight. Direct fire heating of asphaltic materials will be permitted,
provided the heater used is manufactured by a reputable concern and there is pos-
itive circulation of the asphalt thoroughout the heater. Agitation with steam or
air will not be permitted. The heating apparatus shall be equipped with a record-
ing thermometer with a 24-hour chart that will record the temperature of the as-
phaltic material when it is at the highest temperature.

(3) Spreading and Finishing Machine. The spreading and finishing machine
shall be of a type approved by the Engineer, shall be capable of producing a sur-
face that will meet the requirements of the typical cross section and the surface
test when required; and shall have adequate power to propel the delivery vehicles
in a satisfactory manner when the mixture is dumped into the finishing machine.
The finishing machine shall be equipped with a flexible spring and/or hydraulic
type hitch sufficient in design and capacity to maintain contact between the rear
wheels of the hauling equipment and the pusher rollers of the finishing machine
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while the mixture is being unloaded.

Any vehicle which the finishing machine cannot push or propel in such a manner as

to obtain the desired lines and grades without resorting to hand finishing will not
be allowed to dump directly into the finishing machine. Vehicles of the semi-trailer
type are specifically prohibited from dumping directly into the finishing machine.
Vehicles dumping into the finishing machine shall be so designed and equipped that
unloading into the finishing machihe can be mechanically and/or automatically operat-
ed in such a manner that overloading the finishing machine being used cannot occur
and the required lines and grades will be obtained without resorting to hand finish-
ing.

Dumping of the asphaltic mixture in a windrow and then placing the mixture in the
finishing machine with loading equipment will be permitted provided that the load-
ing equipment is constructed and operated in such manner that substantially all of
the mixture deposited on the roadbed is picked up and placed in the finishing ma-
chine without contamination by foreign material of the mixture. The loading equip-
ment will be so designed and operated that the finishing machine being loaded will
obtain the required line, grade, and surface without resorting to hand finishing.
Any operation of the loading equipment resulting in the accumulation of material
and the subsequent shedding of this material into the asphaltic mixture will not
be permitted.

(4) Forms. The use of forms will not be required except where necessary to
support the edges of the pavement during rolling. If the pavement will stand roll-
ing. If the pavement will stand rolling without undue movement, binder twine or
small rope may be used to align the edges.

(5) Motor Grader. The motor grader, if used, shall be a self-propelled power
motor grader; it shall be equipped with smooth tread pneumatic tired wheels; shall
have a blade length of not less than 12 feet; shall have a wheel base of not less
than 16 feet; and shall be tight and in good operating condition and approved by
the Engineer.

(6) Pneumatic Tire Rollers. The rollers shall be an acceptable medium pneumatic
tire roller conforming to the requirements of the Item, "Rolling (Pneumatic Tire)",
Type B unless otherwise specified on plans.

The tire pressure of each tire shall be adjusted as directed by the Engineer and
this pressure shall not vary by more than 5 pounds per square inch.

(7) Two Axle Tandem Roller. This roller shall be an acceptable power driven
tandem roller weighing not less than 8 tons.

(8) Three Wheel Roller. This roller shall be an acceptable power driven three
wheel roller weighing not less .than 10 tons.

(9) Three Axle Tandem Roller. This roller shall be an acceptable power driven
three axle roller weighing not less than 10 toms.

(10) Trench Roller. This roller shall be an acceptable power driven trench
roller equjpped with sprinkler for keeping the wheels wet and adjustable road wheel
so that roller may be kept level during rolling. The drive wheel shall be not less
than 20 inches wide.

The roller under working conditions shall produce 325 pounds per linear inch of
roller width and be so geared that a speed of 1.8 miles per hour is obtained in

2103.000
12-17 10-70



low gear.

(11) Straightedges and Templates. When directed by the Engineer, the Contrac-
tor shall provide acceptable 10 foot straightedges for surface testing. Satisfac-
tory templates shall be provided as required by the Engineer.

(12) All equipment shall be maintained in good repair and operating condition
and shall be approved by the Engineer.

5. Stockpiling, Storage, Proportioning and Mixing.

(1) Stockpiling of Aggregates. Prior to stockpiling of aggregates, the area
shall be cleaned of trash, weeds and grass and be relatively smooth. Aggregates
shall be stockpiled in such a manner as to prevent mixing of one aggregate with
another., Coarse aggregates for Types "A", "B'", and '"C" shall be separated into
at least two stockpiles of different gradation, such as a large coarse aggregate,
and a small coarse aggregate stockpile and such that the grading requirements of
the specified type will be met when the piles are combined in the asphaltic mixture.

Coarse aggregates for Type '"K" shall be separated into at least two stockpiles of
different abrasion characteristics as herein specified. The two stockpiles may
be of the same or similar gradation.

No coarse aggregate stockpile shall contain more than 20 percent be weight of
material that will pass a No. 10 sieve except as noted on the plans or provided
for by special provision. Fine aggregate stockpiles may contain small coarse
aggregate in the amount of up to 30 percent by weight; however, the coarse aggre-
gate shall meet the quality tests specified herein for '""Coarse Aggregate'". Suit-
able equipment of acceptable size shall be furnished by the Contractor to work the
stockpiles and prevent segregation of the aggregates.

(2) Storage and Heating of Asphaltic Materials. The asphaltic material storage
shall be ample to meet the requirements of the plant. Asphalts shall not be heat-
ed to a temperature in excess of 400 F. All equipment used in the storage and
handling of asphaltic materials shall be kept in a clean condition at all times
and shall be operated in such manner that there will be no contamination with
foreign matter.

(3) Feeding and Drying of Aggregate. The feeding of various sizes of aggre-
gate to the dryer shall be done through the cold aggregate bin and proportioning
device in such a manner that a uniform and constant flow of materials in the re-
quired proportions will be maintained. The aggregate shall be dried and heated
to the temperature necessary to produce a mixture having the specified temperature.
In no case shall the aggregate be introduced into the mixing unit at a temperature
of more than 400 F.

(4) Proportioning. The proportioning of the various materials entering the
asphaltic mixture shall be as directed by the Engineer in accordance with these
specifications. Aggregate shall be proportioned by weight using the weigh box
and batching scales herein specified when the weight-batch type of plant is used
and by volume using the hot aggregate proportioning device when the continuous mix-
er type of plant is used. The asphaltic material shall be proportioned by weight
or by volume based on weight using the specified equipment.

2103.000
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(5) Mixing.

(a) Batch Type Mixer. In the charging of the weighf box and in the charg-
ing of the mixer from the weigh box, such methods or devices shall be used as are
necessary to secure a uniform asphaltic mixture. In introducing the batch into the
mixer, all mineral aggregate shall be introduced first; shall be mixed thoroughly
for a period of 5 to 20 seconds, as directed, to uniformly distribute the various
sizes throughout the hatch before the asphaltic material is added; the asphaltic
material shall then be added and the mixing continued for a total mixing period of
not less than 30 seconds. This mixing period may be increased, if, in the opinion
of the Engineer, the mixture is not uniform. ‘

(b) Continuous Type Mixer. The amount of aggrégaﬁe and asphaltic material
entering the mixer and the rate of travel through the mixer shall be so coordinated
that a uniform mixture of the specified grading and asphalt content will be produced.

(c) The mixture produced from each type of mixer shall not vary from the
specified mixture by more than the tolerances herein specified.

(d) The asphaltic mixture shall be at a temperature between 225 F. and
350 F. when dumped from the mixer. The Engineer will determine the temperature,
within the above limitations, and the mixture when dumped from the mixer shall not
vary from this selected temperature by more than 25 F.

6. Construction Methods. The prime coat, tack coat or the asphaltic mixture when
placed with a spreading and finishing machine, shall not be placed when the air
temperature is below 50 F. and is falling, but it may be placed when the air tem-
perature is below 40 F. and is rising. The asphaltic mixture when placed with a
motor grader, shall not be placed when the air temperature is below 60 F. and is
falling, but may be placed when the air temperature is above 50 F. and is rising.
The air temperature shall be taken in the shade away from artificial heat. It is
further provided that the prime coat, tack coat or asphaltic mixture shall be placed
only when the humidity, general weather conditions and temperature and moisture
condition of the base, in the opinion of the Engineer, are suitable.

If the temperature of a load of the asphaltic mixture or any part of a load becomes
50 F. or more less than the temperature selected by the Engineer under Article
5.(5) of this specification after being dumped from the mixer and prior to placing,
all or any part of the load may be rejected and payment will not be made for the
rejected material.

(1) Prime Coat. If a prime coat is required, it shall be applied and paid
for as a separate item conforming to the requirements of the Item, "Prime Coat",
except the air tamperature at time of application shall be as provided above. The
tack coat or asphalt concrete shall not be applied on a previously primed flexible
base until the primed base has completely cured to the satisfaction of the Engineer.

(2) Tack Coat. Before the asphaltic mixture is laid, the surface upon which
the tack coat is to be placed shall be cleaned thoroughly to the satisfaction of
the Engineer. The surface shall be given a uniform application of tack coat under
"Asphaltic Material" of this specification. This tack coat shall be applied, as
directed by the Engineer, with an approved sprayer at a rate not to exceed 0.10
gallon per square yard of surface. When the mixture will adhere to the surface on
which it is to be placed without the use of a tack coat, the tack coat may be elimi-
nated by the Engineer. All contact surfaces of curbs and structures and all joints
shall be painted with a thin uniform coat of the asphaltic material used for the
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tack coat. The tack coat shall be rolled with a pneumatic tire roller as direct-
ed by the Engineer.

