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DESIGN AND CONSTRUCTION OF
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SPECIFICATIONS

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 specificationé also requifed a polish test for coarse
aggregate. One project has been completed and a contract has been
awarded on the second project, but no work had begun at the time
this report was prepared. Comments, observations, conclusions, and
recommendations are based on the experience gained with these two
projects. This report contains a description of the factors
considered in preparation of the specifications, an analysis of
bids received on the two projects, 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.



DESIGN AND CONSTRUCTION OF
ASPHALTIC CONCRETE PAVEMENT
USING VOLUMETRIC DESIGN
SPECIFICATIONS

Introduction

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

continuing prbgram of maintenance and improvement of the

highway sysfem. These overlays have proved to be effective

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

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.

The work on the 1969 Project has been completed. Bids have been
received on the 1970 Project and an award made to the low bidder;
however, at the time of preparation of this report, actual
construction work has not begun. For these prcjects, new

|
specifications were drafted. This was done in an attempt to
achieve a goal of a pavement with good surface drainage
characteristics and skid resistance, making maximum utilization
of aggregates which are readily available. This report covers
the preparation of plans and specifications for the two projects
and experience gained during construction of the work included in
the 1969 contract. Results of skid tests on completed 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. qu 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 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: v
(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)

(3)

(4)

(5)

(6)

)

(8)

The specification should be written to allow the
contractor a maximum degree of latitude in selecting
materials,

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

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

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

Field measurement for pay quantities should be simplified
as much as possible to facilitate keeping of job records.
The time and effort required for job control testing
should not be greatly increased over that required for
current specifications.

The specification should be specific enough in regard

to types of material required so the éontractor would
have sufficient information to pfepare his bids with g

reasonable degree of certainity.



(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.

Measurement and Payment

In the initial consideration of a new hot mix asphaltic concrete
specification, it became evident that measurement and payment based
on volume of mix produced would be an equitable method of measurement
and payment. 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 pavement. This is due to the fact
that plan rates were based on an assumed unit weight of paving
material which might be considerably different from the unit weight
of material actually produced. The variationms in unit weight are a
direct result of variations in specific gravity of aggregates from
different sources. Natural aggregates have varying specific
gravities and it would be advisable to consider changes in methods

of measurement and payment for these aggregates so that payment
would be based upon volume of completed pavement produced regardless
of the unit weight of the particular aggregates the contractor
elected to use. When lightweight or synthetic aggregates are
considered, the problems involved in measuring and paying for

material by weight are greatly increased.



On projects where synthetic aggregates had been specified and
payment was based upon weight, it was necessary to specify a
minimum percentage of the total aggregate to be composed of
synthetic aggregates. As a result, most 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 aégregates, 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.

Consideration was given to a measurement and payment 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; however, 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.



The method finally selected was in accordance with recommendations
made by the Highway Design Division and Statewide Specification
Committee. The basis of measurement was the unit weights of the
laboratory specimens’molded for 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 1aborétory 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:

v = W
62.4 (27)Ga
v = Cubic Yards of compacted aggregate

=
]

Total weight of asphaltic concrete in pounds
G = 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 concrete 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 compacted mix until 1007% is exceeded. - As the intent
of the specification is to produce a mix with less than 100%
laboratory density, this formula is valid within the range of
densities to be produced under the specification. The first
impression réceived 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.

Mix Proportioning

After the method of measurement and payment had been determined, it
was apparent that the body éf the specification should contain
limits for master gradation of the aggregate and asphalt content

on a volume basis. Asphaltic concrete pavement mix design 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 relationships. In practice,
experienced engineeré and inspectors make a visual judgment of
pavement texture based upon the apparent proportions of aggregate
particles of each size visible in the pavement surface. This is
definitely a jﬁdgment of volume of aggregate particles of each size,
and the weight of the aggregate particles has no bearing on this
evaluation. The basic purpose of specifying a range of gradation

and asphalt content for a bituminous mixture is to establish limits
which have been proved through experience to produce the desired end
product. In previous asphaltic concrete specifications, these
specification 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 in that specific gravity
of the various aggregate sizes may vary, but the variation in natural
aggregates is not critical to the degree that a satisfactory 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. It is logical 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.
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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 iﬁ the mix and therefore, for natural aggregates of
uniform specific gravity, also expressed 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 particles of a particular
size were removed from a satisfactory mix and replaced by an equal
volume of aggregate particles with similar shape, size and
absorptive qualities, but with considerably higher or lower
specific gravity, the characteristics of the total mix would not be
significantly altered.

Aggregate Requirements

Past experience 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.
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In general, the cost at the source would be higher for the synthetic
aggregates than natural aggregates; however, for projects located a
consideréble distance from the source, the saving on freight due to
the lighter weight of the synthetic aggregates would tend to offset
the higher cost at the source so that they could be furnished at the
project site for about the same cost as natural aggregates. The
specification allowing the use of natural aggregates, synthetic
aggregates or combinations of natural and synthetic materials
appeared 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
patterned after specifications in current usage. It was necessary
to make minor changes in wording throughout the specification so
that all requirements 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 mixtures is given ih Construction Manual
C-14. The methods outlined in this manual were not directly
applicable to a volumetric design; however, the format of Manual
C-14 was followed to prepare a design procedure for the volumetric

design specification. This procedure included the determination

-12-



of bulk specific gravity of synthetic aggregates in accordance with
a test method developed by J. S. Bryant and described 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 is 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 speéification 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 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.

The new specification included requirements for aggregate
proportioning 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
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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 sub-
merging 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.

The specification was interpreted to mean that aggregate from each

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

-14-




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 ﬁhat
would retain ;he 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, thé 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 com-
pleted 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. 1In 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 I. For convenience in keeping of project records,

each individual project was identified by a reference number.
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1969 DISTRICT LEVEL UP
PROJECT C-49-14-2, Etc.

REF.
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1 FM 2818 SH 21 SE to FM 2513

2 FM 975 SH 21 South

3 SH 90 8th St. in Navasota
to Navasota River Br.

4 Us 190 SH 90 West

5 Uus 190 SH 90 East

6 FM 1786 US 79 South

7 FM 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
FIGURE 1
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“ The specifications for this project included:

Special Specification 1961, Hot Mix Asphaltic Concrete

Design of Bituminous Mixtures (Volumetric Design)

Pavement (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.

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. CcY Aggr 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

i 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 ASHLAND OIL AND REFINING COMPANY

3 GAYLORD CONSTRUCTION COMPANY

$298,389.20

$323,644.16
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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.

Discussion wiéh 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:

(1) 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.

(2) 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.

(3) The work would be started late in the asphalt season,
and it could be anticipated that delays would be -
experienced due to unfavorable weather conditions.

(4) The contractors were totally unfamiliar with a
volumetric specification and had ﬁo 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.



(5

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 was incorporated in
the asphaltic concrete specifications rather than as a
special provision to Item No. 6 as on the previous

project.
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%) The polish value requirement was raised to a minimum
value of 34 in order to secure aggregates with slightly
better polish resistance than thosevwhich 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 II.
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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 II



Bid Analysis

Bids were received on the 1970 contract in November, 1970. Six 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 received is shown in Table II.




—EZ-

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) The 1970 project included a greater quantity of material
and fewer construction sites which tended to decrease
the unit cost of production.

(2) Several other projects had been let in the State with
measurement and payment based upon volume. These
projecés 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.

3) Bidders were more familiar with the volumetric design
concept than they had been when bids were received on
the 1969 project.

(4) 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. Also, 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,
rélieved 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. All preliminary tests performed on the synthetic
aggregate proposed for use have indicated that it has a polish

value in the mid forty range which is highly desirable.
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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 specification 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 concrete is economically competitive with the alternate

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 plants. These were permanent or semi-
permanent plan£s 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 hampered 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 III. This table shows the plant used, the individual
project where pavement 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 tgsting. 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.
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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 other aggregate quality tests

and prelimina;y 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 Stomne

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 409 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 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 feriod 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., TIf 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
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 as Appendix XII. Job control
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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 inspectibn 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
specification as under the procedures as specified in Construction
Manual C-14. One indication of the amount of time and effort
required 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
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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 experience 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.

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, Construction, 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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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 tests being made
in October, 1970. The results of the October tests are shown in
Appendix XIII, 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
construction; however, it was also noted that there was a
considerable variation in coefficients friction between sites and
between sections of pavement constructed on different dates. A
portion 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) Soqrce of asphalt

(4) 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.
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Skid tests made on a newly constructed pavement measure the
coefficients of friction of the surface which consists of a

matrix of fine aggregate and asphalt. The size and shape of the
fine agéregate 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 aggrégate 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 aggregate begin to affect the coefficients 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 XIV correlating change in
coefficient of friction and traffic applications. For most projects,
there has been little significant change in friction values over
the period in which tests have been made. However, it is noticed
that from project No. 10 - SH 36 - Washington County, the skid
tests made in October, 1970, indicated a considerable reduction in
coefficient of friction from earlier tests. This would 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 21470 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 inspéction'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 densely 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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CONCLUSIONS

Several conclusions may be drawn from the experiences on the two

projects covered in this report.

(1) The volumetric specification for asphaltic concrete

pavement is a workable approach to design of asphaltic

concrete pavements.

(2) 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 t

and effort.

ime

(3) Satisfactory bid prices can be realized on projects

utilizing the volumetric design specification if the

specification requirements are adequately explained

to prospective bidders.

(4) The volumetric specification is a method of encouraging

the use of synthetic aggregates and makes these aggregates

economically competitive with natural aggregates.

(5) The polish test requirement for coarse aggregate has

little, if any, effect on the coefficient of friction

of the newly completed pavement.

(6) 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



™)

(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
depéndent 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 procedures
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 ena 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
judgement to produce the best possible end result

within the specifications.



