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Preface 

VOLUMETRIC DESIGN 
OF ASPHALTIC CONCRETE 

PAVEMENT 

"Design and Construction of Asphaltic Concrete Pavement Using Volumetric 

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

Report SS 15.2. 

General interest in volumetric design specifications has indicated a 

need for publishing additional data on the subject. This report 

incorporates all material contained in Research Report SS 15.2. Also, 

construction experience on the second contract project, completed 

subsequent to the initial report, is included. Skid test results 

of completed pavements are reported to give further data on pavement 

performance under traffic. The latest skid tests included in this 

report were made in July, 1971. 

The portion of the report dealing with initial development of the 

volumetric design specification has been expanded. Curves illustrating 

the factors considered in specification development have been included 

in the text. 
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Abstract 

VOLUMETRIC DESIGN 
OF ASPHALTIC CONCRETE 

PAVEMENT 

Plans and specifications for two asphaltic concrete overlay projects 

in District Seventeen have been prepared on the basis of volumetric 

design of the paving mixture rather than the usual practice of weight 

design. The specifications also required a polish test for coarse 

aggregate. Both projects have been completed and the comments, 

observations, conclusions, and recommendations in this report are 

based on the experience gained during their construction. This 

report contains a description of the factors considered in preparation 

of the specifications, an analysis of bids received on the two proj-

ects, an evaluation of the use of the volumetric specification and a 

summary of skid testing of the completed pavements. Recommendations 

are also presented for future use of the volumetric design specification 

and polish test for aggregates. 
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Introduction 

VOLUMETRIC DESIGN 
OF ASPHALTIC CONCRETE 

PAVEMENT 

In District Seventeen, as in most other areas of the State, 

asphaltic concrete overlays have been used as a part of a 

continuing program of maintenance and improvement of the 

highway system. These overlays have proved to be effective 

in improving the riding surface, strengthening the pavement 

structure and extending the service life of the highway. 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 
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1969 State Highway Safety and Betterment Program and the 1970 State 

Highway Safety and Betterment Program. Within this report, these are 

identified as the 1969 Project and the 1970 Project. 

Both of these projects covered several individual sections of highway, 

each of which had a separate project identification. For purposes of 

reference, the 1969 Project and 1970 Project were identified as 

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

For these projects, new specifications were drafted. This was done in 

an attempt to achieve a goal of a pavement with good surface drain

age characteristics and skid resistance, making maximum utilization 

of aggregates which are readily available. This report covers the 

preparation of plans and specifications and experience gained during 

construction under the two contracts. Results of skid tests on com

pleted pavements are also reported. 

SPECIFICATION DEVELOPMENT (1969 PROJECT) 

Factors Considered 

The 1969 State Highway Safety and Betterment Program included funding 

for asphaltic concrete overlays on several highways in District 

Seventeen. For this project, it was decided that a mix would be 

specified with a maximum size aggregate of approximately ~!I 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 
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State. It was found that most specifications were written to allow 

the use of certain locally available materials or were written for 

the use of a single specified type of aggregate with the exclusion of 

all others. As it appeared that no current specification met all the 

needs for the District Seventeen project, it was determined that it 

would be desirable to prepare a new specification. 

In drafting a new specification, the following items were given 

consideration: 

(1) The specification should be a general specification which 

could be used for many different projects and for various 

types of pavement with gradations ranging from a fine 

textured surface course to a coarse graded base course. 

(2) The specification should be written to allow the contractor 

a maximum degree of latitude in selecting materials. 

(3) 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. 

(4) The specification should allow the use of the most economical 

mix designs which would produce the desired qualities in the 

finished pavement. 

(5) As several experimental projects had indicated that the use 

of synthetic aggregates would produce a surface with very good 

skid resistance, the specification should be drafted in such a 

manner to encourage the use of synthetic aggregates. 

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

much as possible to facilitate keeping job records. 
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(7) The time and effort required for job control testing 

should not be greatly increased over that required for 

current specifications. 

(8) The specification should be specific enough in regard to 

types of material required so the contractor would have 

sufficient information to prepare his bids with a· 

reasonable degree of certainty. 

(9) A specification for hot mix asphaltic concrete should be 

written in such a manner that compatible companion 

specifications could be prepared for alternate materials 

(Hot Mix Cold Laid Asphaltic Concrete and Limestone Rock 

Asphalt Pavement.) 