(3) Transporting Asphaltic Concrete. The asphlatic mixture, prepared as
specified above, shall be hauled to the work in tight vehicles previously cleaned
of all foreign material. The dispatching of the vehicles shall be arranged so
that all material delivered may be placed and all rolling shall be completed during
daylight hours. In cool weather or for long hauls, canvas covers and insulating
of the truck bodies may be required. The inside of the truck body may be given
a light coating of oil, if necessary, to prevent mixture from adhereing to the
body.

(4) Placing.

(a) Generally the asphaltic mixture shall be dumped and spread on the
approved prepared surface with the specified spreading and finishing machine, in
such manner that when properly compacted the finished pavement will be smooth, of
uniform density and will meet the requirements of the typical cross section and
the surface tests. During the application of asphaltic material, care shall be
taken to prevent splattering of adjacent pavement, curb and gutter, and structures.

(b) 1In placing a level-up course with the spreading and finishing machine,
the forms, binder twine or cord shall be set to line and grade established by the
Engineer. When directed by the Engineer, level-up courses shall be spread with
the specified motor grader.

(c) When the asphaltic mixture is placed in a narrow strip along the
edge of an existing pavement, or used to level up small areas of an existing pave-
ment or placed in small irregular areas where the use of a finishing machine is
not practical, the finishing machine may be eliminated when authorized by the
Engineer, provided a satisfactory surface can be obtained by other approved methods.

(d) Flush Structures. Adjacent to flush curbs, gutters, liners and
structures, the surface shall be finished uniformly high so that when compacted
it will be slightly above the edge of the curb and flush structure.

(5) Compacting.

(a) As directed by the Engineer, the pavement shall be compressed thor-
oughly and uniformly with the specified rollers.

(b) Rolling with the three wheel and tandem rollers shall start long-
itudinally at the sides ans proceed toward the center of the pavement, overlapping
on successive trips by at least half the width of the rear wheels, unless otherwise
directed by the Engineer. Alternate trips of the roller shall be slightly different
in length. On super-elevated curves, tolling shall begin at the low side and pro-
gress toward the high side, unless otherwise directed by the Engineer. Rolling
with pneumatic roller shall be done as directed by the Engineer. Rolling shall
be continued until no further compression can be obtained and all roller marks
are eliminated. One tandem roller, one pneumatic roller, and at least one three
wheel roller, as specified above, shall be provided for each job. If the Contrac-
tor elects, he may substitute the three axle tandem roller for the two axle tandem
roller and/or the three wheel roller; but in no case shall less than three rollers
be in use on each job., Additional rollers shall be provided if needed. The motion
of the roller shall be slow enough at all times to avoid displacement of the mix-
ture, If any displacement occurs, it shall be corrected at once by the use of
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rakes and of fresh mixture where required. The roller shall not be allowed to stand
on pavement which has not been fully compacted. To prevent adhesion of the surface
mixture to the roller, the wheels shall be kept thoroughly moistened with water,

but an excess of water will not be permitted. All rollers must be in good mechanical
condition. Necessary precautions shall be taken to prevent the dropping of gasoline,
0il, grease or other foreign matter on the pavement, either when the rollers are

in operation or when standing.

(c) Hand Tamping. The edges of the pavement along curbs, headers and
similar structures, and all places not accessible to the roller, or in such posi-
tions as will not allow thorough compaction with the roller, shall be thoroughly
compacted with lightly oiled tamps.

(d) Rolling with the trench type roller will be required on widening
areas in trenches and other limited areas where satisfactory compaction cannot be
obtained with the three wheel and tandem rollers.

(6) Surface Tests. The surface of the pavement, after compression, shall be
smooth and true to the established line, grade and cross section and, when tested
with a 10 foot straightedge placed parallel to the centerline of the roadway or by
other equivalent and acceptable methods, the maximum deviation shall not exceed
1/8-inch to 10 feet, except as provided herein, and any point in the surface not
meeting this requirement shall be corrected as directed by the Engineer. When the
pavement is placed on existing surfaces, the 1/8 inch deviation in 10 feet require-
ment may be waived by the Engineer.

(7) Opening to Traffic. The pavement shall be opened to traffic when direct-
ed by the Engineer. All construction traffic allowed on the pavement shall comply
with the State laws governing traffic on highways.

If the surface ravels, it will be the Contractor's responsibility to correct this
condition at his expense.

7. Measurement.

(1) Asphaltic Concrete. Asphaltic concrete will be measured separately by
the ton of 2,000 pounds of "Asphalt" and by the cubic yard of laboratory-compacted
"Aggregate" of the type actually used in the completed and accepted work in accor-
dance with plans and specifications for the project. The volume of aggregate in
the compacted mix shall be calculated from the measured weights of the asphaltic
concrete by the following formula:

W

V= %% 2nca

V = Cubic Yards of compacted aggregate

W = Total weight of asphaltic concrete in pounds

Ga = Average actual specific gravity of three mold specimens

as prepared by Test Method Tex-206-F and determined in
accordance with Test Method Tex-207-F,

The weight "W", if mixing is done by a continuous mixer, will be determined by
truck scales. Weight, if mixing is done by a batch mixer, will be determined by
batch scales and records of the number of batches, batch designs and weight of
asphalt and aggregate shall be kept.
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For the first day's production, the average actual specific gravity of specimens
molded during laboratory design of the mix shall be used in the volume computation
formula. For each subsequent day's production, the average actual specific gravity
of specimens molded from the previous day's production shall be used.

(2) Tack Coat. Tack coat will be measured at the point of application on the
road in gallons at the applied temperature. When gasoline and/or kerosene is added
to the cut-back asphalt for tack coat, as ordered, measurement will be made after
mixing.

8. Payment.

(1) The work performed and materials furnished as prescribed by this item and
measured as provided under '"Measurement", will be paid for at the unit prices bid
for "Asphalt'" and '"Aggregate', of the types specified, which prices shall each be
full compensation for quarrying, furnishing all materials, freight involved; for
all heating, mixing, hauling, cleaning of the existing basé course or pavement,
placing asphaltic concrete mixture, rolling and finishing; and for all manipulations,
labor, tools, equipment and incidentals necessary to complete the work, except to
tack coat and prime coat when required.

(2) The tack coat, measured as provided under "Measurement'" will be paid for
at the unit price bid for "Tack Coat'", which price shall be full compensation for
furnishing, preparing, hauling and placing the asphaltic materials of the grade
used; and for all manipulations, labor, tools, equipment and incidentals necessary
to complete the work.

(3) The prime coat, performed where required, will be measured and paid for
in accordance with the provisions governing the Item, "Prime Coat".

(4) All templates, straightedges, scales and other weighing and measuring
devices necessary for the proper construction, measuring and checking of the work
shall be furnished, operated and maintained by the Contractor at his expense.
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APPENDIX X.

Special Specification, Hot Mix Cold~Iaid Asphaltic
Concrete Pavement (Volumetric Design) (2104.000)



TEXAS HIGHWAY DEPARTMENT
SPECIAL SPECIFICATION

HOT-MIX COLD-LAID ASPHALTIC-CONCRETE PAVEMENT
(Volumeteric Design)

) Description. For Project C 49-8-29, etc, this item shall consist of a base
course, a leveling-up course, a surface course, or any combination of these courses,
as shown on the plans, each to be composed of a compacted mixture of mineral
aggregate and asphaltic material.

The pavement shall be constructed on the previously completed and approved subgrade,
base, existing pavement, bituminous surface, or in the case of a bridge, on the
prepared floor slab, as herein specified and in accordance with the detail shown

on the plans.

2% Materials.

(1) Mineral Aggregate. The mineral aggregate shall be composed of a coarse
aggregate, a fine aggregate, and if required, a mineral filler. . Samples of coarse
aggregate, fine aggregate, and mineral filler shall be submitted in accordance with
the methods prescribed in Item 6 of the Standard Specifications, and approval of
both the material and the source of supply must be obtained from the Engineer prior
to delivery.

The combined mineral aggregate, after final processing by the mixing plant and prior
to addition of asphalt and mineral filler, shall have a sand equivalent value of

not less than 45, unless otherwise shown on plans, when tested in accordance with
Test Method Tex-203-F.

(a) Coarse Aggregate. The coarse aggregate shall be that part of the
aggregate retained on a No. 10 sieve; shall consist of clean, tough, durable
fragments of stone, crushed blast furnace slag, crushed gravel, gravel, slag ag-
gregate (produced from burning coal), crushed limestone rock asphalt, synthetic
aggregate (herein defined as aggregate produced by fusing raw shale or clay in a
rotary kiln under intense heat into predominately amorphous silicate), or
combinations thereof, as hereinafter specified, and of uniform quality throughout.

For all coarse aggregate, the amount of organic matter, clay, loam, or particles
coated therewith, or other undesirable materials shown in the plans, when tested
in accordance with Test Method Tex-217-F (Part I, Separation of Deleterious
Material) shall not exceed 2 percent.

That portion of the coarse aggregate composed of synthetic aggregate shall meet

the following requirements: The dry loose unit weight shall be at least 35 pounds
per cubic foot, when tested in accordance with Test Method Tex-404-A. The "Aggre-
gate Freeze-Thaw Loss' shall not exceed 15 percent when tested in accordance with
Test Method Tex-432-A, Tentative. This requirement may be waived when, in the
judgment of the Engineer, the asphaltic concrete will not become exposed to freezing
and thawing. The "Pressure Slaking value'" shall not exceed 6 percent when tested
in accordance with Test Method Tex-431-A, Tentative.