RECOMMENDAT IONS

Based upon the projects considered in this report, the following

recommendations are made:

1

(2)

3)

@)

€))

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
Cohcrete Project be considered as satisfactory for
general use and be made available throughout the

Highway Department for use by other Districts, as
desired.

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.

The volumetric method of measurement and payment for
asphaltic concrete pavement is an equitable method of
payment and should be adopted as general practice.
Additional studies should be made to determine the
effect of construction practices and job control on

the coefficient of friction of the completed pavement.
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 master gradation and other
specification limits can be refined to more nearly

insure the production of the desired end result.



(6)

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.
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APPENDIX I.

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



g TEXAS HIGHWAY DEPARTMENT
SPECTAL SPECIFICATION

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 herein specified and in accordance

with the details shown on the plans.

2. Materials.

(1) Mineral Agpregate. 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 sub-
mitted iIn 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 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 amorphor 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.

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 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 exceceds
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 IT)
will be as shown on the plans.

Tests performed as specified herein shall represent material processad
or placed until a subsequent test is performed,

1961 .000
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i

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 "I"
(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 bc 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-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 subjected to the Los Angeles Abrasion Test.
Also, the abrasion of the two different materlals 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 par-
ticles retained on the No. 4 sieve shall have more than one crushed face.

The requirement for the Los Angeles Abraslon 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.

(b) Fine Aggregate. The fine aggregate shall be that part of
the aggregate passing the No. 10 sieve and shall consist of sand or
sgreenings 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.

¥=23

1961.000
7-69



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

Passing the 3/8" sievVe .v.vevsvevess 100% by weight
Passing the No. 200 sieve .v..eoveeee 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 .....cvecesses. 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 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 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 1s 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 require-
ments of the Item, "Asphalts, Oils and Emulsions."
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Type "A" (Coarse Graded Base Course)s

Type

4
- Passing No. 80 sieve, retained on No. 200 sieve .. 3 to
0

By Absolute

Paneios 2 SleVE sisosasssseovesosbabasnbnssonbtnsr

Pasaing 2=3/0Y SLEVE vt edvescesvurabis s nanhRE i ot
Passing 1-3/4" sieve, retained on 7/8" sieve ..... 15 to
Passing 7/8" sieve, 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 .... 5 to
Total retained on No. 10 sieve .ececescsssvrecees. 065 to

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 sieve .. 2 to
Pasaine s NoLE 200 RS8NV Joric e vive s v ens oolosiois s sisees: QUG

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

Ry (Fine Graded Base or Leveling-Up Course):

AT BV El el Siewun i as nis o ke SE R R R

R en At B R oV ' Sk sn o b0 55 i wy i s sekintunda dot Q9
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 sleve, retained on No. 10 sieve .... L)
Total retained on No. 10 .816Ve ,vievrurasswesonsess IICED
Passing No. 10 sieve, retained on No. 40 sieve ... O to
Passing No. 40 sieve, retained on No. 80 sieve ... to

Passing NO OO N BTeVE St ils o v s v e vvvinaioenesnsbicnes to

The asphaltic material shall form from 8 to 16 percent

" the mixture by volume. (Absolute Volume)

Type

nou (Coarsé Graded Surface Course):

Rasming A R R avil L e vey ey v e s ae e e

Passing 5/8" sieve .eeevevn. e b e e e i SO B EVE o
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
Total retained on No. 10 B1EVE Leiecsessasnwavvesn 9D to
Passing No. 10 sleve, retained on No. 40 sieve ... O to
Passing No. 40 sieve, retained on No. 80 sieve ... 4 to
Passing No. 80 sieve, retained on No. 200 sieve .. S aes,
PaRalngt NoL 200 0LeVe i v essssnanine oy sunilessnis 0 to

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

Volume

100
100
40
40
25
20
80
20
L5
5
6

of

100
100
50
40
25
70

&l
=

20
20
6

of

100

100
40
35
30
T
30
25
25

of
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Percent by

Type "D" (Fine Graded Surface Course): Absolute Volume
Passing 1/2" sieve v.eveececesvrecccosesvcnrccsonnve 100
Passing 3/8" sleve coeveenccvnovossveans L st e e it 95 SR D

Passing 3/8" sieve, retained on No. 4 sleve ........ 20 to 50
Passing No. 4 sieve, retained on No. 10 sleve ...... 10 to .30
Total retained on No. 10 sieve ..vveecvcccnvee e s HUREG R Q)

Passing No. 10 sleve, retained on No. 40 sieve ..... 0 to 30
Passing No. 40 sieve, retalned on No. 80 sieve ..... .4 to 25
Passing No. 80 sieve, retained on No. 200 sieve .... - 5 108 o ol 745

0l to. ®

Passing No. 200 slevVe ..vesvevecvessavoavrccsoocnnss

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

Type "E" (Sheet Asphalt Surface Course):

Passing No. & sieve ....... AR R T e S R 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 sileve, retained on No. 2000 sleve. Saan L2 B0 B2
Passing No. 200 SIEVE veevevescresnevacsacvenesevsee 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 com-
bination of slag aggregate and crushed stone. Fine aggregate shall be as

shown elsewhere in this specification.

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 1s Used
7 by Absol. Vol. % by Absol. Vol.
Paselya Ll e s v se« 55 an PR 100 100
Passing 3/8" Sieve..... Tt Sl L 95-100 95-100
Passing 3/8" sieve, retained
on ' No. "4 sieve .. .« eses 15- 50 15- 50
Passing No. 4 sieve, retained
on No. 10 sieve....... 10- 30 10- 30
Total Retained on No. 10 sieve...... 35- 60 50- 70
Passing No. 10 sieve, retained .
on No. 40 sieve..... a2 O () 5- 30
Passing No., 200 sleve..veveeveveenos 2=:10 2- 10

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

Type "F" (Non-skid Surface Course): - "Absol. Vol.
o B PR ST R AR R 0 | S I -+ 100
PR g L B ETC. v v st ve visis b NG ka0 5 e 100
Passing 1/4" siecve, retained on No. 10 sieve v.... 55 to 70
Passing No. 10 sieve, retaincd on No. 40 sieve ... 0 to ‘25
Passing No. 40 sieve, retained on No. 80 sieve ... 3 o iy
Passing No. 80 sieve, retalned on No. 200 sieve-.. 2 [Eo 10
P ami g o SO0 ERONE . L0 00 v i v ov's o v imn x5 o ety i 0to 6

The asphaltic material shall form from 8 to 15 percent of
the mixture by volume. (Absolute Volume) 5

Type "K" (Differential Wear Surface Course):

T e R e s B 100
Panadug AP adieve’ L i e ae s s s s e et OB Es 300
Passing 3/8" sieve, retained on No. 4 sieve ...... 200t 0S50
Passing No. 4 sieve, retained on No. 10 sieve .... 10 to 30
Total ‘retained on No. 10 S18Ve ... .vehiveensesnti 50 to 70

Passing No. 10 sieve, retained on No. 40 sieve ... 0 to 30
Passing No. 40 sieve, rectained on No. 80 sieve ... 4 to 25
Passing No. 80 sieve, retained on No. 200 sieve .. 3 to 25

: 0 to' 56

T T TS T o S S AR e (Sl

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

Type "M" (Requirements as shoun 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 based on the
absolute volume of the aggregate particles within the varjous siéve sizes
and absolute volume of the asphalt at 77° ¥.

The sngineer will make laboratory mix designs from samples of materials
proposed for use bv the Contractor. Mix 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 Aneineer will furnish the Contractor with
proportions of each material to be used based on weight.

(2) Tolerances.  The Engineer shall designate 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 spccified. The
respective tolerances, based on the percent by volume of the mixture,
are listed as follows:

1961.000
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Yercent by

= . " Absol. Vol.
Passing 1-3/4" sleve, rctained on 7/8" sieve .......... plus or minus 5
Passing 7/8" sieve, retained on 3/8" sieve v..cevvevsee Plus or minus 5
Passing 5/8" sieve, retained on 3/8" sieve .evieevese.. plus or minus 5
Passing 3/8" sicve, wetained on No, 4 sieve ........... plus or minus 5
Passing 1/4" sieve, retained on No. 10 sieve .......... plus or minus 5
Passing No. 4 sleve, retained on No. 10 sieve ......... plus or minus 5
fotal ‘rotained on Mo, 10 slede «isirsesnsscsnvrsnssaves Plusaromings 5
Passing No. 10 sieve, retained on No. 40 sileve ......., plus or minus 3
Passlng No. 40 sieve, retained on No. 80 sieve ........ plus or minus 3
Passing No. 80 sieve, retained on No. 200 sieve ....... plus or minus 3
Fagcing Mo, 200 6I0VE b ecnsvrrs s s wnbsnsssssssns sy s JHEHe OLAEEIE 3
0.5

BEphall MABerial § volve siave sms sapapassnsms srie somsdsy sy (DErc ORI B

The type and amount of the mixture used shall be as specificd 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 wmzde until it is within these tolerances.

(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.

(4) Srwpling and Testing. It is the intent of this specification to
produce a wixture which when designed and tested in accordance with these
speciiicationsand methods outlined in ASTM D-2041-64T will have the
following leboratory density and stability:

Density, Percent

Min. Max. Optimun Stability, Percent
Types Ly B, C, B, T, FTK 95 99 97 Not less than 30
T .unless otherwise
shown on plans,
Type ¥ Mod. 92 98 -95 -Not less than 30

unless otherwise
shown on plans.