Paving Quantities 

It had been noted on some projects in the past that the 

usual practice of setting paving rates based on units of 

pounds per square yard resulted in considerable variation 

from plan rates to secure the desired thickness of pave

ment. This is due to the fact that plan rates were based 

upon an assumed unit weight of paving material which might 

be cortsiderably different from the unit weight of material 

actually produced. The variations in unit weight are a 
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direct result of variatLons in specific gravity of aggregates 

from different sources. When lightweight or synthetic aggregates 

are considered, the problems of correlating thickness or volume of 

completed pavement with weight of paving material are greatly 

increased. 

On previous projects where synthetic aggregates had been specified 

with payment based on weight, it was necessary to specify a minimum 

percentage of the total aggregate to be composed of synthetic 

aggregates. As a result, 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 aggregates, 

there is still a considerable problem in specifying the weights 

of the various aggregate portions of the mix, as synthetic 

aggregates are available with bulk unit weights from 35 to 65 

pounds per cubic foot. A design based upon one particular type 

of aggregate would give entirely different results if aggregate 

with a different unit weight were substituted in the design. 
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Figure I illustrates the possible range of volume that could be 

produced from one ton of paving mixture. The mix proportioning 

assumed for this example is comparable to mixes in general use. 

It was assumed that the fine aggregate portion of the mix would 

have a constant specific gravity of 2.60, but the specific 

gravity of the coarse aggregate could vary over the broad range 

which could be attained with the use of the lighter synthetic 

aggregates, natural aggregates, or combinations of synthetic 

and natural aggregates. It is apparent that when synthetic 

aggregates are used, the weight-volume relationship can vary 

greatly. 

Measurement and Payment 

In the initial consideration of the new specification, it became 

evident that some method would be needed to provide an equitable 

method of measurement and.payment. For the paving mixture con

sidered in Figure I, .an analysis was made of equivalent costs 

per ton of aggregate. It was found that as the specific gravity 

of the coarse aggregate varied, there was a wide range in price 

per ton of aggregate to result in an equal cost for a given 

volume of pavement. 
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In Figure II, three curves show the variation in equivalent 

aggregate prices per ton to result in an equal cost for equal 

volume of total aggregate. Additional curves could be drawn 

for other base prices of aggregate. Generally, any pavement 

design method used will be based on a determination of required 

thickness or volume of paving courses, without regard to weight of 

paving material. It is evident from Figure II that basing payment 

upon tons of aggregate furnished would not be an equitable method 

of payment. 

Consideration was given to a specification whereby measurement would 

be based upon rodded unit weight of the combined aggregates sampled 

from the hot bins of the paving plant. Apparently, this method would 

be workable for hot mix or hot mix cold laid asphaltic concrete; how

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

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

the method of measurement and payment should be based upon some method 

which could be applied equally to all three of these paving materials. 

As all aggregates, including natural aggregates, have varying specific 

gravities; it was considered advisable to base payment upon volume of 

completed pavement produced, regardless of the unit weight of the 

particular aggregates the contractor elected to use. 

The method finally selected was in accordance with recommendations 

made by the Highway Design Division and a Statewide Specification 

8 



EQUIVALENT AGGREGATE PRICES 
FOR 

CONSTANT COST-VOLUME RATIO 

12 

'" 
11 

10 "-'" 
9 

z 
0 
I- 8 ......... 

"" ~ , 
-.!lS/ 'I" 

"- ........... , 
~ ':r ~_ ~ 

(I) 

0:: « 
...J 7 ..J 

8 
w 

6 u -II: 
0-
W · 5 ~ 

""' 
..... 

~ ~ 
..... , 

"- " , 
..... 111 J_ ...... 

"""IIIIIiiii ~ 
........... 
~ 

r---....... ~ ..... 
............ r----. r---....... 

< 
<.!) 
w 

4 0:: 
<.!) 
<.!) 

ct: 

3 

2 

1 
.. 

.. 0 
1 .0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 ·3. o 

SPECIFIC GRAVITY OF COARSE AGGREGATE 

FIGURE 11 
9 



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 laboratory tests. As all asphaltic concrete plants are equipped 

with batch scales or truck scales to measure the weight of material 

produced, scale weights were retained in the measurement method. This 

would allow the contractor to use his plant equipment in the same 

manner in which it had been used in past projects under other 

specifications. It was decided to continue to pay for asphalt on a 

weight basis, as asphalt is measured by weight in the mixing plant 

and it is a fairly simple procedure to determine the total weight of 

asphalt used on a project. The measurement for aggregate was to be 

made on a compacted volume basis by the following formula: 

v = 

= 

w 
62.4 (27)Ga 
Cubic yards of compacted aggregate 
Total weight of asphaltic concrete in pounds 
Average specific gravity of three molded 
specimens as prepared by Test Method Tex-
206-F and determined in accordance with 
Test Method Tex-207-F. 