When it is specified that the coarse aggregate be sampled during delivery to the
plant, from the stockpile, or from the cold bins, the material removed when tested
in accordance with Test Method Tex-217-F (Part II, Decantation) shall not exceed 2

percent.
2104.000

10-70
1-17



The plasticity index of that part of the fine aggregate
contained in the coarse aggregate passing the No. 40 sieve
shall net be more than 6 when tested by Test Method Tex-106-E.
However, where the coarse aggregate contains less than 5%

of fine aggregate and the fine aggregate is of the same or
similar material as the coarse aggregate, the P.I. re-
quirement for the material passing the No. 40 sieve may be
waived by the Engineer in writing.

Where the fine aggregate in the coarse aggregate is the
same or similar material as the coarse aggregate and the P.I.
of the material passing the No. 40 sieve exceeds 6, the
Contractor may if he so elects use the material, provided
the material is processed in a manner satisfactory to the
Engineer; and when the coarse aggregate is further sampled
from the hot bins and tested in accordance with Test Method
Tex-217-F (Part II, Decantation), the amount of material
removed shall not exceed 1 percent. The material removed
during the processing operation will be disposed of by the
Contractor.

When it is specified that the coarse aggregate be sampled from the hot bins

and tested in accordance with Test Method Tex-217-F (Part II, Decantation), the
amount of material removed shall not exceed 1 percent. Where the fine aggregate
in the coarse aggregate is the same or similar material as the coarse aggregate,
the P.I. requirement for that part of the fine aggregate in the coarse aggregate
passing the No. 40 sieve may be waived by the Engineer in writing.

The point of sampling for Test Method Tex-217-F (Part I and Part II) will be
as shown on the plans.

Tests performed as specified herein shall represent material processed or placed
until a subsequent test is performed.

The coarse aggregate shall have an abrasion of not more than 40 percent loss by
weight, unless otherwise shown on plans, when subjected to the Los Angeles
Abrasion Test, Test Method Tex-410-A, except for Type "F" (Non-skid Surface Course)
and Type "K'" (Differential Wear Surface Course).

The coarse aggregate for Type "F'" shall have an abrasion of not more than 35
percent loss by weight when subjected to the Los Angeles Abrasion Test. If gravel
is used for Type "F", it shall be so crushed that 90 percent of the particles re-
tained on the No. 4 sieve shall have more than one crushed face, when tested in
accordance with Test Method Tex-413-A (Particle Count).

The coarse aggregate for Type "K'" shall be composed of two separate materials.
One shall have an abrasion of not more than 30 percent and the other shall have
an abrasion of not less than 30 percent and not more than 40 percent when sub-
jected to the Los Angeles Abrasion Test. Also, the abrasion of the two different
materials shall differ by at least 10 percent. The aggregates shall be combined
in such a manner that the total coarse aggregate including any coarse aggregate
contained in the fine aggregate stockpile shall be a mixture of material, 45 to
55 percent (based on volume) of which will have a Los Angeles Abrasion loss of
not more than 30 percent, and the remainder will have a Los Angeles Abrasion

loss of not less than 30 percent and not more than 40 percent. If gravel is used
for Type "K', it shall be so crushed that 90 percent of the particles retained
on the No. 4 sieve shall have more than on crushed face.

2104.000
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The requirement for the Los Angeles Abrasion Test shall be waived for slag
aggregate produced from burning coal.

Where coarse aggregates are supplied from two or more sources, aggregate from
each source shall be tested for compliance with Los Angeles Abrasion re-
quirements prior to being combined with other aggregates.

In addition to the above requirements the coarse aggregate used in the surface

or finish course shall have a "Polish Value" of not less than 34 when subjected
to tests as specified in the Special Provision '"Accelerated Polish Test Method
for Coarse Aggregate used in Pavement Surfaces'. No '"Polish Value'" tests will be
required for aggregate used in level-up courses. The '"Polish Value" test is a
quality test for approval of the source and not a job-control test.

(b) Fine Aggregate. The fine aggregate shall be that part of the
aggregate passing the No. 10 sieve and shall consist of sand or screenings or
a combination of sand and screenings.

Sand shall be composed of durable stone particles free from injurious foreign
matter. Screenings shall be of the same or similar material as specified for
coarse aggregate. The plasticity index of that part of the fine aggregate passing
the No. 40 sieve shall be not more than 6 when tested by Test Method Tex-106-E.
Fine aggregate from each source shall meet the P.I. requirement.

Where stone screenings are specified for use, the stone screenings shall meet
the following grading requirements, unless otherwise shown on plans:

Passiine® thet S /S aNEHle v e = i - A N s 100% by weight
Passing Sthe Noew2OUREIaVe . & bl o e 2 - 30% by weight

When authorized by the Engineer, stone screenings containing particles larger
than 3/8'" may be used, but only that portion of the material passing the

3/8" sieve shall be considered as fulfilling the requirements for screenings
when a minimum percentage of stone screenings is specified for a particular
mixture.

Where limestone rock asphalt screenings are specified for use, they may be
pit run.

(c) Mineral Filler. The mineral filler shall consist of thoroughly
dry stone dust, slate dust, portland cement, fly ash, or other mineral dust
approved by the Engineer. The mineral filler shall be free from foreign and
other injurious matter.

When tested by Test Method Tex-200-F (Part I, Dry Sieve Analysis) it shall meet
the following grading requirements, unless otherwise shown on plans:

Ragsimg) Nok, SOMSHICITEREIE. | 1o%., 5.4 25 ettt 95-100% by weight
Passing No. 80 sieve, not less than 75% by weight
Passing No. 200 sieve, not less than 55% by weight

(2) Asphaltic Material.

(a) Paving Mixture. Asphalt for the paving mixture shall be of the
types of oil asphalt or asphaltic cement as determined by the Engineer and
shall meet the requirements of the Item, "Asphalts, Oils and Emulsions".
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The grade of asphalt used shall be as designated by the Engineer after design
tests have been made using the mineral aggregates that are to be used in the
project. If more than one type of asphaltic concrete mixture is specified for

the project, only one grade of asphalt will be required for all types of mixtures,
unless otherwise shown on plans. The Contractor shall notify the Engineer of

the source of his asphaltic material prior to production of the asphaltic

mixture and this source shall not be changed during the course of the project
except on written permission of the Engineer.

(b) Tack Coat. The asphaltic material for tack coat shall meet the
requirements for emulsified asphalt EA-11M, cut-back asphalt RC-2, or shall
be a cut-back asphalt made by combining 50 to 70 percent by volume of the
asphaltic material as specified for the type of paving mixture with 30 to 50
percent by volume of gasoline and/or kerosene. If RC-2 cut-back asphalt is used,
it may upon instructions from the Engineer be diluted by the addition of an
approved grade of gasoline and/or kerosene, not to exceed 15 percent by volume.
Asphaltic materials shall meet the requirements of the Item, '"Asphalts, Oils and
Emulsions".

3. Paving Mixtures.

(1) Types. The paving mixtures shall consist of a uniform mixture
of coarse aggregate, fine aggregate, and asphaltic material. The grading of
each constituent of the mineral aggregate shall be such as to produce, when
properly portioned, a mixture which, when tested in accordance with Test Method
"Volumetric Sieve Analysis of Fine and Coarse Aggregate' will conform to the
limitations for master grading given below for the type specified.

Type "AA'" (Coarse Graded Base Course): Percent
By Absolute Valume

Pagsingg2¥ Sgieverndlas . oar o sl AT R ] % 100
Pasg it E=30aT Blevgl g b hisen.coas s i T R . 95 to 100
Passing 1-3/4" sieve, retained on 7/8" sieve... 15 to 40
Passing 7/8" sieve, retained on 3/8" sieve..... 15 to 40
Passing 3/8" sieve, retained on No. 4 sieve.... 10 to 25
Passing No. 4 sieve, retained on No. 10 sieve.. 5 to 20
Total retained on No. 10 sieve.........o...u = LoSINEOTEE0)

Passing No. 10 sieve, retained on No. 40 sieve. O to 20
Passing No. 40 sieve, retained on No. 80 sieve. 3 to 15
Passing No. 80 sieve, retained on No. 200 sieve 2 to 15
JREE el e (o T2EA0) 3 FEN D St Baorat i I R ) 510 5 2o 0 to 6

The asphaltic material shall form from 7 to 14 percent of
the mixture by volume. (Absolute Volume)

Type '""BB" (Fine Graded Base or Leveling-Up Course):

Pasisimesiiiishiieve od Lo ket b oo R T - Hlok 100
PalS SN e (O IESE Ve R S faulte . 5 oote oo o5 Stetoloranoni 1[0 95 to 100
Passing 7/8'" sieve, retained on 3/8" sieve.,..... 20 to 50
Passing 3/8'" sieve, retained on No. 4 sieve...... 10 to 40
Passing No. 4 sieve, retained on No. 10 sieve.... SRAECI 825
Total retained on No. 10 sieve....... oo fof e ORI I8 5 IS feer 0]
Passing No. 10 sieve, retained on No. 40 sieve... 0 to 30
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Passing No. 40 sieve, retained on No. 80 sieve ... 4 | €6 w #9120
Passing No. 80 sieve, retained on No. 200 sieve... 31 iCo 20
Passing ‘Nop  Z0URSTHEVE]. fhr. - o oo oo LRI« e -3 oys 0 to 6

The asphaltic material shall form from 8 to 16 percent of
the mixture by volume. (Absolute Volume)

Type ''CC'"(Coarse Graded Surface Course):