Stabllity and density tests are control tests. If the laboratory stability
and/or density of the mixture produced has a value lower than that speci-
fied, aad in the opinion of the Engineer is not due to change in source or
quality of materdals, production may proceced, and the mix shall be changed
until the laboratory stability and density equals or exceeds the specified
valuzg, JIf there is, in the opinion of the Engineer, an apponent change

in any material from that used in the design mixtures, production will Le

discontinuved until a new design milxture is determined by trizl mixes.
1961.000
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4. ZYEquipment.
(1) Mixing Plants. Mixing plants that will not continuously produce

a mixture meeting all of the requilrements of this specification will be
condemned,

Mixing plants may be elther the weight-batching type or the continuous
mixing type. Both types of plants shall be equipped with satisfactory
conveyors, power units, agpgregate 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 sufficilent 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 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
agltates the aggregate during heating and in which the temperature can be
so controlled that aggregate will mot be injured in the necessary drying
and heating operations required to obtaln a mixture of the specified
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 specificd temperature, no 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 en-
able 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 into 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" mixturcs; and at least twc bins
when producing Type "E", Type "E" Mod., and Type "F'" mixtures. If mineral
filler 1s nceded, an additional bin shall be provided. These bins shall
contain the following slzes 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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1 Type |IA|I

Bin

Bin

Bin

(Coarse Graded Base Course):

No.

No.

No.

1

2

3

£ Bin No. 4

Ty‘pe HBH

Bin

Bin

Bin

Bin

(Fine

No.

No.

No.

No.

1

2

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 3/8-inch sileve and be retained on the
No. 10 sieve.

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

will contaln aggregates of which at least 75
percent by weight will be of such size as to
pass the 2-inch sileve and be retalned on the

7/8-1inch sieve.

Graded Base or Leveling-up Course):

--- will contain aggregates of which 85 to 100

percent by weilght will pass the No. 10 sieve.

will contain aggregates of which at lecast 70
percent by welght 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 welght will be of such size as to
pass the 3/8-inch sieve and be retained on the
1/4" sieve.

wlll contaln aggregates of which at least 75
percent by weight will be of such size as io
pass the 1 inch sleve and be retained on the
3/8-1inch sieve.

s 1961 .000
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Type

Type
Type

Type

"C" (Coarse Graded Surface Course):

Bin No. 1

Bin No. 2

Bin No,., 3

Bin No. 4

-

will contain 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.

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

Bin No. 1 --- will 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 70

percent by weight will be of such size as to
pass the 1/4" sieve and be retained on the
No. 10 sieve.

Bin No, 3 --- wlll contain aggregates of which at least 75 _ F

percent by weight will be of such size as to

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

"E" (Sheet Asphalt Surface Course):

Bin No. 1 --- will 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 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 --- will 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 weilght will be of such size as to
pass the 3/8" sieve and be retained on the
No. 10 sieve.

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

Agpgregate 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 1s measured
by weight, the bucket and scales shall conform to the requirew=znts of the

Item, "Weighing and Measuring Equipment,"

If a pressure type flow meter is used to measure the asphaltic material,
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 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 bateh 1s 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
welght-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
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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 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 hour.
Any mixer that has a tendency to segregate the aggregate or fails 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 ltem, "Weighing and Measuring Equipment," shall be
placed at a location approved by the Engineer.

(2) Asphaltic Material Heating Fquipment. 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
steam coils which shall be absolutely tight. Direct fire heating of
asphaltic materials will be permitted, provided the heater used is man-
ufactured by a reputable concern and there is positive circulation of the
asphalt throughout the heater. 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 it 1s 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
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 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 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 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.

14-21 : 1961.000
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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 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 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 graderj 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 feetj 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 welghing 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
ad justable 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 acceptable 10 foot straightedges for surface
testing. Satisfactory templates shall be provided as required by the
Engilneer.
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(12) All equipment shall be maintained in good repailr and operating
condition and shall be approved by the Engilneer,

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 HAN..
"', 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 specilfied type
will be met when the piles are combined in the asphaltic mixture.

Coarse aggregates for Type "g" 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 tham 20 percent by weight
of material that will pass a No. 10 sieve except as moted on the plans or
provided for by special provision. Fine aggregate stockplles may contain
small coarse aggregate in the amount of up to 30 percent by welghts however,
the coarse aggregate shall meet the quality tests specified herein ok
"goarse Aggregates'. Suitable 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 Materlals. 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 dome 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. Tn no case shall the aggregate be
{ntroduced into the mixing unit at a temperature of more than 400° F.

(4) Proportioning. The proportioning of the various materilals

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
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 materilal shall be proportioned by weight or by volume based on
weight using the specified equipment. ’

1961.000
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(5) Mixing.

(a) Batch Type Mixer. In the charging of the weight box and in
the charging of the mixer from the weight box, such mecthods 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 perlod of 5 to 20
seconds, as directed, to uniformly distribute the various sizes throughout
the batch before-the asphaltic material is added; the asphaltic matexial
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 opinion of the Enginecer, the mixture 1s 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 specilfied grading
and asphalt content will be produced.

(e) The mixture produced from each type of mixer shall not vary
from the specifjed mixture by wore than the tolerances herein specified.

i (d) The asphaltic mixture shall be at a tewmperature between
2257 F. and 350° ¥. when dumped from the mixer. The Engincer will de-
termine 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 asphaltilc
mixture when placed with a spreading and finishing machine, shall not be
placed when the ailr temperature is below 50° F. and is falling, but it
nay be placed when the alr temperature is above 40° F. and is rising,
The asphaltic mixture when placed with a motor grader, shall not be placed
vwhen the ailr temperature is below 60° F. and is falling, but may be placed
when the air temperature 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 opinlon of the Engincer, are
sultable.

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

(1) Prime Coat. If a prime coat Is recquired, it shall be applicd
and paid for as a separvate jtem conforming to the requirements of the
ITtem, "Prime Coat', except the air temperature 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.

1961.000
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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 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 of 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 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 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, pre-
pared as specified above, shall be hauled to the work in tight vehicles
previously cleaned of all foreign material. 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) 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) 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 Enginecr. When directed by the Engineer, level-up courses
shall be spread with the specified motor grader.

(c) VWhen 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
exlsting pavement or placed in small irregular areas where the use of a
finishing machine 1s 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, th: pavement shall be com-
pressed thoroughly and uniformly with the spceiiied rollers.

(b) Rolling with the three vheel and tandem rollers shall start
longitudinally at the sides and procced towesd the center of the pavement,
overlapping on successive trips by al least nalf the width of the rear
wheels, unless otherwlse directed by thc En >, Alternate trips of
the roller shall be slightly differcut i~ lenzth. On super-elevated
curves, rolling shall begin at the lcw cide and progress toward the high
side, unless otherwise directed by the fngivcer. Rolling with pneumatic
roller shall be done as directed by ilic ¥nginzzr. Relling shall be
continued until no further compression can be chtained and all roller
marks are eliminated. One tandem roller, one pnecumatic roller, and at
least one three wheel roller, as specifiad shove, shall be provided for
each job. If the Contractor elects, bhe may subsiitute the three axle
tandem roller for the two axle tanden roller aad/or the three wheel roller;
but in no case shall less than three wollers bz in use on each job.
Additional rollers shall be provided .I ueedrd. The motion of the roller
shall be slow enough at all timcs te ovoid displacement of the mixture,

If any displacement occurs, it shali b ted at once by the use of
rakes and of fresh mixture where vequloed. ‘fthe voller shall not be allowed
to stand on pavement which has not beew fullv cowpacted. To prevent ad-
hesion of the surface mixture to the roller, the wheels shall be kept
thoroughly moistened with water, but un eciceus of water will not be per-
mitted, All rollers must be in good nachanical condition. Necessary
precautions shall be taken to prevent i droypping of gasoline, oil,

grease or other foreign matter on the pevenent, either when the rollers
are in operation or when standing.

Y
-
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(c) Hand Tamping. The edoss of the pavement along curbs, headers
and similar structures, and all placcs »ot ac.oossible to the roller, or in
such positions as will not allow theiovth cewpaction with the roller, shall

be thoroughly compacted with lightly ciled tewnps.

(d) Rolling with the trenclh iype voller will be required on
widening areas in trenches and other 1: 1
paction cannot be obtained with the ihwez wheel and tandem rollers.

(6) Surface Tests. The surface of the pavement, after compression,
shall be smooth and true to the cstub 51
and, when tested witha 10 foot straightodze placed parallel to the center-
line of the roadway or by other equivaler acceptable methods, the max-
imum deviation shall not exceed 1/8-i1 feet, except as provided
herein, and any point in the surfuace net meeting this requirement
shall be corrected as dirccted by the Enginecr. When the pavement is
placed on existing surfaces, the 1/8 inch deviation in 10 feet requirement
may be waived by the Engineer.

.
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(7) Opening to Traffic. The pavemcnt shall be opened to traffic
when directed by the Engincer. All construction traffic allowed on the
pavement shall comply with the Statec 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 accordance 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 formila: :

Vv =_____"1__._..._.
62.4 (27)Ga

V = Cubic Yards of compacted aggregate
W = Total weight of asphaltic concrete in pounds
G4 = 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.

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 specific gravity of spccimens molded
during laboratory design of the mix shall be used in the volume computation
formula. For each 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 application
on the road in gallons at the applied tempcrature. 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 measured as provided under "Measurement", will be paid for at the
unit prices bid for "Asphalt" and MAggregate', 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 exlisting base course or pavement, placing asphaltic concrete mixture,
rolling and finishing; and for all manipulations, labor, tools, equipuent
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.

| - 1961.000
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APPENDIX IT.

Design of Bituminous Mixtures (Volumetric Design)



DESIGN OF BITUMINOUS MIXTURES
(VOLUMETRIC DESIGN)

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 specification 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 Method
Tex-200-F. '

3. Determine the sieve analysis as outlined in Test Method Tex-200-F
using the sieve sizes as set forth in the specifications for the type mix
desired, and 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
method. 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 Aggregates.' 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 sieve 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 allcwable range set forth in the specifications. However,
"economy and ratio of production of the aggregate are factoérs 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
basls 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 procedure outlined under "Typical Application of Procedure."
In the event the assumed combination is at any point outside the specified

7-69
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grading limitations or, in the opinion of the Engineer, too close to
these limits for consistent acceptable plant production, other com-
binations will be tried.