This formula may be considered as a measure of either the cubic yards 

of compacted aggregate or the cubic yards of compacted asphaltic con-

cr~te mix as the asphalt is considered to only fill a portion of the 

air voids in the aggregate and does not add to the volume of the com-

pacted mix until 100% density is reached. As the intent of the 

specification is to produce a mix with less than 100% laboratory 
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.. density, this formula is valid within the range of densities to be 

produced under the specification. The first impression received by 

some observers is that as the factor "w" includes weight of asphalt, 

the weight of asphalt used in the mix is included in the measurement 

term "V" and double payment is made for asphalt. This, however, is not 

the case as the weight of asphalt in the specimen is also 'included in 

the term fiG ", which cancels the effect of asphalt weight and makes "V" a 

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 of 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 engineers 

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 judgment of volume of 

aggregate particles of each size, and the weight of the aggregate par-

ticles has no bearing on this evaluation. The basic purpose of spec i-

fying a range of gradation and asphalt content for a bituminous mixture 

is to establish limits which have been proved through experience to 
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produce the desired end product. In previous asphaltic concrete speci

fications, these requirements have been on the basis of percentage by 

weight of the aggregate particles retained on specified sieve sizes 

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

in specifications in general usage are valid for natural aggregates in 

that specific gravity of the aggregate particles of various sizes may 

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

factory mixture cannot be produced within the limits of master gradation. 

However, when synthetic aggregates having specific gravities which may 

be less than half those of natural aggregates are introduced into the 

mix, different criteria for proportioning of the aggregates must be 

developed. 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. 

Figure III illustrates the volume relationship of asphalt, fine 

aggregate and coarse aggregate in the paving mixture proportioned by 

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

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

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

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

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

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

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

result. 
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In order to provide a paving mixture with the desired proportions 

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

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

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

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

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

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

asphalt, fine aggregate, and coarse aggregate, as would a mix pro

portioned by weight of 6% asphalt, 36% fine aggregate, and 58% coarse 

aggregate when the specific gravities of both the fine aggregate and 

coarse aggregate ~re 2.60. Usual specification limits would allow a 

band of coarse aggregate of from 50 to 70% of the total weight of the 

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

the coarse aggregate, a specification limit based upon weight would 

have to be in the range of 30 to 70% by weight for coarse aggregate. 

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

little purpose in a specification. 

From this analysis, it was decided that a specification permitting 

the use of synthetic aggregates and combinations of natural and 

synthetic aggregates should be prepared on a volume basis. It was 

concluded that, if the volume of aggregate of each sieve size and 

the volume of asphalt were specified, a satisfactory mixture could 

be produced, regardless of the weights of the various materials. 
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Selection of Master Gradation 

A volumetric design specification was.prepared in accordance with 

the above considerations. It was assumed that the aggregate gradation 

as specified in Item 340 of the Standard Specifications and Special 

Provisions thereto. had been proved to be generally satisfactory for 

natural aggregates normally used in asphaltic concrete pavements 

throughout the State. The assumption was also made that these gradation 

requirements had been developed on the basis of approximately equal 

specific gravities for all aggregate particles in the mix and there

fore, for natural aggregates of uniform specific gravity, also ex

pressed a volume relationship of the various particle sizes. 

In the volumetric specification, the same limits of master gradation 

were used except that the proportions were expressed as a percentage 

of volume, rather than weight. Fundamentally, this approach to the 

design specification ~s based upon the premise that if aggregate par

ticles 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 quality, but with considerably higher or lower 

specific gravity, the characteristics of the total mix would not be 

significantly altered. 

Aggregate Reguirements 

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 

aggregate than for natural aggregates; however, for projects located a 

considerable distance from the source, the saving on freight due to 

the lighter weight of the synthetic aggregates would tend to offset 

the higher cost at the source so that they could be furnished at the 

project site for about the same costas natural aggregates. The new 

specification was prepared allowing the use of all types of aggregate 

which had been used previously in asphaltic concrete pavements with 

satisfactory results. The use of synthetic aggregates was permitted, 

but this was not a mandatory requirement. The specification, in 

effect, was written to allow the use of natural, synthetic, or combi

nations of these aggregates to make materials from many different 

sources economically competitive. 