Pasaing 718" |SGAREE ke o5 .. . .u i RERREEIY . covate Y h 100
Passing 5/8" sieve..... 'd_ AP ¥ ¥ AR " R S 95 to 100
Passing 5/8" sieve, retained on 3/8" sieve......... 15 to 40
Passing 3/8" sieve, retained on No. 4 sieve...... Hion L L | S35
Passing No. 4 sieve, retained on No. 10 sieve...... 10 to 30
Total retained on No. 10 sieve............ A Ehe, avio don s pone RO URSEO REMIAG)
Passing No. 10 sieve, retained on No. 40 sieve..... 0 to 30
Passing No. 40 sieve, retained on No. 80 sieve..... 4 to 25
Passing No. 80 sieve, retained on No. 200 sieve.... 3 ‘ot 25
Passing No. 200 sieve...... 8 S LT 50 o 0 D o R I O 0 to 6

The asphaltic material shall form from 8 to 16 percent of
the mixture by volume. (Absolute Volume)

Type '"CC'"(Fine Graded Surface Course): Percent by
Absolute Volume
Passing 1/2" sieve...... e, e LA IEERRR 5 TRR 100
Pasaing 3/8" sfiewedy .. ...ivn.t oo LA el pelilto. BOSLESCRII0D
Passing 3/8" sieve, retained on No. 4 sieve..... 20 to 50
Passing No. 4 sieve, retained on No. 10 sieve...... 10 to 30
Total retained on No. 10 sieve......... W, gyt S 50 to 70
Passing No. 10 sieve, retained on No. 40 sieve..... 0 *to” 30
Passing No. 40 sieve, retained on No. 80 sieve..... 45 Eo 25
Passing No. 80 sieve, retained on No. 200 sieve.... B Eot 25
Passing ‘Nojk 200/FSHEVERING . .. .4 ¢ «ror oo i ale) o3 5l 5 el 0 to 6

The asphaltic material shall form from 9 to 19 percent of the
mixture by volume. (Absolute Volume)

Type 'DD'"(Sheet Asphalt Surface Course):

Passing AN . A eiieTerud: b ciatng = b, Al Polel A oot Fowe ; 100
Passing No. 4 sieve, retained on No. 10 sieve...... 0 to 5
Passing No. 10 sieve, retained on No. 40 sieve..... 15 to 40

Passing No. 40 sieve, retained on No. 80 sieve..... 20 to 45
Passing No. 80 sieve, retained on No. 200 sieve.... 12 tc 32
Passing No. 200 sieve........ LIS & o B AR s 7 to 20

The asphaltic material shall form from 17 to 28 percent of
the mixture by volume. (Absolute Volume)

Type "EE'" Mod. (Sheet Asphalt Surface Course):

Coarse aggegates for Type "EE'" Mod. shall be curshed material or a com-
bination of slag aggregate and crushed stone. Fine aggregate shall be as
shown elsewhere in this specification.

2104.000
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The master grading for Type'"EE" Mod.
be as follows unless otherwise shown

(Sheet Asphalt Surface Course) shall
on plans:

When Crushed
Material is Used
% by Absol. Vol.

When Slag Aggr.
is Used
% by Absol. Vol.

Passing 1/2"  STevedd .o dvs - Jardy it ftsve 121,00 100
PASS ines 8/ 8% 'SHE el sors b e s onshore s tolels 95-100 95-100
Passing 3/8" sieve, retained

onsNok L4 sed:vals o e . . 15- 50 15- 50
Passing No. 4 sieve, retained

ont-No'w LO§ sileverr. s, ¢ . 10- 30 10- 30
Total Retained on No. 10 sieve...... 35- 60 50- 70
Passing No. 10 sieve, retained

on No. 40 sieve...... 15- 50 5- 30

Pagsing No'.. 200 slieve . I8 drlaais . 5 . 2- 10 2- 10
The asphaltic material shall form from 12 to 22 percent of the
mixture by volume. (Absolute Volume)

Type "FF'" (Non-Skid Surface Course):

Percent by
Absol. Vol.

RassHngma/ARl=crictraiimss s o 5 A VI 5 5 5 ¢ e P S 100
E il "L PSS N T s - ok bl 4758 4 & T b (a0 4 0 a « o s 95 to 100
Passing 1/4" sieve, retained on No. 10 sieve........ 55 to 70
Passing No. 10 sieve, retained on No. 40 sieve..... o ISR OR Eo N2l
Passing No. 40 sieve, retained on No. 80 sieve...... 3 to 12
Passing No. 80 sieve, retained on No. 200 sieve..... 2 to 10
EASSANgNe 2 N200Bea Ve s - S tlnt K i L ool o 5 ols 5ot APRIN6 1 T 6
The asphaltic material shall form from 8 to 15 percent of

the mixture by volume. (Absolute Volume)

Type "KK'" (Differential Wear Surface Course):

Passing 1/2" sieve ...... o BIETRANE T d, o 512 Turironnils o1 & oS e LT 100
Py N Ui nbe b A Ao TaT 58 GRS RS LeLE «.e 95 to 100
Passing 3/8" sieve, retained on No. 4 sieve........ 20 to 50
Passing No. 4 sieve, retained on No. 10 sieve...... 10 to 30
Total retained on No. 10 sieve......... = T BRC IR S0 e = 7Y
Passing No. 10 sieve, retained on No. 40 sieve..... 0 to 30
Passing No. 40 sieve, retained on No. 80 sieve..... i EOR25
Passing No. 80 sieve, retained on No. 200 sieve.... SLtes2b
Bagsiingf No S0 ISHEe Nt ot & pe g sk % sk e are i 0 to 6
The asphaltic material shall form from 9 to 19 percent of

the mixture by volume. (Abso

lute Volume)

Type "MM" (Requirements as shown on Plans);

The specification requirement
following:

s will be shown on the plans for the

2104.000
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Type of aggregate

Los Angeles Wear for coarse aggregate

Master grading and range of asphalt content.

Density

Stability

Number of hot bins and gradation of aggregates in each bin.

Master gradings for the types of mixtures listed above are based on the
absolute volume of the aggregate particles within the various sieve sizes and
absolute volume of the asphalt at 77 F.

The Engineer will make laboratory mix designs from samples of materials proposed
for use by the Contractor. After an acceptable mixture meeting volumetric
grading requirements is determined, the Engineer will furnish the Contractor
with proportions of each material to be used based on weight.

(2) Primer. The use of an asphalt primer, when approved by the
Engineer, will be permitted. In the event the asphalt primer is used, the
hydrocarbon volatile content of the asphaltic concrete, as determined in ac-
cordance with THD Bulletin C-14, shall not exceed 0.6 percent of the mixture
by weight. The asphalt content of the primer shall be included in the total asphalt
content of the paving mixture.

(3) Water. Water in an amount not to exceed 3 percent of the mixture by
weight as determined in accordance with THD Bulletin C-14 may be used in preparing
the mixture. 1In the event water is used in the mixing operation adequate -
measuring devices as approved by the Engineer shall be used, the water shall be
administered to the mix through an approved spray bar.

(4) Central Mixing Plants. The materials may be mixed on the job or at
some central mixing plant and shipped ready for use. Mixtures that do not remain
workable a sufficient period of time to permit proper spreading, blading and rolling
will not be acceptable.

(5) Tolerances. The Engineer shall designated the weight of each size
of aggregate and weight of asphalt which will produce an acceptable mixture
within master volumetric grading requirements.

The paving mixture produced shall not vary from the designated grading and

asphalt content by more than the tolerances allowed herein and shall remain

within the limitations of the master grading specified. The respective tolerances,
based on the percent by volume of the mixture, are listed as follows:

Percent by
Absol. Vol.
Passing 1-3/4" sieve, retained on 7/8" sieve........ ¢esee. plus or minus 5
Passing 7/8" sieve, retained on 3/8" sieve............... . plus or minus 5
Passing 5/8" sieve, retained on 3/8" sieve........c.iuniu... plus or minus 5
Passing 3/8" sieve, retained on No. 4 sieve............... plus or minus 5
Passing 1/4" sieve, retained on No. 10 sieve............. . plus or minus 5
Passing No. 4 sieve, retained on No. 10 sieve............. plus or minus 5
Total retained on No. 10 sieve....... Seralae et 5. e el «. plus or minus 5
Passing No. 10 sieve, retained on No. 40 sieve.......... .. plus or minus 3
Passing No. 40 sieve, retained on No. 80 sieve............ plus or minus 3
2104.000
10-70
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Passing No. 80 sieve, retained on No. 200 sieve......... plus or minus 3
Peeehlng Weg 200 N S R PR PR o ..plus or minus 3
EXeplaghlia IvIETEE ST LS o o S e ) S e PRSP Pt o (11 il «e.plus or minus 2.0

The type and amount of the mixture used shall be as specified on the
plans.

Should the paving mixture produced vary from the designated grading and asphalt
content by more than the above tolerances, proper changes are to be made until
it is within these tolerances.

(6) Extraction Test. Samples of the mixture when tested in accordance
with Test Method Tex-210-F shall not vary from the grading proportions of the
aggregate and the asphalt content designated by the Engineer by more than the
respective tolerances specified above. When limestone rock asphalt screening
are used, the extraction requirements related to asphalt content are waived.

(7) Sampling and Testing. It is the intent of this specification to
produce a mixture which when designed and tested in accordance with these
specifications and methods outlined in ASTM Designation D 2041 will have the
following laboratory density and stability:

Density, Percent

Min. Max. Optimum Stability, Percent
Types AA, BB, CC DD, EE, 95 99 97 Not less than 30
FF, unless otherwise

shown on plans.

Type EE Mod. 92 98 95 Not less than 30
unless otherwise
shown on plans.