6. After the design gradation has been selected, the necessary
asphalt content must be determined which will enable the mixture to satisfy
the density (percent compaction), stability values specified and other
requirements of the governing specification. Unless previous experience
with these aggregates justifies the use of a smaller asphalt range, the
method for selecting 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.

2-12
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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 sheet, Form "Aggregate Blending Tabulation.'" (Analysis sheet
- must reflect percentages passing a specified sieve size and retained 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 fractlon percentages in each column 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 dan accurate analysis of the specified grade fractions,
whereas weight measurements are required for accurate batching
procedures. .

3-12
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The theoretical blending of 4 parts of gynthetic 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
as follows:' - : i :

A - Synthetic Aggregate = 66.6%
B - Limestone 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 s 16, 7% % 6200 X 2od e =2 8020 Tibay

C .- Field Sand = 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 = 28.4%
C - Field Sand = 27.40 -+ 99,28 =i 275605

Typical sieve analysis of actual blends of synthetic aggregates and
natural aggregates are not suitable for field tests and control of the
specified grade fractions. Typical gradation analyses are distorted by
the weight measurements of the grade fractions of materials having different
specific gravities. A volumetric analysis of the various grade fractions
must be used for a control test. X

8. After a satisfactory proportioning of the aggregates has been
determined, the total mix including asphalt must be determined. The
spectfied range ~of "asphalt content “is based on-volume-relationships-as
the weight 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. This will indicate if the aggregate gradation will
remain in the master grading as the asphalt content is varied from the

.lower to the upper limits of the specification

9. The volumes of aggregate and asphalt may be converted to weights
for convenilence ir mezasurement in making trial mixes,

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

Average Specific Gravity: T ng 3

: - tos T 271 t 263

= 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

‘ -6
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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 obtained from the
above tests.

Percent Average Percent Average Percent

Asphalt Denslty Stability
5,0 92.0 \ L4

10.0 I8 : 45

11240 96.1 40

14.0 s : h 29

16.0 98.3 16

12. To obtain the optimum asphalt content for the design, the above
test values are plotted on a sheet of graph paper with the specimen density
and stability on the vertical axils and pecrcent 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 the
sheet from the point at which the density curve intersects the 97% 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 volume and
the expected laboratory stability of this mixture would be 33%. The

above procedure 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 volume as shown in
paragraph 7.

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

In oxrder 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 feed the proportions of aggregates

from each stockpile as determined in the design procedures. The gradation
of the combined aggregates from the hot bins must be checked to determine

9-12
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APPENDIX IIT.

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

Aggregates"






A NEW METHOD OF TEST

The purpose of this research was to devise a simple,
reliable method of test that would determine values of
absorption, rate of absorption, and specific gravities for
both fine and coarse fractions of lightweight aggregates.

The Theory

It was necessary to devise a method of test which:

did not require handling of the sample or obtaining a
saturated, surface-dry condition physically in the sam.
ple, and alse one which would dctermine 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 water 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 method 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 defined in the Standard Definitions of Terms
Relating to Specific Gravity (ASTM Designation: E 12)
of the American Society for Testing Materials.

Apparatus. The apparatus shall consist of the fol-
lowing:
(a) Balance—A balance having a capacity of 3

kilograms or more and a sensitivity of 0.1 gram or less,

(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. Approximately 400 grams of the aggre-
gate shall be sclected b(i’ 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
bg: conducted in an environment temperature of 72 -

K

(b) The sample shall be 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
weiglit determined to the nearest 0.1 gram,

(¢) After weighing, the sample shall be 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 {ill the jar and cap completely. The jar with sarmple

PAGE 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 therealter, 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 counstant volume is maintained hefore 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 weight 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 represented by i, t, ts, . . , t, and
the weights of total water corresponding to those inter-
vals are represented by wy, wa, ws, . . . Wi, 4 curve can
be plotted with time as the abscisca and total water as
the ordinate. This curve should be extended to a minj-
mum time of 60 seconds. 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

— E RUBBER GASKET

MASON JAR

J

Fig. 4-1. Pyenometer Botile Used in Tests,
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Fig. 4-2. Examplc Data Plot of Total Water Absorbed

Versus Time of Immersion.

the sample. Assuming that the volume of the sample
remains constant, then the amount of {ree water is con-
stant through the test. The volume of free water can
then be calculated by dividing the weight of free 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
free waler 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 freec water from the total
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Fig. 4-3. Example Absorption-Ttme 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 pletted on rectangular coordinate graph
paper and a smooth curve drawn through these points
to establish the rate of absorplion.

Bulk: Spca;/fc 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  Speccific Gravity (Saturated Surface-Dry).
The bulk speeific gravily on a saturated, surlace-dry
basis at any time, t, shall be caleulated by dividing the
sum of the oven-dry weight of the sample and the weight
of absorbed water at time, {, by the bulk volume of the

water at that time.

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 1660.0 ¥
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 " 2.2 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 " A 1.3
9:28 60 2861.3 1665.4 " 6.4 1.6
9:58 90 2863.5 1668.6 " 8.6 2.2
10:28 120 2864.1 1669.2 " 9.2 2.3
3/3 15:00 1110 2872.1 ILGRE, " 17.2 4.3
3/4 8:15 2 days 2876.8 1681.9 " 21.9 5.5
3/5 8:17 3 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 7.4
3/12 8:10 10 2884.8 1689.9 " 29.9 1.5
3/15 8:40 L8 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 " 86.1 9.0
3/23 8:12 21 2888.8 1693.9 " 83.9 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 " 45.1 113

SED
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Fig. 4-4. Example Absorption-Time Curve.

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. :
4.2 Concrete Mix Design Dala

The mix design data for concrete mixes employed
in this study are given in Table 4-3.
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TABLY 4-3. CONCRETE MIX DESIGN DATA

Coarsce Concrete

Aggregate Batch Cement PERCENT ABRSOLUTIE 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 33.17 2.5 3V 118.8
R1 3R 4.6 8.2 208 34.9 31.7 4.3 4 114.4
9 4F' TR 4.9 8.7 19.0 33.1 33.8 5.4 3 113.2
R2 5I"TR 4.9 8.7 18.7 33.0 33. 6.0 3% 115.1
C1 5C 4.7 8.4 22.8 35.1 AT 2.0 4%, 115.7
C1 3 TC 4.7 8.3 21.0 34.3 32.1 4.3 3% 117.6
1 4¥TC 4.7 8.4 20.2 34.4 32.2 4.8 4 115.2
E1 510 4.6 8.2 200 36.8 31.8 2.1 3% 118.0
¥4 5102 4.7 Br3 20.2 37.2 32.3 2.0 41 128.0
N4 513 4.9 8.7 22.0 33.7 33.6 2.4 3 118.2
14 RN 0! 4.7 8.3 17.6 36.0 32.2 5.9 4% e A
4 4FTE 4.7 8.3 17.1 37.4 32.2 5.0 3 120.8
E6 5I'T IS 4.6 8.2 16.6 37.1 32.1 6.0 3% TLTA
S1 ~ 58S 4.9 8.6 23.6 32.7 33.2 129 4% 126.8
S1 3FT'S 4.9 8.7 20.7 31.7 33.6 5.3 3 116.8
S1 4TS 4.9 8.7 21.0 324 33.6 4.3 3% 118.0
S3 5FTS 5.0 8.8 20.3 32.6 33.8 4.5 3% 118.2
D1 5D 4.9 8.7 22.9 35.5 30.9 2.0 44 118.4
D1 3¥TD 5.0 9.0 18.9 354 31.9 4.8 314 113.6
D1 : AFTD 4.9 8.7 19.2 36.2 31.1 4.8 3% 115.2
D2 5FTD 5.0 8.9 17.8 36.7 31.6 5.0 3% 116.1

PAGE FIFTEEN
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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 procedure for the determination of the
particle size distribution by volume of fine and coarse aggregate samples,
using sieves with square openings. 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 is not fluxed from aggregate. Remove sample from oven and allow to
cool to room temperature.

7-69
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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 each aggregate size as a portion of the total
mix including asphalt. The design percent of asphalt (by volume) is
subtracted from 100% 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.
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VOLUMETRIC Sl ”. ANALYSIS

WORK Shiz
Date 5-5-&95 ‘S'ample No. 3 ___ Design No. #= 2
Time_ 7275 . Type O Sfcmon No. /578 +#Q0O
Spec. Iiem Project__ C 723 ~#-5

% Of Aggregaie In Total Mix 90.0 (100 % — % Asphalt)

Initial Reading Of Liquid Level 1500 ml.
| d 3 4 5
Aggregate Size Reading of Liquid Volurme of Volume  of Volume of
Leve! After Addition Aggregate ml s Aggregcte Aggregate
of Aggregale ml. © 9, of Total % of Total
R G PR
+ 5 /500 . @ O
% - /635 /35 2.5 <
35 - 2795 1/ GO S8 3
A - /0 o o Y TS i Z25. N
+ /O 355 2045 . T &GO
10O ~HO 3885 3L P ¥4 S /O
J0o -80O Z/60 iite) 2 8 S S
s | sy T Zos .8 &
=200 A500 1 B5 .5 A
Total 3000
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APPENDIX V.

Addendum to Test Method Tex-210-F



ADDENDUM TO
TEST METHOD TEX-210-F

DETERMINATION OF ASPHALT CONTENT
OF BITUMINOUS MIXTURES
BY EXIRACTION

Scope: Thils 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 vclumetric
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 is 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 7 ide B

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 VI.