Format 

The format of the volumetric design specification and the testing 

required for components of the mix and the completed mix were patterned 

after specifications in current usage. It was necessary to make minor 

changes in wording throughout the specification so that all require

ments would be compatible with the volumetric method of design. 

Test Procedures 

Upon completion of the volumetric design specification, it was apparent 

that no established procedures had been developed for preliminary design 

and job control testing of the bituminous mix to be produced under this 

specification.· The established method for design of bituminous mix

tures is given in Construction Manual C-l4. The methods outlined in 

this manual were not directly applicable to a volumetric design; however, 
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the format of Manual C-14 was followed to prepare a design procedure 

for the volumetric design specification. This procedure included the 

determination of bulk specific gravity of synthetic aggregates in 

accordance with a test method developed by J. S. Bryant and des-

cribed in the Thesis entitled, "Determination of the Moisture 

Absorption Characteristics of Lightweight Concrete Aggregates". Prior 

to making trial laboratory mixes and subjecting specimens to density 

and stability tests, it 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 specification requirements. Manual C-14 describes methods 

whereby this analysis can be done through calculation, and physical 

blending of the materials is not necessary until a proportioning 

meeting specification requirements has been determined. A similar 

procedure for the volumetric design was needed, and methods suggested 

by Bob M. Gallaway and E. R. Hargett, as a result of their research for 

the Texas Transport~tion Institute,were incorporated in the design 

procedure. This provided a simple, straightforward procedure whereby 

a proportioning of the various materials could be selected for the 

purpose of making laboratory trial mixes. The procedure included 

instructions and examples for converting volume measurements to weight 

measurements to facilitate the proportioning and blending of the 

materials. 

18 
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The new specification included requirements for aggregate propor

tioning based upon volume of individual particle sizes. However, 

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

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

test method "Volumetric Sieve Analysis of Fine and Coarse Aggregates" 

was prepared. This test procedure provides for the measurement of 

volume of aggregate particles by submerging them in a liquid and 

measuring the volume of liquid displaced. The liquid specified for 

use is one of the types of solvent used in asphalt laboratories for 

the extraction test. The type of liquid is not critical except that 

a liquid with good wetting properties is needed so that the fine 

aggregate particles do not tend to float on the liquid. 

Some modification was needed in Test Method Tex-2l0-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. 
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The specification was interpreted to mean that aggregate from each 

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

contractor elected to use two or more coarse aggregates, each would 

be required to meet the polish test requirements. The minimum polish 

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

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

retain the desired skid resistance. 

Project Description, Plans, and Specifications 

After final approval of specifications, the plans were completed and 

processed for letting. As this was considered to be an experimental 

project, the plans provided for hot mix asphaltic concrete without 

alternates. This project was considered experimental in that it was 

intended to provide an evaluation of the volumetric specification and 

job control procedures under actual construction conditions. Also, the 

project was intended to furnish additional data on the effect of the 

polish value test for coarse aggregate on the types of aggregates which 

the contractor would furnish and the bid prices for the work. Also, in 

an effort to obtain additional data relative. to construction of non-skid 

pavements, it was planned to make skid tests of the completed pavement 

immediately after construction and at intervals to determine changes in 

frictional factors of the pavement under traffic. 

The construction plans included ten individual projects to be covered by 

a single contract. In addition to asphaltic concrete overlay, the plans 

also provided for some asphalt surface treatment work, primarily on 

shoulders. The locations and descriptions of the individual projects 

are shown by Figure V. For convenience in keeping project records, each 

individual project was identified by a reference number. 
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HWY 
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FM 46 
SH 14 
SH 14 
SH 36 

FIGURE V 
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SH 21 SE to FM 2513 
SH 21 South 
8th St. in Navasota 
to Navasota River Bl 
SH 90 West 
SH 90 East 
US 79 South 
Falls CIL to SH 14 
FM 46 to FM 1373 
Falls elL to FM 46 
US 290 South to 
Austin elL 



The specification for this project included: 

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

Design of Bituminous Mixtures (Volumetric Design) 

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

Test Method Volumetric Analysis of Fine and Coarse Aggregates 

Addendum to Test Method Tex-2l0-F 

Special Provision to Item 6, Control of Materials 

These documents are included in this report as Appendix I through 

Appendix VI. 