Stability and density tests are control tests. If the laboratory stability

and/or density of the mixture produced has a value lower than that specified

and in the opinion of the Engineer is not due to change in source or quality b
of materials, production may proceed, and the mix shall be changed until the

laboratory stability and density equals or exceeds the specified values. 1If

there is, in theopinion of the Engineer, an apparent change in any material

from that used in the design mixtures, production will be discontinued until

a new design mixture is determined by trial mixes.

4. Equipment.

(1) Mixing Plants. Mixing plants that will not continuously produce a
mixture meeting all of the requirements of this specification will be condemned.

Mixing plants may be either the weight-batching type or the continuous mixing
type. Both types of plants shall be equipped with satisfactory conveyors, power
units, aggregate handling equipment, hot aggregate screens and bins and dust col-
lectors, and shall consist of the following essential pieces of equipment.

(a) Weight-batching Type.

Cold Aggregate Bin and Proportioning Device. The aggregate bin shall
have at least four compartments of sufficient size to store the amount of aggregate
required to keep the plant in continuous operation and of proper design to prevent

2104.000
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overflow of material of ome bin to that of another bin. The proportioning device
shall be such as will provide a uniform and continuous flow of aggregate in the
desired proportion to the dryer. Each aggregate shall be proportioned in a
separate compartment.

Dryer. The dryer shall be of the type that continually agitates the
aggregate during heating and in which the temperature can be so controlled that
aggregate will not be injured in the necessary drying and heating operations
required to obtain a mixture of the specified temperature. The burner, or com-
bination of burners, and type of fuel used shall be such that in the process of
heating the aggregate to the desired or specified temperature, no residue from the
fuel shall adhere to the heated aggregate. A recording chermometer shall be
provided which will record the temperature of the dggregate when it leaves the
dryer. The dryer shall be of sufficient size to keep the plant in continuous op-
eration.

Screening and Proportioning. The screening capacity and size of the
bins shall be sufficient to screen and store the amount of aggregate required to
properly operate the plant and keep the plant in continuous operation at full
capacity. Provisions shall be made to inable inspection forces to have easy and
safe access to the proper location on the mixing plant where representative
samples may be taken from the hot bins for testing. The aggregate shall be sep-
arated into at least four bins when producing Type "AA'", Type "BB'", and Type "CC"
mixtures; at least three bins when producing Type 'DD'"and Type "KK'" mixtures; and
at least two bins when producing Type "EE'", Type "EE" Mod., and Type "FF" mixtures.
If mineral filler is needed, an additional bin shall be provided. These bins
shall contain the following sizes of aggregates which shall be used on '"Percent
by Volume' when synthetic aggregate is used and "Percent by Weight" when other
aggregates are used:

Type '"'AA'" (Coarse Graded Base Course):

Bin No. 1 --- will contain aggregates of which 85 to 100 percent will pass
the No. 10 sieve.

Bin No. 2 --- will contian aggregates of which at least 70 percent will be
of such size as to pass the 3/8=inch sieve and be retained on
the No. 10 sieve.

Bin No. 3 --- will contain aggregates of which at least 75 percent will be
of such size as to pass the 7/8-inch sieve and be retained on
the 3/8-inch sieve.

Bin No. 4 --- will contain aggregates of which at least 75 percent will be of
such size as to pass the 2-inch sieve and be retained on the
7/8-inch sieve.

Type "BB" (Fine Graded Base or leveling-up Course):

Bin. No. 1 --- will contain aggregates of which 85 to 100 percent will pass
the No. 10 sieve.

Bin No. 2 --- will contain aggregates of which at least 70 percent will be
of such size as to pass the %" sieve and be retained on the
No. 10 sieve.

Bin No. 3 --- will contain aggregates of which at least 75 percent will be
of such size as to pass the 3/8-inch sieve and be retained on
in 0
the %' sieve. 2104 .000
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Bin No. 4 --- will contain aggregates of which at least 75 percent will be

such size as to pass the 1 inch sieve and be retained on the
3/8-inch sieve.

Type '"CC" (Coarse Graded Surface Course):

Bin No. 1
Bin No. 2
Bin''Ne!$ "3
Bin No. 4

of

will contain aggregates of which 85 to 100 percent will pass the

No. 10 sieve.

will contain aggregates of which at least 75 percent will be of
such size as to pass the %" sieve and be retained on the No. 10

sieve.

will contain aggregates of which at least 75 percent will be of

such size as to pass the 3/8" sieve and be retained on the %"
sieve.

will contain aggregates of which at least 75 percent will be
of such size as to pass the 7/8" sieve and be retained on the
3/8" sieve.

Type "DD" (Fine Graded Surface Course) and
Type "KK" (Differential Wear Surface Course):

Bin No. 1 —-- will contain aggregates of which 85 to 100 percent will pass

the No. 10 sieve.

Bin No. 2 --- will contain aggregates of which at least 70 percent will be

of such size as to pass the 4'" sieve and be retained on the
No. 10 sieve.

Bin No. 3 --- will contain aggregates of which at least 75 percent will be of

rn "

such size as to pass the %'" sieve and be retained on the %
sieve.

Type"EE'" (Sheet Asphalt Surface Course):

Bin No. 1 --- will contain aggregates of which 85 to 100 percent will pass the
No. 10 sieve.

Bin No. 2 --- will contain aggregates of which at least 70 percent will be of
such size as to pass the %" sieve and be retained on the
No. 10 sieve.

Type "FF" (Non-skid Surface Course):

Bin No. 1 --- will contain aggregates of which 85 to 100 percent will pass the
No. 10 sieve.

Bin No. 2 --- will contain aggregates of which at least 75 percent will be of

such size as to pass the 3/8" sieve and be retained on the No
10 sieve.

Aggregate Weigh Box and Batching Scales. The aggregate weigh box and

batching scales shall be of sufficient capacity to hold and weigh a complete batch
The weight box and scales shall conform to the requirements of the
Item, "Weighing and Measuring Equipment".

of aggregate.

2104.000
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Asphaltic Material Bucket and Scales. The asphaltic material bucket and
scales shall be of sufficient capacity to hold and weigh the necessary asphaltic
material for one batch. If the material is measured by weight, the bucket and
scales shall conform to the requirements of the Item,''Weighing and Measuring Equip-
ment".

If a pressure type flow meter is used to measure the asphaltic material, the re-
quirements of the Item,"Weighing and Measuring Equipment" shall apply.

Mixer. The mixer shall be of the pug mill type and shall have a capacity
of not less than 20 cubic feet in a single batch. The number of blades and the
position of same shall be such as to give a uniform and complete circulation of the
batch in the mixer. The mixer shall be equipped with an approved spray bar that
will distribute the asphaltic material quickly and uniformly throughout the mixer.
Any mixer that has a tendency to segregate the mineral aggregate or fails to secure
a thorough and uniform mixing with the asphaltic material shall not be used. This
shall be determined by mixing the standard batch for the required time, then dumping
the mixture and taking samples from its different parts. This will be tested by the
extraction test and must show that the batch is uniform throughout. All mixers shall
be provided with an automatic time lock that will lock the discharge doors of the
mixer for the required mixing period. The dump door or doors and the shaft seals
of the mixer shall be tight enough to prevent the spilling of aggregate or mixture
from the pug mill.

(b) Continuous Mixing Type.

Cold Aggregate Bin and Proportioning Device. Same as for weight-
batching type of plant.

Dryer. Same as for weight-batching type of plant.

Screening and Proportioning. Same as for weight-batching type of

plant.

Hot Aggregate Proportioning Device. The hot aggregate proportioning
device shall be so designed that when properly operated a uniform and continuous
flow of aggregate into the mixer will be maintained.

Asphaltic Material Spray Bar. The asphaltic material spray bar shall
be so designed that the asphalt will spray uniformly and continuously into the mixer.

Mixer. The mixer shall be of the pug mill continuous type and shall
have a capacity of not less than 30 C.Y. of aggregate per hour. Any mixer that has
a tendency to segregate the aggregate or fails to secure a thorough and uniform mix-
ing of the aggregate with the asphaltic material shall not be used.

Truck Scales. A set of standard platform truck scales, conforming
to the Item "Weighing and Measuring Equipment', shall be placed at a location ap-
proved by the Engineer.

(2) Asphaltic Material Heating Equipment. Asphaltic material heating equipment
shall be adequate to heat the amount of asphaltic material required to the desired
temperature. Asphaltic material may be heated by steam coils which shall be abso-
lutely tight. Direct fire heating of asphaltic materials will be permitted, pro-
vided the heater used is manufactured by a reputable concern and there is positive
circulation of the asphalt throughout the heater. Agitation with steam or air will

2194:990
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not be permitted. The heating apparatus shall be equipped with a recording ther-
mometer with a 24-hour chart that will record the temperature of the asphaltic mat-
erial when it is at the highest temperature.

(3) Spreading and Finishing Machine. The spreading and finishing machine shall
be of a type approved by the Engineer, shall be capable of producing a surface that
will meet the requirements of the typical cross section and the surface test when
required; & shall have adequate power to propel the delivery vehicles in a satisfact-
ory manner when the mixture is dumped into the finishing machine. The finishing
machine shall be equipped with a flexible spring and/or hydraulic type hitch suffici-
ent in design and capacity to maintain contact between the rear wheels of the hauling
equipment and the pusher rollers of the finishing machine while the mixture is being
unloaded.

Any vehicle which the finishing machine cannot push or propel in such a manner as to
obtain the desired lines and grades without resorting to hand finishing will not be
allowed to dump directly into the finishing machine. Vehicles of the semi-trailer
type are specifically prohibited from dumping directly into the finishing machine.
Vehicles dumping into the finishing machine shall be so designed and equipped that
unloading into the finishing machine can be mechanically and/or automatically op-
erated in such a manner that overloading the finishing machine being used cannot oc-
cur and the required lines and grades will be obtained without resorting to hand
finishing.