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 MEITHOD FOR COARSE
AGGREGATE USED IN PAVEMENT SURFACES

This test method describes procedures for determining a
ive measure of the extent to which different types of
te 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:

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

N

(2) The state of polish reached by each sample is
ieasured by a British Portable Tester and cxpresseq
as the "polish value".

Appearatus:

1. Accelerated Polishing Machine:

An accelerabeo 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 balow to be clamped on the periph-

ery so as to form a continuous surface of stone
particles, 3/4 inches wide and 16 inches in diameter.

B. A mcans of rotating the road wheel about its own axis
at a speced 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 be on the stone
surface of the road wheel witn a total loao of 88 * one
pound. The tire shell be an industrial 8 x 2 pneumatic
£ ply smooth hand truck tirxe, treated, if necessary, to
obtain a true running surface. The tire shall be in-
flated to a pressure of 45 plus or minus 2 pounds per

7-69
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sguare 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. Be-
fore 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.

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.

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:
number of accurately machine metal molds. for preparing specimens of

A

the dimensions specified in No. 4 - "Preparation of Test Specimen".
3. British Portable Tester:
, The British Portable Tester used shall conform to ASTM

Designation 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.

C. The rubber which is bonded to the slider shall conform

toa l/4 byl by 1l 1/2 inch dimension.
D. The rubber shall meet the reguirements as specified in

7-69 -
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E. The zero adjustment shall be checked before testing the
imens and after testing the specimens and

fourteen sp
s the operator deemsinecessSary .

as often a

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

Fh

4., A supply o
the specimen

&

disposable cups and stirring rods for use in molding

0

Materials

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

Sand: A supply of fine
es r

sand for sifting.in the aggregate
o the placement of

the polyester bonding agent.

ri-

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

icon Carbicde Grit: A supply of silicon carbide grit (150 grit
usec as the polishing agent.

A
=
&=

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.

-

Test Recoxd rForms: Recoxrd test data on an appropriate work sheet.

Test Control: Four spacially selected specimens shall be used for
control and only these four spacimens shall be used. The specimens
shall ke selected from those vhich have been previously polished for
10 nhours conforming to the procedure herein established. The friction
value (as cdetermined froa the EBritish Portable Tester) of the specimens
sheall ke in the following ranges:
Control Ssecimen 31 - 10-20 Control Specimen #3 - 30-4
Control Specimen #2 - 20-30 Control Specimen 4 - 40-55

7-69
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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 found with the control specimens.

Preparation of Test Specimens:

1. The aggregate to be tested should pass the 1/2 inch sieve
and be retained on the #4 sieve.

2y Ag@regate shall be clean and free of dust.

3. 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.

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

7. Weigh thé polyester resin and catalyst into a disposable
cup, add the resin to the catalyst and mix thoroughly.
A nmixture of 0.5 to 0.75 grams 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.

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

10. The nm is then left until the polyester has stiffened

Ty €0 'be strucn off accurately, level with the

ides of the mold.

s then left in the mold for 3-4 hours to
ent hardening of the polyester in order
imen may be rbnoved from the mold.

4-5
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APPENDIX VII.

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



TEXAS HIGHWAY DEPARTMENT
SPECTAL 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.

C. 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.

B, 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.
2% 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 poclyester.

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

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

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.

Test Record Forms: Record test data on an appropriate work sheet.
Test Control: Four specially-selected specimens shall be used for control and

2-4 000--5493
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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:

1 The aggregate to be tested should pass the 3/8-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 specimen shall consist of a single layer of particles and cover an

area of 3.5" x I 75

9. 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/ to 1/2 of the aggregate depth.

7 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.

S The prepared mold is then 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.

1481 The mold is then left until the polyester has stiffened sufficiently to
be struck off accurately, level with the curved sides of the mold.

1k 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.

125 The excess sand is removed from the face of the specimen.

135 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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TEXAS HIGHWAY DEPARTMENT
SPECIAL PROVISION
TO
ITEM 330

COLD MIX LIMESTONE ROCK ASPHALT PAVEMENT
(Class A)

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

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
Special 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:
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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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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 previouslty 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 grcent. 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 I1I, 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....... e e 100% by weight
Passing the No. 200 sieve....o..... 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:

Bas singeiNe. .30 SaiieBRe il ofs s 'srd i s s ke o 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 determired by the Engineer and shall
meet the requirements of the Item, '"Asphalts, oils an. 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 keroseme. 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.

(1) _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

o) o LR A T R T R TR NP I G 100
Passing 1-3/4" sieve....oveueves b e LT <. 95 to 100
Passing }-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 ..... YOSt 1525
Passing No. 4 sieve, retained on No. 10 sieve ... Sito 20
Total retained on No, '10'sidve ' e.iii.o. . iiian 65 to 80
Passing No. 10 sieve, retained on No. 40 sieve... 0 to 20
Passing No. 40 sieve, retained on No. 80 sieve... J-to,. 15
Passing No. 80 sieve, retained on No. 200 sieve.. RAR ee I A ]
BASESInE N0 o 200 B Ve e st s s eee e i isl e mate IR 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):

Pagging 1" sieve....ci.nviuas Rt e 5 5 45 100
Feusing 1/ 8 e v s e el e a e ROME A S s e 95 to 100
Passing 7/8" sieve, retained on 3/8" sieve...... 20 to 50
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.ec:cror.oinssoses DD M0

Passing No. 10 sieve, retained on No. 40 sieve.. 0 ta 30
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Passing No. 40 sieve, retained on No. 80 sieve... 4 to 20
Passing No. 80 sieve, retained on No. 200 sieve.. 3 to 20
Pagsdng No.5 200 S1eVelf st Navints 10 e b i o o0 istamivisie s 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):

Bassimos 7/ 8L 'STEVE s din Pt itaats o aisteis o anidacs o ahe s s S 100
Radeyino=td B Isiaya: , sy JoaE e Ntk S U Ty vl . 95 to 100
Passing 5/8" sieve, retained on 3/8" sieve....... SRR 7 o )
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. 1O 8HENME, . L . 0ii cuiginiemosts s .« 507t . 70
Passing No. 10 sieve, retained on No. 40 sieve... 0.:to .30
Passing No. 40 sieve, retained on No. 80 sieve.... 4 3F0 25
Passing No. 80 sieve, retained on No. 200 sieve.. 3 ko *25
RSB NO.. ' 200 B e s Wb e & st o he et nTes o tai oIS TE s o 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
Pafatng 120 slewe. Uit we Bh < Fis s —min peteiel e .
Rassing P81 sievent i s on S A e 95 to 100
Passing 3/8" sieve, retained on No. 4 sieve...... 208 Eo'ias
Passing No. 4 sieve, retained on No. 10 sieve.... 10 to 30
Total retained on No. 10 sieve...c..vveueeeennn. . 50 to 70
Passing No. 10 sieve, retained on No. 40 sieve... 0 to 30
Passing No. 40 sieve, retained on No. 80 sieve... 4oto . 25
Passing No. 80 sieve, retained on No. 200 sieve.. SISEORIE 25
Pagsing No, 200 siave, s, 8x Thith ot v us s i gaie s 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):

Pasising No. 4 slene o e s s o oioiari & leio s ol o 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
Raseing No. 2005 sie Ve b imiatids Sl e s e b e 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.

2103.000
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The master grading for Type "E'" Mod. (Sheet Asphalt Svrface 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" Sieve.isoisceceeoccsse SOSRISRIERE |1 100
Pagaing 3/8'Y (SLEVE st o elriainion s oessis idees  195=100 95-100
Passing 3/8" sieve, retained
on Now 4 s1eve..o.scavscns vl 15850 15- 50
Passing No. 4 sieve, retained
on No. 10 sieve.eevee..... 10- 30 10- 30
Total Retained on No. 10 sieve.......... 35- 60 50- 70
Passing No. 10 sieve, retained
on Noe &0 gleve . . cvove s 15- 50 5- 30
Passing 'No. "200isleves sl ¢ vl et ottt 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

Passing 3/8"Y gleve. ..t ionuis AR S ey G e & ? 100
Pagsing L/4" BieVe c.eivssonsooresssas i el b 5 SR eralR it 020 95 to 100
Passing 1/4" sieve, retained on No. 10 sieve.............. 55 €070
Passing No. 10 sieve, retained on No. 40 sieve......... 0 O 4to s 25
Passing No. 40 sieve, retained on No. 80 sieve......cc.... B o o g 1
Passing No. 80 sieve, retained on No. 200 sieve........... 2 to ' 10
Pagedng NokL 20058 ievecdda oy Sotis s s RS LA e 0 to 6

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

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

Paserno el s e SUEREEEENIES Ll S D o515 e e R R 100
Pasging: 3787 SIeVe s e e/suiavnee vsssesons SRR R L 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........ o S o TR S 50 to 70
Passing No. 10 sieve, retained on No. 40 sieve......... o's 0 to 30
Passing No. 40 sieve, retained on No. 80 sieve.......... < 4 to. 125
Passing No. 80 sieve, retained on No. 200 sieve.......... St 25
Passing No. 200 sieve,..... ST e ok e alons 01s 8 Tl s S A TN CR T O 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.........cc0uun.nn plus or minus 5
Passing 5/8" sieve, retained on 3/8" gieve.. . i... .. 0 uda 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
Tatal vetained on NO . LOEGHEVE R v.: uwies v uian sros bromese o s v araliohrsas 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
Passing No. 80 sieve, retained on No. 200 sieve............. plus or minus 3
Rar S N o~ 2 O R i e v S o B A St bl o an L on B o B Pt o plus or minus 3
Agphiallit Mate £ iAo 3 & R i il da arse) Sotial v s sbupard ot S S 8 Ll i R e o 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 99 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. If 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
compar tment.