Bid Analysis 

On August 19, 1969, three bids were received on this project. Low 

bidder was Young Brothers, Inc., Contractors of Waco, Texas. 

Table I shows the bids received and unit prices bid. 

The low bid was approximately 46% 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. 
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" 

Quantity 

32. Hr 
80. Hr 

566. CY 
95l. CY 

50,088. Gal 
10,472. CY 

1,047.2 Ton 
l3,938. Gal 

BIDDER 

TABLE I 

Items 

Roll (Flat Wheel) 
Roll (Lt Pneum Tire) 
Aggr Ty A Gr 4 Mod 
Aggr Ty D Gr 4 Mod 
Asph AC 10 
Aggr Ty D 
Asphalt (AC) 
Tack Coat 

1 
Young Bros. 

$ 6.00 
$ 6.00 
$10.00 
$10.00 
$ .20 
$22.50 
$22.50 
$ .15 

1 YOUNG BROTHERS INCORPORATED, CONTRACTORS 

2 ASHLAND OIL AND REFINING COMPANY 

3 GAYLORD CONSTRUCTION COMPANY 
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2 3 
Ashland Gaylord 

$10.00 $10.00 
$10.00 $10.00 
$ 9.00 $10.00 
$11.50 $12.00 
$ .20 $ .22 
$23.00 $25.15 
$27.00 $27.00 
$ .15 $ .20 

TOTAL BID 

$287,l32.30 

$298,389.20 

$323,644.16 



Discussion with bidders and material suppliers indicated there were 

several factors which influenced the contractors l 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 should 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 no previous experience 

in converting operating costs from a tonnage basis to 

a volume basis. As is generally the case, it appeared 

that the bidders increased the unit prices due to an 

unfamiliar specification. 
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(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 Specifications 

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: 

(1) 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. 

(2) The tolerance for asphalt content as reflected by the 

extraction tests was broadened to more nearly reflect 

the accuracy obtainable through this test. 

(3) 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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(4) The polish value requirement was raised to a minimum 

value of 34 in order to secure aggregates with slightly 

better polish resistance than those which had been used 

on the 1969 project. Also, this change in polish test 

requirements was based upon experience that indicated 

that the minimum requirement should be raised somewhat 

in order to more nearly correspond with the reproducibility 

of results from the tests and insure a satisfactory 

quality of aggregate. 

(5) In keeping with general Departmental policy, the plans 

provided for a base bid of hot mix asphaltic concrete 

pavement with alternate bids for hot mix cold laid 

asphaltic concrete pavement and limestone rock asphalt. 

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

course. Approximately 30% of the total material was to be used for 

the level up course. The plans provided that the polish value test 

requirement would apply only to coarse aggregate to be used in the 

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

available uncrushed siliceous gravel in the level up course. 

The locations and descriptions of the individual projects are shown 

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

REF. 
PROJ. HWY LIMITS 

1 SH 6 0.5 Mi S of Hearne 
to Brazos C/L 

2 SH 6 Benchley to 3.7 Mi. 
N of SH 21 

3 SH 36 0.3 Mi S of Yegua Cr. 
to Brenham 

4 SH 36 Loop 283 N of Brenham 
to FM 577 S of Brenham 

5 US 77 Falls C/L to Cameron 

FIGURE VI 



Bid Analysis 

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

Seven bids were received with the low bidder being Jones 

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

extremely close to the low bidder. A tabulation of bids 

received is shown in Table II. 
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N 
\0 

TABLE II 

1 
Quantity Items Finke 

13. Hr Roll Flat Wheel (210) 9.00 
21. Hr Roll Lt Pneum Tire(213) 9.00 

1,013 . CY Aggr Ty D Gr 4 Mod (316) 9.00 
31,898. Gal Asph AC 10 RC-5 or EA-HVRS .24 

"'~46, 127 . CY Aggr Ty D (2103) 13.20 
.,,~ 5,230.5 Ton Asphalt AC (2103) 20.08 
"'<'55,285. Gal Tack Coat (2103) .00001 

ALTERNATE 1A 

46,127. CY Cold Hix LRAP (Ty C)(330) NB 
55,285. Gal Tack Coat RC-2 (330) NB 

ALTERNATE 1B 

46,127. CY HM CL ACP (Ty DD)(2104) NO BIDS 
55,285. Gal Tack Coat RC-2 (2104) 

BIDDER 

1 JONES G. FINKE, INC. 
2 ALLAN CONSTRUCTION COMPANY, INC. 
3 THE JARBET COMPANY 
4 H. L. FREELAND, INC. GEO. M. AMTHOR 
5 GAYLORD CONSTRUCTION COMPANY 
6 ROBERTSON CONSTRUCTION COMPANY 
7 YOUNG BROTHERS, INC. CONTRACTORS 

------

,. 