Dumping of the asphaltic mixture in a windrow and then placing the mixture in the
finishing machine with loading equipment will be permitted provided that the loading
equipment is constructed and operated in such manner that substantially all of the
mixture deposited on the roadbed is picked up and placed in the finishing machine
without contamination by foreign material of the mixture. The loading equipment will
be so designed and operated that the finishing machine being loaded will obtain the
required line, grade, and surface without resorting to hand finishing. Any op-
eration of the loading equipment resulting in the accumulation of material and the
subsequent shedding of this material into the asphaltic mixture will not be per-
mitted.

(4) Forms. The use of forms will not be required except where necessary to
support the edges of the pavement during rolling. If the pavement will stand
rolling without undue movement, binder twine or small rope may be used to align
the edges.

(5) Motor Graderxr. The motor grader, if used, shall be a self-propelled power
motor grader; it shall be equipped with smooth tread pneumatic tired wheels; shall
have a blade length of not less than 12 feet; shall have a wheel base of not less
than 16 feet; and shall be tight and in good operating condition and approved by
the Engineer.

(6) Pneumatic Tire Rollers. The rollers shall be an acceptable medium pneuma-
tic tire roller conforming to the requirements of the Item, "Rolling (Pneumatic
Tire)",Type B unless otherwise specified on plans.

The tire pressure of each tire shall be adjusted as directed by the Engineer and
this pressure shall not vary by more than 5 pounds per square inch.

(7) Two Axle Tandem Roller. This roller shall be an acceptable power driven
tandem roller weighing not less than 8 tons.

2104.000
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(8) Three Wheel Roller. This roller shall be an acceptable power driven three
wheel roller weighing not less than 10 tons.

(9) Three Axle Tandem Roller. This roller shall be an acceptable power driven
three axle roller weighing not less than 10 tons.

(10) Trench Roller. This roller shall be an acceptable power driven trench
roller equipped with sprinkler for keeping the wheels wet and adjustable road wheel
so that roller may be kept level during rolling. The drive wheel shall be not less
than 20 inches wide.

The roller under working conditions shall produce 325 pounds per linear inch of
roller width and be so geared that a speed of 1.8 miles per hour is obtained in low
gear.

(11) Straightedges and Templates. When directed by the Engineer, the Contract-
or shall provide acceptable 10 foot straightedges for surface testing. Satisfactory
templates shall be provided as required by the Engineer.

(12) All equipment shall be maintained in good repair and operating condition
and shall be approved by the Engineer.

5. Stockpiling, Storage, Proportioning and Mixing.

(1) Stockpiling of Aggregates. Prior to stockpiling of aggregates, the area
shall be cleaned of trash, weeds and grass and be relatively smooth. Aggregates
shall be stockpiled in such a manner as to prevent mixing of one aggregate with
another. Coarse aggregates for Types '"AA", "BB", and '"CC" shall be separated into
at least two stockpiles of different gradation, such as a large coarse aggregate,
and a small coarse aggregate stockpile and such that the grading requirements of the
specified type will be met when the piles are combined in the asphaltic mixture.

Coarse aggregates for Type "KK'" shall be separated into at least two stockpiles of
different abrasion characteristics as herein specified. The two stockpiles may be
of the same or similar gradation.

No coarse aggregate stockpile shall contain more than 20 percent by weight of material
that will pass a No. 10 sieve except as noted on the plans or provided for by special
provision. Fine aggregate stockpiles may contain small coarse aggregate in the

amount of up to 30 percent by weight; however, the coarse aggregate shall meet the
quality tests specified herein for 'Coarse Aggregates'. Suitable equipment of ac-
ceptable size shall be furnished by the Contractor to work the stockpiles and prevent
segregation of the aggregates.

(2) Storage and Heating of Asphaltic Materials. The asphaltic material storage
shall be ample to meet the requirements of the plant. Asphalts shall not be heated
to -a temperature in excess of 400 F. All equipment used in the storage and handling
of asphaltic materials shall be kept in a clean condition at all times and shall be
operated in such manner that there will be no contamination with foreign matter.

(3) Feeding and Drying of Aggregate. The feeding of various sizes of aggregate
to the dryer shall be done through the cold aggregate bin and proportioning device
in such a manner that a uniform and constant flow of materials in the required
proportions will be maintained. The aggregate shall be dried and heated to the
temperature necessary to produce a mixture having the specified temperature. In
no case shall the aggregate be introduced into the mixing unit at a temperature
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of more than 400 F.

(4) Proportioning. The proportioning of the various materials entering into
the asphaltic mixture shall be as directed by the Engineer in accordance with
these specifications. Aggregate shall be proportioned by weight using the weigh
box and batching scales herein specified when the weight-batch type of plant is
used and by volume using the hot aggregate proportioning device when the continuous
mixer type of plant is used. The asphaltic material shall be proportioned by weight
or by volume based on weight using the specified equipment.

(5) Mixing.

(a) Batch Type Mixer. In the charging of the weigh box and in the
charging of the mixer from the weigh box, such methods or devices shall be used
as are necessary to secure a uniform asphaltic mixture. In introducing the batch
into the mixer, all mineral aggregate shall be introduced first; shall be mixed
thoroughly for a period of 5 to 20 seconds, as directed, to uniformly distribute
the various sizes throughout the batch before the asphaltic material is added; the
asphaltic material shall then be added and the mixing continued for a total mixing
period of not less than 30 seconds. This mixing period may be increased, if, in -
the opinion of the Engineer, the mixture is not uniform.

(b) Continuous Type Mixer. The amount of aggregate and asphaltic
material entering the mixer and the rate of travel through the mixer shall be
so coordinated that a uniform mixture of the specified grading and asphalt content
will be produced.

(c) The mixture produced from each type of mixer shall not vary from
the specified mixture by more than the tolerances herein specified.

(d) The asphaltic mixture when placed cold shall be at a temperature
between 145 F and 275 F when dumped from the mixer. The Engineer will determine the
temperature within the above limitations that the mixture should be produced.

The asphaltic mixture when placed hot shall be at a temperature between 225 F
and 350 F when dumped from the mixer. The Engineer will determine the temperature
within the above limitations and the mixture when dumped from the mixer shall not
vary from this selected temperature more than 25 F.

6. Construction Methods. When mixture is to be placed cold, the prime coat,
tack coat or the asphaltic mixture shall not be placed when the air temperature
is below 60 F and is falling, but may be placed when the air temperature is above
50 F and rising.

When the mixture is to be placed hot, the prime coat, tack coat or the asphaltic
mixture, when placed with a spreading and finishing machine, shall not be placed
when the air temperature is below 50 F and is falling, but it may be placed when

the air temperature is above 40 F and is rising. The asphaltic mixture, when placed
with a motor grader, shall not be placed when the air temperature is below 60 F and
is falling, but may be placed when the air temperature is above 50 F and is rising.
The air temperature shall be taken in the shade away from artificial heat. It is
further provided that the prime coat, tack coat or asphaltic mixture shall be placed
only when the humidity, general weather conditions and temperature and moisture
condition of the base, in the opinion of the Engineer, are suitable.

If, where the mixture is to be placed hot, the temperature of the asphaltic mixture
of a load or any part of a load becomes 50 F or more less than the temperature
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selected by the Engineer under Article 5.(5) of this specification after being dumped
from the mixer and prior to placing, all or any part of the load may be rejected and
payment will not be made for the rejected material.

If the mixture is to be placed with a motor grader, the temperature loss will be
based on the temperature of the mixture at the time windrowing of the dumped material
with the motor grader is begun.

(1) Prime Coat. If a prime coat is required, it shall be applied and paid for as
a separate item conforming to the requirements of the Item, "Prime Coat', except the
air temperature at time of application shall be as provided above. The tack coat or
asphaltic concrete shall not be applied on a previously primed flexible base until the
primed base has completely cured to the satisfaction of the Engineer.

(2) Tack Coat. Before the asphaltic mixture is laid, the surface upon which the
tack coat is to be placed shall be cleaned thoroughly to the satisfaction of the
Engineer. The surface shall be given a uniform application of tack coat under "Asphaltic
Material" of this specification. This tack coat shall be applied, as directed by the
Engineer, with an approved sprayer at a rate not to exceed 0.10 gallon per square
yard of surface. Where the mixture will adhere to the surface on which it is to be
placed without the use of a tack coat, the tack coat may be eliminated by the Engineer.
All contact surfaces of curbs and structures and all joints shall be painted with a
thin uniform coat of the asphaltic material used for the tack coat. The tack coat shall
be rolled with a pneumatic tire roller as directed by the Engineer.

(3) Transporting Asphaltic Concrete. The asphaltic mixture, prepared as specified
above, shall be hauled to the work in tight vehicles previously cleaned of all foreign
material. The dispatching of the vehicles shall be arranged so that all material
delivered may be placed and all rolling shall be completed during daylight hours.

In cool weather or for long hauls, canvas covers and insulating of the truck bodies
may be required. The inside of the truck body may be given a light coating of oil,
if necessary, to prevent mixture from adhering to the body.

(4) Placing.

(a) Generally the asphaltic mixture shall be dumped and spread on the approved
prepared surface with the specified spreading and finishing machine, in such manner
that when properly compacted the finished pavement will be smooth, of uniform density
and will meet the requirements of the typical cross sections and the surface tests.
During the application of asphaltic material, care shall be taken to prevent splattering
of adjacent pavement, curb and gutter and structures.

(b) In placing a level-up course with the spreading and finishing machine, the
forms, binder twine or cord shall be set to line and grade established by the Engineer.
When directed by the Engineer, level-up courses shall be spread with the specified
motor grader.