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, gnd 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-

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

Bin No. & --- 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.

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
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

11-17



while the mixture is being uhloaded.

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. i

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) TIwo 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 tonms.

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

(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
2103.000
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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.
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(5) Mixing.

(a) Batch Typc Mixer. In the charging of the weigh 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 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.

(¢) 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) 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 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 ghall 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, trolling 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 chall 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 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= %.% @nea

V = Cubic Yards of compacted aggregate

W = Total weight of asphaltic concrete in pounds

Ga = Average actual specific gravity of three mold spécimens

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 6f
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 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 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)

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
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.

25 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 ctherwise 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.
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The plasticity index of that part of the fine . ggregate
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.
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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:

Passing ithe 3781 radione i, & iiv. fsim- b vt A 100% by weight
Pagsing the:'Noi' 20058 HENE =i i S At 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
pitirun.

(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:

Passine No 850 iSiievessraiisdd MitL, 5000 X o aiires 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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1070
3-17



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 bv volume.
Asphaltic materials shall meet the requirements of the Item, '"Asphalts, 0Oils 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.

Percent
By Absolute Valume

Type "AA" (Coarse Graded Base Course):

D (e A o 2 s e S P P e P e 100
Passing 1-3/4" sieve..c..ovvnn..n. - X C e 195 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 S1ieVe.....cosvssinoe AL T ol - )
Passing No. 10 sieve, retained on No. 40 sieve. 0 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
Pasging No 200 0usdexeita, Shlin ¥ o i dviam vl ayend 0 to 6

The asphaltic material shall form

the mixture by volume.

from 7 to 14 percent of
(Absolute Volume)

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

Paggfng sl Mesiewe s oo al Bi BRI L. R R s 100
Passing 7/8" sieve......cv.iu.. PR EIRMESIART 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.... S EONEZD
Total sretained oh Not 10 'STEWE . vt vius'vies o slaiiosnnis L ERESOEDA S O
Passing No. 10 sieve, retained on No. 40 sieve... Oite’ 30
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Passing No. 40 sieve, retained on No. 80 sieve ... 4 to 20
Passing No. 80 sieve, retained on No. 200 sieve... SFCeTy el
Passiyg! Not Z005euniene s i By or f S e s e e o 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):

ERRGInE TR SRaVaREs SAE S L a s st S ek this & A K5 100
Pagoing 578" Bleadd. .l wivis' s RO s b 05 o R
Passing 5/8" sieve, retained on 3/8" sieve........ « 15 Eo gl
Passing 3/8" sieve, retained on No. 4 sieve....... AR 01 o)
Passing No. 4 sieve, retained on No. 10 sieve...... 10 to 30
Total retained on No. 10 sieve.....coiveeenerveonses 50 to 70
Passing No. 10 sieve, retained on No. 40 sieve..... 0 to 30
Passing No. 40 sieve, retained on No. 80 sieve..... 450 = 25
Passing No. 80 sieve, retained on No. 200 sieve.... 35 EQ .25
Passing No. 200 sieve.......... A G e e e SR b 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
Pasisiingh L/ 0 o il et o «uatele SHer ohanedatohel sfeuat's LRI e 100
Ralssing 8781 o anrerstaysit: | | R fu sl riedinat il echs ok 2 . 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.....oviieevereieenns 50iitio. » 70
Passing No. 10 sieve, retained on No. 40 sieve..... 0 to 30
Passing No. 40 sieve, retained on No. 80 sieve..... 4 to 125
Passing No. 80 sieve, retained on No. 200 sieve.... 3T Eorie2s
Paglsing Noix ' 200 Bleve e s aes Thil. 5 e S pe o o 08 po 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 iNow. J4shileue mrate o it U, Lol d ) ot e fa s 5 100
Passing No. 4 sieve, retained on No. 10 sieve...... 0 to 3
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
P/ais/s i1 gaiNG 200 NE 1SNV TR AT Y. i 3% o5 & s s e o b e e 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. (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. Veol. % by Absol. Vol.
Pagaing 172 Sleve.icivh casnos inan - YOD 100
Passing 3/8" Sieve........c.uss eessee 95-100 95-100
Passing 3/8" sieve, retained
on No. 4 seive.v..ss... 15=- 50 15- 50
Passing No. 4 sieve, retained
on No. 10 sieve....... 10- 30 10- 30
Total Retained on No. 10 sieve...... 35- 60 50- 70
Passing No. 10 sieve, retained
on No. 40 sieve..eo.. 15= 50 5- 30
Passing No. 200 sieve.......cc.cevne 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.
Baasing ITBI BBV 5. i o i kAT s s ey 100
PagBing 1/4" gleve . cotescssvenvnasvacnansans F e A 95 to 100
Passing 1/4" sieve, retained on No. 10 sieve........ 55 to 70
Passing No. 10 sieve, retained on No. 40 sieve,..... 0 to 25
Passing No. 40 sieve, retained on No. 80 sieve...... 3 to 12
Passing No. 80 sieve, retained on No. 200 sieve..... 2 to 10
Passing No. 200 SBieVe.:...cosetesivotssosannannssnmas i to 6

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

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

Pagatng 1 /2" steve . il e e dale s v s daes Y aen ae 100
EaR s iR 3 B S TR v T s e s s e s s e el 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" eot 30
Total retained on No. 10 sieve.s:vicoceerrencronnes 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'ter <25
Pageing Now 200 BTEVE s5v s clele v vimisre ol aisias oo b oo s oions 0 to 6

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

Type '"MM" (Requirements as shown on Plans);

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

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. In 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.......... «ee. plus or minus 5
Passing 7/8" sieve, retained on 3/8" sieve..........iuu... plus or minus 5
Passing 5/8'" sieve, retained on 3/8" sieve................ 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
Totalfretained’ oANNO A OBMBIENE . N i s e hl SEL R Do 6 . ol s ««. 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
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Passing No. 80 sieve, retained on No. 200 sieve....... «..plus or minus 3
has e e BNO e OOEBITENE o o5 oy o o s siaha sl s o os dis a bin bisielstetn it iy os «.plus or minus 3
sy A n e M 6 e s S e O R eRe p F s Ssiy 5 7 ++.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. ngimum Stability, Percent
Types AA, BB, CC DD, EE, 95 98 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
of materials, production may proceed, and the mix shall be changed until the
laboratory stability and density equals or exceeds the specified values. If
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 Ageregate 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 one 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 aggregaté 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 aggregate 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
the %" sieve. 2104.000
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Bin NJ. 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 'CC" (Coarse Graded 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 %" 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" sieve and be retained on the %"
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 "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 %" 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 %" 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
of aggregate. The weight box and scales shall conform to the requirements of the .
Item, "Weighing and Measuring Equipment'.

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
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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 twinme 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 pneuma-
tic tire roller conforming to the requirements of the Item, '"Rolling (Pneumatic
Tire)",Type B unless otherwise specified on planms.

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 & toms.

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 tomns.

(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 v
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 firstj; 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 3
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 2
of a load or any part of a load becomes 50 F or more less than the temperature
2104.000



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
V= 62.4 (27)G4
Vv = 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.

157=1"7 2104.000
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POLISH VALUE TEST

Producer

District 17

‘Highway F.M. 46

Aggregate Type

Project No. C-49-14-2 Etc.

Data Sampled 10-13-69

Lab Sample No.

Young Bros.

Pit Liocation Waco,

100% Flint

Data Tested 10-17-69 Length of Test Period 9O Hrs.
Before Polish Average
Specimen 1 40 40 40 . 40 40
Specimen 2 41 41 41 41 41
Specimen 3
Specimen 4
Initial Vvalue
After Polish Average
Specimen 1 24 24 24 24 24
Specimen 2 25 25 25 25 25 25
Specimen 3
Specimen 4
Polish Vvalue 24.5
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District

Highway

Project No.
Data Sampled

Data Tested

Specimen
Specimen
Specimen

Specimen

Specimen
Specimen

2cimen

€3]
rhj

cimen

w
o
M

POLISH VALUE TEST

17

F.M.,

46

N

w

C-49-14-2 Etc.

Producex

Pit Location

Aggregate Type

Young Bros

Waco,

100% Limestone

10-13-69 ‘Lab sample No.

10-17-69 Length of Test Period 9 Hrs.
Before Polish Average
49 49 49 49 49 49
49 49 49 49 __49 49

Initial value 49

After Polish Average
34 33 33 33 . 33 33
35 35 35 35

36 35

Polish value
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POLISH VALUE TEST

APPENDIX XI

District 17 producer Young Bros.
Highway F.M. 46 Pit.Location Waco, Texas
' 60% Lime
Project No. C~49-14-2 Etc. Aggregate Type Ty D Crse 40% Flint
Data Sampled 10-13-69 Lab Sample No.
Data Tested 10-17-69 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 22
Initial value 5]
After Polish Average
Specimen 1 29 28 28 23 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 value 29



POLISH VALUE TEST

District 17 ' Producer _Young Bros
Highway ' .F.M. 46 | ‘ Pit Location __Waco, Texas
, ‘ 4 ’ 60% Lime
"Project No. C-49-14-2 Etc. Aggregate Type _Ty D Crse 40% Flint
Data Sampled 10-13-69 | Lab Sample No.
Data Testéd lO—lf—6§ Length of Tes£ Period O Hrs.
Before Polish Average
Specimen 5 49 48 48 48 48 48
Specimen 6~ 50 . 49 49 49 49 49
Specimen 7- 53 52 52 52 52 52
Specimen 8 50 49 49 49 49 49
Initial Vvalue 50
After Polish Average
Specimen 5 .29 28 28 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
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POLISH VALUE TEST

District 17 Producer Texas Crushed Stone

F.M. 46 Pit Location Feld, Texas

Highway

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 54 54 84
Specimen 2 55 55 55 55 55 55
Specimen 3 52 51 51 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 3L
Polish value 32
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POLISH VALUE TEST

District 17 Producer _Texas Crushed Stome

Highway F.M. 46 Pit Location ___Feld, Texas
‘Project No. C-46-14-2 Etc. Aggregate Type Ty'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 2 51 50 50 50 50 50
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
Spec¢imen 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
specimen 1 55 55 55 55 55 55
Specimen 2 55 55 55 55 55 55
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 o 33 33
N
Specimen 3 35 34 34 34 \34 34
Specimen 4 34 33 33 33 33 33
Polish value 33

APPENDIX XI
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Frat" 7 Mexnn Mighway Department $48080.167-26M
1

‘ll‘o\jm,d‘{o.i
b e v N ) -
SOILS AND WASE MATERIALS TesST REPORT
. Laboratory No. . Below C 49-14-2, etc. .
Date Rec’d 9-11_-;69 Reported 9~26-69 Control Number Scction Number Job Number
Engineer W. J. Byford Robertson, etc. FM 46,etc.
: Address Bryan, Texas County Federal Project No. Highway No.