2 3 4 5 6 7 
I 

Allan Jarbet Freeland Gaylord Robertson Young I 

9.00 12.50 8.25 8.00 10.00 7.00 
I 9.00 12.50 8.25 8.00 8.00 7.00 I 

8.50 10.00 10.52 9.60 12.00 8.00 
.20 .20 .30 .19 .21 .20 

12.37 NB NB 15.75 17.20 18.30 
26.00 NB NB 26.55 26.50 35.00 

.175 NB NB .01 .15 .10 

NB 16.25 16.45 NB NB NB 
NB .20 .20 NB NB NB 

, 

ON ALT. 1B 

TOTAL BID 

$730,983.91 
$731,554.97 
$777,555.35 
$790,352.81 
$881,980.30 
$959,437.98 

$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 

projects did not include volumetric design and job 

control testing, but they did allow the contractors 

to become more familiar with the methods of measurement 

and payment. 

(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, 

relieved the contractor from furnishing aggregates which 

would meet the specification requirements and blending 

them in proportions which would meet all other test 

requirements. 

It appears that the bid prices received on the 1970 asphaltic concrete 

project compare favorably with prices received for similar work under 

the standard asphaltic concrete specifications based upon tonnage 

measurement and payment. Also, it appears that the requirement for 

the polish value test for coarse aggregate did not contribute 

significantly to increased bid prices on this contract. The low 

bidder advised that he planned to furnish uncrushed siliceous 

gravel from a source near Hearne for the level up course and to 

furnish synthetic coarse aggregate from Texas Industries, Clodine 

plant, for the finish course. These aggregates would be combined 

with local fine aggregates and field sand to produce the required 

gradation. Preliminary tests on the Clodine material indicated 

no problems in meeting the polish value requirement. 
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One other factor noted in the bids received was that two of the 

bidders elected to bid the alternate for limestone rock asphalt. 

The specification requirements for this material were no more 

stringent than the usual 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)(2l03.000) 

Special Specification, Hot Mix Cold-Laid Asphaltic Concrete 
Pavement (Volumetric Design)(2l04.000) 

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 plants and no plant was set up specifically for this 

project. The plant locations were at Fe1d, 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. 

33 



The record of production of asphaltic concrete is shown in Figure VII. 

This table shows the plant used, the individual project where pave

ment was laid, and the quantity of material produced for each day's 

operation. The average production was 185 cubic yards per day, but 

on ten days, the total production was less than 100 cubic yards. The 

low rate of production and the start-and-stop operation at the plant 

created problems in job control and testing. With this type of 

operation, it is extremely difficult to stabilize the quality of 

material produced and secure samples of material which are truly 

representative. 

Material Sources 

The contractor submitted samples of aggregate proposed for use on this 

project, as required by the specifications. These aggregates were 

tested for the polish value and other aggregate quality tests and 

preliminary mix designs were made in the District Seventeen 

Laboratory. Two sources of coarse aggregate were used for this 

contract; one being a crushed limestone from Texas Crushed Stone 

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

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

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

estimated that approximately 60% of the aggregate particles were a 

limestone type gravel and 40% were a siliceous gravel. This material 

had a polish value of 29, which was at the lower limit of the 

specification. The contractor also submitted samples of a third 
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coarse aggregate which was a crushed siliceous gravel. This 

material had a polish value of 24.5 and was not approved for 

use. The accelerated polish test reports are shown in Appendix 

XI. 

After approval of aggregate sources, based upon the polish value 

test, additional tests were made during the period of construction. 

These tests were made as new stockpiles of aggregate were produced 

to insure that the material was comparable to the sample used for 

the initial approval of source. 

When the plans were prepared, it was assumed that some suppliers 

who usually furnish aggregates for asphaltic concrete pavement in 

District Seventeen would be unable to furnish aggregates for this 

project, due to the polish value test requirement. If the polish 

test requirement had not been included in the plans, the plans 

would have been prepared in such way to require the use of a 

crushed aggregate which would have precluded the use of uncrushed 

siliceous gravel which is available in the Bryan-Hearne area. 