(c) When the asphaltic mixture is placed in a narrow strip along the edge of an
existing pavement, or used to level up small areas of an existing pavement or placed
in small irregular areas where the use of a finishing machine is not practical, the
finishing machine may be eliminated when authorized by the Engineer, provided a
satisfactory surface can be obtained by other approved methods.

(d) Flush Structures. Adjacent to flush curbs, gutters, liners and structures,
the surface shall be finished uniformly high so that when compacted, it will be
slightly above the edge of the curb and flush structure.

2104.000
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(e) Curing Time. Where more than one course of pavement is to be placed and
the material is to be laid cold, no succeeding course shall be placed until the
preceding course has been in place for a sufficient period of time for the preceding
course to dry and cure out. The drying and curing period shall be not less than 45
days in any case, unless a variation is authorized by the Engineer in writing.

(5) Compacting.

(a) As directed by the Engineer, the pavement shall be compressed thoroughly and
uniformly with the specified rollers.

(b) Rolling with the three wheel and tandem rollers shall start longitudinally at
the sides and proceed toward the center of the pavement, overlapping on successive
trips by at least half the width of the rear wheels, unless otherwise directed by the
Engineer. Alternate trips of the roller shall be slightly different in length. On
super—elevated curves, rolling shall begin at the low side and progress toward the
high side, unless otherwise directed by the Engineer. Rolling shall be continued until
no further compression can be obtained and all roller marks are eliminated. One tandem
roller, one pneumatic roller, and at least one three wheel roller, as specified above,
shall be provided for each job. If the Contractor elects, he may substitute the three
axle tandem roller for the two axle tandem roller and/or the three wheel roller; but
in no case shall less than three rollers be in use on each job. Additional rollers
shall be provided if needed. The motion of the roller shall be slow enough at all
times to avoid displacement of the mixture. If any displacement occurs, it shall be
corrected at once by the use of rakes and of fresh mixture where required. The roller
shall not be allowed to stand on pavement which has not been fully compacted. To
prevent adhesion of the surface mixture to the roller, the wheels shall be kept
thoroughly moistened with water, but an excess of water will not be permitted. All
rollers must be in good mechanical condition. Necessary precautions shall be taken
to prevent the dropping of gasoline, oil, grease or other foreign matter on the pave-
ment, either when the rollers are in operation or when standing.

(c) Hand Tamping. The edges of the pavement along curbs, headers and similar
structures, and all places not accessible to the roller, or in such positions as
will not allow thorough compaction with the roller, shall be thoroughly compacted
with lightly oiled tamps.

{d) Rolling with the trench type roller will be required on widening areas in
trenches and other limited ares where satisfactory compaction cannot be obtained with
the three wheel and tandem rollers.

(6) Surface Tests. The surface of the pavement, after compression, shall be smooth
and true to the established line, grade and cross section and, when tested with a 10
foot straightedge placed parallel to the centerline of the roadway or by other equiva-
lent and acceptable methods, the maximum deviation shall not exceed 1/8-inch to 10
feet, except as provided herein, and any point in the surface not meeting this require-
ment shall be corrected as directed by the Engineer. When the pavement is placed on
existing surfaces, the 1/8 inch deviation in 10 feet requirement may be waived by the
Engineer.

(7) Opening to Traffic. The pavement shall be opened to traffic when directed
by the Engineer. All construction traffic allowed on the pavement shall comply with
the State laws governing traffic on highways.

If the surface ravels, it will be the Contractor's responsibility to correct this
condition at his expense.

2104.000
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7.  Measurement.

(1) Asphaltic Concrete. Asphaltic concrete will be measured separately by the
ton of 2,000 pounds of '"Asphalt'" and by the cubic yard of laboratory-compacted
"Aggregate' of the type actually used in the completed and accepted work in accordance
with plans and specifications for the project. The volume of aggregate in the com-
pacted mix shall be calculated from the measured weights of the asphaltic concrete
by the following formula:

W
62.4 (27)Ga

v

V = Cubic Yards of compacted aggregate

W = Total weight of asphaltic concrete in pounds

Ga = Average actual specific gravity of three molded specimens
as prepared by Test Method Tex-206-F and determined in
accordance with Test Method Tex-207-F.

The weight "W'", if mixing is done by a continuous mixer, will be determined by truck
scales. Weight, if mixing is done by a batch mixer, will be determined by batch
scales and records of the number of batches, batch designs and weight of asphalt and
aggregate shall be kept.

For the first day's production, the average actual specific gravity of specimens
molded during laboratory design of the mix shall be used in the volume computation
formula. For each subsequent day's production, the average actual specific gravity
of specimens molded from the previous day's production shall be used.

(2) Tack Coat. Tack coat will be measured at the point of application on the
road in gallons at the applied temperature. When gasoline and/or kerosene is added
to the cut-back asphalt for tack coat, as ordered, measurement will be made after
mixing.

8. Payment.

(1) The work performed and materials furnished as prescribed by this item and
measured as provided under "Measurement', will be paid for at the unit prices bid
for "Asphalt' and "Aggregate', of the types specified, which prices shall each be
full compensation for quarrying, furnishing all materials, freight involved; for
all heating, mixing, hauling, cleaning of the existing base course or pavement,
placing asphaltic concrete mixture, rolling and finishing; and for all manipulations,
labor, tools, equipment and incidentals necessary to complete the work, except tack
coat and prime coat when required.

(2) The tack coat, measured as provided under 'Measurement' will be paid for at
the unit price bid for "Tack Coat'", which price shall be full compensation for
furnishing, preparing, hauling and placing the asphaltic materials of the grade used;
and for all manipulations, labor, tools, equipment and incidentals necessary to
complete the work.

(3) The prime coat, performed where required, will be measured and paid for in
accordance with the provisions governing the Item, "Prime Coat'.

(4) All templates, straightedges, scales and other weighing and measuring
devices necessary for the proper construction, measuring and checking of the work
shall be furnished, operated and maintained by the Contractor at his expense.

17-17 2104.000
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APPENDIX XI. -

Accelerated Polish Test Reports



District

‘Highway

POLISH VALUE TEST

17

F.M. 46

Project No. C-49-14-2 Etc.

Data Sampled

Data Tested

Specimen
Specimen
Specimen

Specimen

o

L

>

o

Producer Young Bros.,

Pit Liocation Waco, Texzs

Aggregate Type 100% Flint

10-13-69 Lab Sample No.

10-17-69 Length of Test Period __ 9 Hrs.,
Before Polish Average
40 40 40 40 40 40
41 41 41 41 41 41

Initial value

After Polish Average
24 24 24 24 24 24
25 25 25 25 25 25

Polish Value 24.5

APPENDIX XI




POLISH VALUE TEST

Producer

Young Bros

District 17

Highway F.M. 46

Pit Location Waco,

Texas

C-490-14-2 Etc.

Aggregate Type

100% Limestone

Project No.

Data Sampled 10-13-69 ‘Lab Sample No.
Data Tested 10-17-69 Length of Test Period 9 Hrs.
Before Polish Average
Specimen 1 49 49 49 49 49 49
Specimen 2 49 49 49 49 49 49
Specimen 3
Specimen 4
Initial value 49
After Polish Average
Specimen 1 34 33 33 33 4 33 33
Specimen 2 36 35 35 35 35 35
Specimen 3
Specimen 4

Polish value

APPENDIX XI



POLISH VALUE TEST

District 17

r

Highway F.M. 46

Project No. C-49-14-2 Etc.

Data Sampled 10-13-69

Data Tested 10-17-69

Producerxr Young Bros.

Pit‘Location Waco, Texas
) 60% Lime
Aggregate Type Ty D Crse 40% Flint

Lab Sample No.

Length of Test Period 9 Hrs.

Before Polish Average
Specimen 1 52 51 51 51 51 51
Specimen 2 52 ‘ 51 51 51 51 51
Specimen 3 52 51 51 51 51 51
Specimen 4 53 52 52 52 52 52

Initial value 51

After Polish Average
Specimen 1 29 28 28 28 28 28
Specimen 2 32 31 31 31 31 31
Specimen 3 28 28 28 __28 28 28
- Specimen 4 30 29 29 29 29 . 29
Polish Vvalue , 29

APPENDIX XI



POLISH VALUE TEST

District 17

Highway F.M. 46

Project No. C-49-14-2 Etc.

Data Sampled 10-13-69

Producer _Young Bros

Pit Location

Waco,

Texas

60% Lime

Aggregate Type _Ty D Crse 40% Flint

Lab Sample No.