Contractor Young Bros.Inc. Contrs, 117 9-11-69
Sampler Charlie Young District No. 1.P.E. No. Regq. No. Date Sampled

: Sampler’s Title __  Specification Item No. 1961 .000

Sampled From Various Waco Area pits Material from Property of
Producer. Youns Bros, ;
Quantity Represented by Sample ‘ - - .
Has been Used on Proposed for Use as Hot Mix Asphaltic Concrete Pavemern:

Lab. No. LL i | .sL LS SR Class Soil

Binder ;\’\"»‘LB‘:'XZC ’Z_B
Specifications Max. 6 | L. A. Decan~ | Unit
‘ Wear tation| Weight

17-69-1135 22 3 86. 6
) 17-69-1136 1 1 112.9
17-69~1145 30 .66

PERCENT RETAINED O

™roran -

Square Mesh Sleve Grafn Dizx.
Lab No. Opening in Inches Sleve Numbers ir{j{nllnmteruﬂ_ Specific
Gravity
3 2% 2 1% | 1% % % % 4 10 20 40 60 100 | 200 | .05 |.005 | .001
. 17-69-1135 .1 0 3114 |30 |56
SAMPLE IDENTIFICATION
Lab. No. Identification Marks Location—Properties—Station Numbers Type of Materials
17-69-1135 Needhan Pit Field Sand
17-69-1136 Young Bros, Concrete Sand
17-69-1145 Young Bros, Crushed Stone
) Tested im Diptrict 17 Laboratory
: y: Ron Vosjs, Chas. McCulloc¢h
| On: 9-16,25469
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ASPHALTIC\CONCRETE STABILITY REPORT

NO CHAR&L:

Laboratory No._ R3-69-1064 thru R3-69-1068

Ua22«09 Ju23-09
Date Received ?atgylzeg J-ted

Dist. or Res. Engr

C~-2351-1~15, PD 0186 C-/0«14-2, PD 0177, etc

Bxyan
Address SLyar
Contractor éougguﬁrm. Inc,. Contrs,
Sampler . ng

Control No.
Brazos, Robertson,etc.

Sect. No.

Job No.

i

¥ 27 18 ¥t l’ﬂ,(’tCo :

Sampler’s Title

Sampled from Stockpiles 4t source County FBederal P’roject No. Hwy. No.
o (Design Specimen, Car, Truck, Plant, Road) 17# ""_‘
Asphal t Producer ﬁgﬂ‘; 6 Pet. District No. Req. :0:,1 Date Sampled
Type . Specification Item No. 95
Aggr. Producer Cr.S5tone & Conc. Sand=~
Young Bros. Stencil No 19(‘1"000,7"69 T D
Ficld 3 nd-teedhian : ype
Haco arca
' REQUESTED DETERMINATION NO. 3558{=)
Laboratory Spee. | Identification Statlon g . o Asphalt Specimen Ht. | Spec. D ns;t Hveem Stab. ;vncm sa
No. No. Marks No. Asphalt %1 o wes (n.) Fia) (%) "e (Ave: % -
by volume
R3-59-10064 1 17409« C23 8.26 3.5 2.04 ~= 93,3 43 L
2 ‘ 2,03 42 )
3 2.04 46
R3-~9=1065 1 " 9.38~ 4.0 2.03 == 94,6 44 45
A 2 2.03 44
3 2.03 47
R3-69-1066( 1 " 10.48 4.5 2.02 .- 96.1 45 45
2 2,02 45
3 2,02 45
R3-69~1067| 1 " 11.56 5.0 - 2,04 =~ 96,7 42 43
2 2.03 43
3 2.03 43
R3-69-~1063| 1 w 12.63 5.5 2.02 we 98,3 40 42
2 2.C0 43
3 2.01 44 ;
D=9 ch.xrks: Hveem stablility valugs meet regliirements flor this prpject. )
ja :
‘a
i
5. \ j
! |
Vimle oo 0 s Y) -
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SPECIFICATIONS .
TYPE &2 C |0-% |20-50ji10-20]|52-7C! ©0 -30| y-2%5 | 3-25| O=¢

SIEVE SIZES—% PASSING & RETAINED
7 313 »
z-Z 13- 4-14~10 1+ 10 |1o-4o | v0-30| 80200 =200

7ype o V//Jco . ) ' '
NCRYSHED ®eC | ~ O /Y é}‘f{/ 32,9 0,4 0,2 | 0. oY

i

Waco Gose_Sao!B Q! 0.4 | 140, 401369 138 | 0.9
¢+ (Waco Fip. sawniC : 1 001177 165.516.8

r% TEIAL 0. [ DA R T LA /; 3.0 lmorns L, Jo 5 727 S| o
= Alss!l ol 83y 17a 2z 11 21 ¥y
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/ TABLE NO,
OLD METHOD'S TEST RESULTS BY ASPHALT CONTENT

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. ‘ 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 at Feld, Texas,
3.3 parts crushed limestone aggregate # 266, Type F, from Texas Crushed Stone
at Feld, Texas, 2.1 parts concrete sand from Tex2s Crushed Stone Company at
Feld, Texas, and 2,1 parts field sand from theSantanna Pit near Austin. Lab-
oratory testing was made under laboratcery identitrication number 17-69-HMAC-24,

The laboratory design grading and specifications are shown on the attached
form entitled "Aggregate Blending Tabulation'.

The Specifications require that the asphalt material shall form from 9 to 19
percent of the mixture by volume (Absolute). All specimens were wmdde within these

limits.
TABLE NO, Y
SPECIFIC GRAVITY
Size Crushg& Gravel Crushed Gravel Concrete Field
Sieve (Type D) (Type F) Sand Sand
cemd/2 - 10 -~ 2,345 |
3/8 - 10 2.424
T4 -80 T - 2.575
—u40z80 T T 2.609
80 - 200 —— | 2.746 2,664
N _wmﬁét;;w‘ “mSﬁ;gific gravity of the combined aggregate is 2.483

1.
w—.. 2, American Petrofina AC-10 asphalt was used in this design. TIts
specific gravity is 1.019,

P B r—

TABLE NO, II
PROPORTIONING OF MATERIALS

Crushed Limestone Crushed Limestone . Limestone Santanna Pit
o T.C.S. # 665 T.C.S. # 266 Concrete Sand Field Sand
25% 33% 21% 217
o
APPENDIX XII '
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‘ Lébbz;atox;y No

" ASPHALTIC~CONCRETE STABI:TY REPORT

CHARGE $24.00

-— -69=6566~H thra 69-6569«1

L Date Received -~ vajtel}{%%or&edlu il
i .. Dist. or Res. Engr BEyaE ,
éd:{e“tm——xoufnfaarm-—-c——tc. GAEES.  C-2051-1-15, PD 0186 C-49-14~2, PD 0177,ctc.
S: ]r]ac or Cnarlie Yoong Control No. Sect. No. Job No.
" mpier : CONEEACTOT Brazos, Robertson,etc, 2818, I 46,e:
! Sampler’s Title
W Sa pied from DaEgign County Federal Project No. Hwy. No.
m
P (Design Specimen, Car, Truck, Plant, Road) 17 -

- M'A'é—p‘ha]f, Producer izzfé Pet. Humble —District No. Req. N;g 6 Date Sampled
"Type A T T Specification Item No. i
Exoducer 257 LI
5561 168" e v BTICT e T g No, 1061-000,7469 o D
O TICS V66T 717 TOS T4nd . I
QU Hek 21 7 ¥iceld Band
Flecid REQUESTED DETERMINATION NO. 3550¢4)
Laboratory Spee “Idenuncntion Station Cohesiometer Asphalt Speclmen Ht. | Spec. Denslﬂl;_ Hveen !',‘-‘Lub.b Il veern
No. No. Marks No. Value (% by Wt.) (in.) (Jhield) (%) (%) (Avx;._';
69-6566=11 | 1 |17-69-131:(124 8.0 2,02 99.3 51 4
. . 12 e 2,01 N U < A
3, — . 2,00 TR
1 69-6567-11| 1 " ) 8.7 2,02 102.3 45 43
¢ 2 2.02 40
§ 3 2.02 4ty
3 ‘ —_] A— . - —
117-69-121a0~25 1- T
¢ 69-6568-11 1 1 8.5 2.01 102.0 39 3¢
2 11 2.01 ' 38
3 111 2.01 41
69=56569=1 1 » — 9.2 2.02— 100.% 32 - 30
2 2.02 28
3 ] 2,03 .. 30
—] { ------ e — [ —] - .
D-'9 Rewarfes: Hyecm stabiliity volues |moct requijrements £07 this projrct.
 ja
;-—" ; N
I I — - e S I
i |
H H
i !
| |
i |
\ %
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'S.. 178 t]e.. po——
ampler’s 11 st
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ASPHALTIC CONCRLTE STABILITY REPORT

69-6207-1 thru 69-6211-H

C=2851=1-15,

CHARGE $30. 00

Laboratory No. el
Date Received _"'_?~I_"’ Date Reported . 9m2Y=69
Dist. or Res, Engr, Mo J. Eyford
Address B:n):d.‘l }ro i Coutyrs
Contractor —— .. v,_ff;‘,_ broy. lne. Loutis.
& 10!
Samplev .. L 3 ontre

e

Sect. No.