Preliminary tests indicated that this material would not meet the 

polish test requirement and, therefore, no provision was made in 

the plans specifically requiring a crushed aggregate. Actually, 

the polish test requirement had little bearing on the sources of 

aggregates used on this project as the contractor was able to 

use the same sources which had been used on previous projects 
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within District Seventeen where a crushed aggregate was required 

but no polish value was specified, From past experience, it 

appears that the materials which meet the minimum polish 

requirement of 29 are questionable in relation to their polish 

characteristics under traffic, and that possibly the value of 29 

is too low to insure what could be termed as a non-polishing 

aggregate. 

Job Control Testing 

This contract was under the supervision of the Brazos-Burleson 

County Residency. Personnel from this office performed plant 

and road inspection. They were assisted in plant inspection by 

personnel from the District Seventeen Laboratory. Preliminary 

designs were made by the District Laboratory. These reports are 

included in Appendix XII. Job control testing was performed in 

accordance with procedures outlined in the specifications. Also, 

job control sieve analysis at the plant was performed in a manner 

prescribed by Construction Manual C-14 to provide a correlation 

between the two test methods. 

During the construction period, plant control by the volumetric 

specification was evaluated. It was found that the test procedures 

under this specification did not materially increase the work load 

for plant inspection personnel, and in fact, as inspection personnel 

became familiar with the procedures, it was found that approximately 

the same degree of effort was required for plant control under this 
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specification as under the procedures as specified in Construction 

Manual C-14. One indication of the amount of time and effort re

quired was that the same number of technicians were assigned to 

plant inspection as was the usual practice for projects under Manual 

C-14, and the inspection force was able to run tests as specified 

by the volumetric specification and also perform check tests in 

accordance with Manual C-14. 

As all aggregates used in this project were natural aggregates, it was 

assumed that there should be a correlation between the sieve analysis 

by weight and the sieve analysis by volume. However, this did not 

prove to be the case. It was noted that the percentage by volume 

and percentage by weight of a particular size of aggregate might vary 

as much as 5%; however, further analysis of the test results indicated 

that this variation should be expected as there was a difference in 

specific gravities of the various sized particles in the aggregate 

and that this variation was great enough to result in the apparent 

discrepancy between sieve analysis by volume and by weight. The 

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. 
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In connection with this project, short test sections of 

pavements were constructed on FM 2818 utilizing synthetic 

aggregates. This work was done in cooperation with Texas 

Transportation Institute and Texas A & M University. The 

information relative to these test sections is contained 

in a paper by Jerry G. Rose entitled, "Design, Construc

tion, and Analysis of Lightweight Aggregate Hot Mix 

Asphalt Test Sections on FM 2818, Brazos County, Texas", 

and these sections are not included within the scope of 

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

Plant Location 

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

plant was set up at Hearne for the Brazos, Robertson, and Milam County 

projects. After these projects, the plant was moved to Brenham for 

the remainder of the work. 

Construction Sequence 

Construction of the asphaltic concrete pavement was started on 

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

maintained a good rate of daily progress throughout the period of 

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

total of 95 days. The average daily production was approximately 

485 cubic yards per day. This rate was considerably higher than on 

the previous project. 

Material Sources 

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

sections prior to the finish course. As this material would not be 

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

there was no polish value requirement on the coarse aggregate. The 

contractor elected to use an uncrushed siliceous gravel for this 

paving course. In order to comply with the minimum polish value 

requirement of 34, the contractor furnished a synthetic coarse 

aggregate produced by Texas Industries, Clodine, Texas. The polish 

value for this aggregate was 59.4. 
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Job Control. Testing 

Work on this contract was under the supervision of the Robertson 

County Residency located in Hearne. Personnel from this office 

performed plant and road inspection. They were assisted in plant 

inspection by personnel from the District 17 Laboratory and the 

Washington County Residency. Preliminary mix designs were made by 

both the District Laboratory and Residency personnel. The designs 

used are included in Appendix XIII. 

In performing laboratory tests for job control, some difficulty was 

experienced in the sieve analysis of synthetic aggregates. The 

lighter particles tended to float on the surface of the solvent. The 

particles had to be forced into the solvent before an accurate read

ing could be obtained. The laboratory technicians on the project 

developed a tool consisting of a plastic disc with approximately the 

same inside diameter as the flask attached .to a wooden rod. This tool 

was used to force all aggregate particles below the surface of the 

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

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

gave good results and overcame the problem of floating aggregates. 