APPENDIX XI

Data Tested 10-17-69 Length of Test Period O Hrs.
Before Polish Average
Specimen 5 49 48 48 48 48 48
Specimen 7- 53 52 52 52 52 52
Specimen 8 50 49 49 49 49 49
Initial value 50
After Polish Average
Specimen 5 259 28 23 28 28 28
Specimen & 32 _ 31 31 31 31 31
Specimen 7 30 30 30 30 30 30
Specimen 8- 30 29 29 29 29 29
Polish Vvalue 30



POLISH VALUE TEST

District 17 Producer _ Texas Crushed Stopne
Highway F.M. 46 Pit Location __Feld, Texas
Project No. C 49-14-2 Etc, Aggregate Type Ty D T.C.S. 666
Data Sampled_ 9-22-69 Lab Sample No. -
Data Tested 9-26-69 Length of Test Period -
Before Polish . Average
Specimen 1 55 54 54 j 54 54 54
Specimen 2 55 55 55 55 55 55
Specimen 3 52 51 Sl 51 51 51
Specimen 4 53 52 52 52 52 52
Initial value 53
After Polish Average
Specimen 1 34 33 33 33 33 33
Specimen 2 33 33 32 32 32 32
Specimen 3 32 31 31 31 31 31
Specimen 4 32 31 31 31 31 31
Polish value 32

APPENDIX XI
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POLISH VALUE TEST

District 17 Producer _Texas Crushed Stone

Highway F.M. 46 Pit Location __Feld, Texas
Project No. C-46-14-2 Etc. Aggregate Type Tv'D T.C.S. 665
Data Sampled_ 9-22-69 ~  Lab Sample No. -
Data Tested 9-26-69 Length of Test Period _9 hours
Before Polish ’ Average
Specimen 1 55 54 54 54 54 54
Specimen 3 57 56 56 56 56 56
Specimen 4 55 54 54 54 54 54
Initial value 53
After Polish Average
Specimen 1 33 32 32 32 32 32
Specimen 2 33 33 32 32 32 32
Specimen 3 35 34 34 34 34 34
Specimen 4 34 33 33 33 33 33
Polish value 32

APPENDIX XI




POLISH VALUE TEST

District 17 Producer _Texas Crushed Stone
Highway F.M, 46 Pit Location __Feld, Texas
Project No. C 49-14-2 Etc. Aggregate Type _Ty'D T.C.S. 266
Data Sampled__ 9-22-69 Lab Sample No. -
Data Tested 9-26-69 Length of Test Period 9 hours
Before Polish Average
Sspecimen 1 55 55 55 55 55 55
Specimen 2 55 55 55 55 55 95
Specimen 3 54 53 53 53 53 53
Specimen 4 56 55 55 55 55 55
Initial value 54
After Polish Average
Specimen 1 34 33 33 33 33 33
Specimen 2 34 33 33 33 33 33
Speqimen 3 35 34 34 34 34 34
Specimen 4 34 33 33 33 33 33
Polish Vvalue 33

APPENDIX XI



APPENDIX XII.
Laboratory Design Reports

1969 Project



“ Pexns Highway bepurt\nent

Korm d76A

Laboratory No, __Below

848069 167.25M

- SOILS AND WASE MATERIALS TrST REPORT

C 49-14-2, etc.

Date Rec’d . 9-11-69  Reported

9-26-69 _

Control Number Scction Number Job Nu

Robertson, etc.

mber

FM 46,etc.

Engineer W. J. Byford

Address Bryan, Texas County Federal Project No. Hirhway No.

Contractor Young Bros.Inc. Contrs. 17 9-11-69

Sampler Charlie Young District No. 1.P.E. No. Redq. No. Date Sampled
1961.000

Specification Item No.

Sampler’s Title
Sampled From

Various Waco Area pitsMaterial from Property of

Producer. Young Bros.

Quantity Represented by Sample
Has been Used on

Proposed for Use ag _Hot Mix

Asphaltic Concrete Pavemsr:

Lab. No. LL PI SL LS SR Class ool
Specificatiougs Max., 6 ] Unit
Wear tation| Weight
17-69-1135 22 3 88.6
17-69-1136 1 1 112.9
17-69~1145 30 .66
PERCENT RETAIIVED ON
Square Mcsh Sleve Grain Dizn, N
Lab No. Openiug in Inchen Sieve Numbers in Millimetery |Speetfic
T “|Gravity
3 23, 2 1% 1 1Y% % % % 4 10 20 40 G0 106 | 200 | .05 | .005 | .001
17-69-1135 0 3114 | 30 [56
SAMPLE IDENYTIFICATION
Lab. No. Identification Marks Locatlon—-—-}’rope‘rlles—»Stnuon Numbers Type of Materiils
17-69-1135 Needhan Pit Field Sand
17-69-1136 Young Bros, Concrete Sand
17-69-1145 Young Bros. Crushed Stone
Tested in District 17 Laboratory
y: Ron Vosls, Chas. McCulloch
On: 9-16,25-69
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i, Texan mghwu Department
~ Form 54d

" ASPHALTIC-CONCRETE STABIHTY REPORT

nO CHARGE

A ~ Laboratory No.
: Date Received 922409
I Dist. or Res. Engr

R3-69-1064 thru R3-62-1063

g et Beported 220

I’.r:yan

Sampler’s Title

¥ 2818, Fl4G, cte. |

: Address Young Bros, Toc, CONEEs. C-2851-1-15, PD 0186 C-4%-14-2, PD 0177, etc
Contractor Control N Secl N Job No.
Sampler C. Young ontrol No. ool No.
- Brazos, Robertson,etc.

Sample d fro_m Stockpiles 4t source Couaty Federal I'roject No. Hwy. No.
(Desjgn Specimeon, Car, Truck, Plant, Road) 17* _ Laded
Aspha] t Producer An?gr . Pat. District No. Req. No, Date S8ampled
Type Aj("' 1,0 . Specification Item No. 1961

Ager. Producer Cr.Stone & Conc. Sand~ . v

Younz Lros. Stencil No. 1261-000,7-69 Type D

Fiold Sondeiieedhian

Wico arca

REQUESTED DETERMINATION NO. 3555(=)

E Laboratory Spece. | Identification
5 No. No. Marks
| R3-69-1064] 1 | 17~69-H4AC
' 2
3
R3-~9-1065 1 f
2
| 3
1 R3-69-1066 1 "
% 2
| 3
| R3~69-1067| 1 s
( 2
{ 3
i R3=69-1063 L »
‘ 2
v 3
\
|
| D«9 Remjirks: |Hveem stab
ja

Statlion
No.

23

Asphalt %
by volume

8.26

9.38=

10.48.

11.56

12.63

Llity valuds meet req

voem St

Asphalt Specimen It. | Spec. Density Hveem Stab. I
(% by Wt.) n.) (Fiold) (%) %) (Avg. %
3.5 2.04 -= 93,3 43 L4
2,03 42
2.03 ' 44
4,5 2.02 == 96,1 45 45
2,02 45
2.02 45
5.0 . | 2,04 - 96,7 42 " 43
2.03 43
2.03 43
5.5 2,02 we 98.3 40 42
2.G0 43
2.01 b4
irements flor this prpject. 1.
!
|_ .
H ,
\ \ i
| 'v
Vometaoer o oo o v
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OLD METHOD'S TEST RESULTS BY ASPHALT CONTENT

TABLE NO., III

Asphalt Content

Hveem Density

Hveem Stability

(Avg. of 3) (Avg. of 3)
3.5 94,2 44
4,0 95.4 45
4.5 96.9 45
¢+ 5.0 97.9 43
5.5 99.3 42
- TABLE NO. IV
NEW METHOD'S TEST RESULTS BY ASPHALT CONTENT
Asphalt Content Hveem Density Hveem Stability
(% by vol.) (% by vol.) (Avg. of 3)
Specs, 9 to 19 95’to 99 not less than 30
8.26 93.3 44
9.38 . 94.6 45
10.48 '96.1 45
«11.56 96.7 43
12,63 98.3 42

Charts and graphs are attached giving gradation of aggregates used, asphalt
content by weight and volume and Hveem Specimen density by weight and volume.
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TEXAS HIGHWAY DEPARTMENT
DISTRICT 17 LABORATORY
BRYAN, TEXAS
October 2, 1969

Robertson Co., etc. ' k ’ C 49-14-2,etc,

The District 17 Laboratory has completed a design for Item 1961.000,"Hot Mix
Asphaltic Concrete Pavement'"(Volumetric Design), to be used on various jobs

in the 1969 Level-Up project. This design used 2.5 parts crushed limestone
aggregate, TCS # 665 Type D, from Texas Crushed Stone Company &t Feld, Texas,
3.3 parts crushed limestoue aggregate # 266, Type F, from Texas Crushed Stone
at Feld, Texas, 2.1 parts concrete sand from Tevss Crs-had Srone Company ot
Feld, Texas, and 2.1 parts field sand from theSantanna Vit wnear Austin. Lab-
oratory testing was made under laboratery identirication nuwber 17-69-HMAC-24,

The laboratory design grading and speocifications ave shown on the attached
form entitled "Aggregate Blending Tabulation'.

The Specifications require thai the asphealt meierial shall form from 9 to 19
percent of the wmixture by volume (Absolute). . All specimens were mdde within these
limits. .

TARLE WO, ¥
SPECI¥FIC GRAVIYTY

o

Size ! .Crushéd Cravel Cruched Gravel Concrete Field
Sieve (Type D) o (type F) ___Sand Sand
A2 - 10— 2345
3/8 - 10 2.424
T4 -0 0 T 2.575
- —— 40" 780 T T 2.609
80 - 200 . 2.746 2.664
- _H”ﬁété?wiitr éﬁggific gravity of the cowbined agpregate is 2.483
.2, American Petrofina AC-10 asphalt was used in this design. TIts
specific gravity is 1,019,
e " TABLE NO, II
PROPORTIONING OF MATERIALS
Crushed Limestone Crushed Limestone Limastone Santanna  Pit
T.C.S. # 665 T.C.S. # 266 Concrete Sand Field Sand

25% 33% 21% 21%

APPENDIX XIT
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" ASPHALTIC~ONCRETE STABITY REPORT

CHARGE $24 00

T Laboratory No. - 69-6566-H thru 69-6569~1

Date Received —o—>- "ngtel}{g%oﬁedw et
wrre o~ Dist. or Res. Engr BEVAR
égr?::::tor Yousg-Bros, TOCCOREES,  C-2051-1-15, PD 0186 C-49-14~2, PD 0177, etc
: Sampl Clrariie Young Control No. Sect. No. Job No.
AmpIer .— COOrERCTOT Brazos, Rober