Drazos, Robertson,ete,

T T T S

e

D 0186 C-49-14~2, PD 0177,ctc. |
Job No. :

T4 2818.%:1 46, L;c.

Sampled from . _

(Desiyn Qpccincn. Car, Truck, Plant, ltcad)
* Asphalt Producer ...

TYPe e
Aggr, Trotucer .70 5

County Fem.ra! Frojoct No. Hwy. No
17 e
District No. Req. No. Date 8ampled
. . G4
Specifieation Item No.___ 1961
R CELmQGD TS
Stencil No. 1861000, 7-€5 Type .. B
REQUESTED DETERMINATION 170, 3568(3)

CABEsioLTt lar

Aspoalt

Speclmen 12t.

Speze, Denulty

H\ ce1n Stab.

Ilveem |

ia

“*Does noy
. of 7(} [

——— |
eet heisht 7
lethad Tox .

——
o

R S S,

Quircmentg
LOG . K/
T gy s -

APPENDIX]

XII

No. » s | e (% by Wt.) (In.) (Field) (%) (%)
17000 50
GulliFen| i $1.9 11.41 5.0 2,079 =917 43 5
Z 11 2.0% 49
3 11t 2.02 51
(Cel lelt] 1 " 93.6 12.89 5.7 2.6z -=93.5 47 £3
2 .00 i
3 2,01 48
TGOS § B # 95.4 14.33 6.4 2,01 -5 3 42 L8
2 2.G3 44
3 2.0¢ 52
G5-6210-1 | 1 ; 97.0 15.76 7.1 2.02 ==97.0 47 41
7 2,02 H3
3 2,01 &7
C9-C2ti-H| 1 s 498.6 17.i5 7.8 2.02 ~=98 4 48 &5
2 2.6} 48
3 2,62 48
D=9 hamarls: Ivpem stabililty values weet reyuinements for [this projee .

;
i
§
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. TABLE NO, III
OLD METHOD'S TEST RESULTS BY ASPHALT CONTENT

. Asphalt : _ Hveem Density Hveem Stability
Content ‘ (Avg. of 3) (Avg., of 3)
5.0 91.7 50
5.7 93.5 48
6.4 95.3 , 46
7.1 ’ 97.0 47
7.8 | 98.4 48

TABLE NO, 1V
NEW METHOD'S TEST RESULTS BY ASPHALT CONT:NT

o mesbron

Asphalt Content Hveem Density Hveem Stability
(% by vol.) » (% by Vol.) (Avg. of 3)
Specs. 9 to 19 95 to 99 Min. 30
11.41 91.9 50
12.89 93.6 48
14.33 | 95.4 46
15.76 97.0 47
17.15 ‘ 98.6 | 48

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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o - TEXAS HIGHWAY DEPARTMENT ‘
e Lo : DISTRICT 17 LABORATORY
~ BRYAN, TEXAS
October 3, 1969
Brazos County, Robertson County, etc. ' ' 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 2.0 parts crushed limestone
aggregate, TCS # 665, from Texas Crushed Stone Company at Feld, Texas, 4.0

parts crushed limestone aggregate, TCS # 666, from Texas Crushed Stone Company
at Feld, Texas, aund 4.0 parts field sand from the Wehrman's Pit near Bryan.
Laboratory testing was made under laboratory identification number 17-69-HMAC-25.

The laboratory design grading and specifications are shown on‘the attached
form entitled "Aggregate Blending Tabulation."

The Specifications require that the asphaltic material shall forxrm from 9 to 19
percent of the mixture by volume (Absolute). All specimens were made within
these limits,

. TABLE NO, I
SPECIFIC GRAVITY

Size Crush Gravel Crushed Gravel Field
Sieve TCS # 665 TCS # 666 Sand
3/8 - 4 2,462

4 - 80 2,473

+ 10 ' 2,345

+ 80 2.510
- 80 2.720 - : 2.682

Note: 1. Specific gravity of the combined aggregate is 2.494
-+ «2, Humble AC-10 asphalt was used in this. design. - Its specific gravity

is 0.996,
TABLE NO, II
PROPORTIONING OF MATERIALS
TCS # 665 . TCS # 666 | Wehtman's
Crushed Gravel Crushed Gravel : Field Sand
20% - o 407% o ’ 407,

APPENDIX XII -
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Texas Highway Department
Form 476A

643069-167-28M

SOILS AND bASE MATERIALSE TwesT REPORT

Laboratory No. Below C 49=14-2, etc.

Date Rec’d Reported 10-2~-69 Control Number Section Number Job Number
Engineer W. J. Byford Robertson, etc. FM 46, etc.
Address Bryan, Texas - County Federal Project No. Highway No.
Contractor ._Young Brothers 17

Sampler Charlie Young . District No. LP.E. No. Req. No. Date Sampled
Sampler’s Title Specification Item No. 1961.000

Sampled From Various

Producer. Texas Crushed Sone & Neodhan Pit
Quantity Represented by Sample
Has been Used on

Material from Property of

Provosed for Use ag Hot Mix Asphaltic Concrete Pavemant

Lab. No. LL PI SL Ls SR Class ol | oVEM | %t | L. A Weer
Ten 2 I8
Weight
17-69~1177 23 1 99
17-69-1178 24 1 45 112.6 40
PERCENY RETAINRED O
Square Mesh Sieve Grafin Dicm.
Lab No. Opening In Inches Sfeve Numbera in 2Millimeters .f.ipeciﬂc‘
Gravity
i 3 2% _2 1% | 1% % % % 4 10 20 40 60 100 | 200 | .05 | .005 | .001
17-69-1177 0 111
17-69-1178 0 [10 | 46 [55
SAMPLE IDENTIFICATION
Lah. No. Identification Marks Location-—Properties-—Station Numbers Type of Materials
17-69-1177 Needhzn Pit Field Sand
17-69-1178 Texas Crushed Stone Concrete Sand
Tested in Dist{rict 17 Laboratory QUALITY SAMPLE
By: Ronnie Volss
On: 9-26-69

APPENDIX XII



Texas Highway Department
Form 548

| ASPHALTIC JONCRETE STABIL.{TY REPORT

g CHARGE $30.00

Laboratory No, 69-6112-1 thru 69-6116-1

Date Received ?:_2.5';{’_ Date Reported __9=20~%3
Dist. or Res. Engr,_\: J. Dyford .

Address ‘

Contractor ny Dros. 1ac. Conbrs. C-2051«1=15, D 0186 C-49«14e2, PD 0177,0tc,
? - T Control No. Sect. No. Job No.
E Sampler Srazog, Robertson,etc Til 2818, ¥ 48,¢¢

. LI 2y L & Ea exv 3 =Ll e ¥ LG, Yol GO 0o

| Sampler’s Title Comnty Fedoral Troject Mo, Ty o >
; Sampled from s
! (Design Speclrsn, Car, Truck, Plant, Road) 17 o
! . A Yat, District No. Req. No. Date Sampled

Asphalt Preducer

1961

| : Type . Specification Item No.
i Azer. Producer

196106

Stenzil No.

REQUESTED DETERMINATION NO.

I3

Asphalt Speclmen Ht, | Spec. Density Zveern Hinh

' (% by Wt.) ir.) (Field) (Ave. &)
i (.303
; i 4.5 2,04 =929 57 67

z 2.0% 5%

3 2.62 52

i 11.79 93.3 5.2 2.03 e 046 a5 59

2 .03 61
i 3 2,02 2
i .
O I T 13,25 95.3 | 5.9 ~=$6.0| 53 56

5 [
\ 3 5%
; o ’ . - . - -
: 1 14.69 %6.9 6.6 .01 == 93.0| 55 55
: 2 2.01 54
i 3 2,50 55
; .
H YT T b} H - et . b

o - ! 16.10 98.5 7.3 Ze st} we 99,5 57 55

H 2 . S0 i)

< o L -4

5 2,01 57

raliung mant for thils piject.
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TABLE NO. III
OLD METHOD'S TEST RESULTS BY ASPHALT CONTENT

Asphalt Content Hveem Density Hveem Stability
(Avg., of 3) - (Avg. of 3)
4.5 92.9 57
5.2 , ‘ 94.6 59
5.9 f 96.0 | 56
6.6 | 98.0 ‘ 55
7.3 ' ' 99.5 | " 55

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 Min. 30
10.30 91.9 57
11.79 93.3 59
e — B I P S 95.3 56
14,69 96.9 55

16.10 ' 98.5 55

Charts and graphs are attached giving gradation of aggregates used, asphalt content
by weight and volume and Hveem Specimen density by weight and volume.

Los Angeles Wear from D-9 and polish values from D-8 are contained in test reports
from these divisions.
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APPENDIX XIII.

Skid Resistance Results (October 1970)
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Coefficient of Friction
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APPENDIX XIV.

Curves - Coefficient of Friction Versus
Traffic Applications



Friction Factor

)
Q

.20

p o «

Coefficlent of Friction Vs. Traffic Applicatio:

Projects 1,2,3,4,5

2 g
e b .~ - — ———
— I ST - ——— —
— 4 ST, ——— —_ -
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