The recommended laboratory procedure developed for this project 

specified that aggregate particles of the various sizes would be 

successively placed in the solvent starting with the largest coarse 

aggregate. It was found that with an absorptive aggregate, better 

results could be obtained by introducing the finest sizes first and 

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

Test Results 

Soon after the construction of the 1969 project, skid tests were 

made with the Texas Highway Department skid trailer. The tests 

were repeated at intervals with the most recent test being made in 

July, 1971. Coefficients of friction measured in October, 1970, 

for individual test sites on each project are indicated in 

Appendix XIV. Some tests were made on the synthetic aggregate 

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

The coefficients of friction obtained by skid tests on the pavements 

constructed in the 1969 overlay project are generally within the 

range considered to be satisfactory. Quite a few of the sections 

of roadway had friction coefficients above .60 immediately after 

construction; however, it was also noted that there was a con

siderable variation in coefficients of friction between sites and 

between sections of pavement constructed on different dates. A por

tion of this variation can be attributed to changes in aggregate 

sources; however, this does not fully explain the wide variation 

between some sections of pavement. Based upon experience on other 

projects, it was assumed that the pavements with crushed limestone 

coarse aggregates would have a higher frictional coefficient than 

pavements constructed with crushed gravel aggregates. This did 

not prove to be true in all cases. While the highest coefficients 

were obtained on pavements with the crushed limestone coarse 

aggregate, other sections where this same aggregate was used 

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

friction were: 

(1) Aggregate gradation 

(2) Asphalt content 

(3) Source of asphalt 

(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 

variaples in materials and construction operations may have 

influenced the coefficient of friction of the completed surface. 

This evaluation did not reveal any single variable to which the 

variation in friction factor could be attributed. No direct 

relationship between friction factor and the variables 

considered could be found. It is highly probable that the 

interaction of these variables did contribute directly to the 

variations in skid resistance, but insufficient data is available 

to indicate the extent to which each variable affected the completed 

pavement. 

Skid tests made on a newly constructed pavement measure the co

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

aggregate particles, the thickness of the asphalt film, and the 

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

are the variables which probably affect the frictional values of a 

newly constructed pavement to the greatest degree. At this stage in 

the life of the pavement, the coarse aggregate does not influence the 

friction values as little, if any, of the coarse aggregate is in 

direct contact with the tire of the skid trailer. As the matrix of 

fine aggregate and asphalt is worn away from the surface due to 

traffic and weathering, and as more of the coarse aggregate is exposed, 

the characteristics of the coarse aggregate begin to affect the co

efficients of friction. Most of the sections of roadway for which skid 

tests have been made have only moderate traffic volumes and the 

characteristics of the coarse aggregate particles have had only a 

limited influence on the friction values obtained during the period of 

testing. Curves have been plotted as shown in Appendix XVI, correlating 

change in coefficient of friction and traffic applications. For most 

projects, there has been a decrease in friction values since completion 

of the pavement. Several projects have exhibited an early decrease in 

coefficient of friction followed by either a leveling off or a slight 

increase in friction values. This could possibly indicate that the 

fine aggregate and asphalt matrix is being worn away from the surface, 

due to the action of traffic and weather and that the skid tests are 

beginning to indicate a coefficient of friction for the coarse aggregate 

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

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

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

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

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

the plant located in Waco. The aggregates used were crushed gravel 

and Needham sand from Waco. The pavement was laid on November 10, 

1969. The laydown machine was traveling from north to south. A 

visual inspection of this pavement indicates that the pavement laid 

early in the day has a relatively open texture and that as laying 

progressed, the texture became more 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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SKID TESTING OF THE 1970 PROJECT 

Test Results 

As previously noted, the pavements constructed on the 1969 project 

had a considerable variation in surface texture. This was not the 

case for the 1970 project. The pavements produced had a very uniform 

texture and little difference in pavement texture could be observed 

on the various sections of the project. This was primarily due to 

strict plant control. The road inspectors paid particular attention 

to the texture of the pavement as it was placed. It was their intent 

to produce a finished surface with a fairly open texture. If the 

pavement being laid varied from the texture desired, immediate steps 

were taken to ~hange the mix proportions at the plant. These changes 

were generally very minor adjustments in the cold feed to increase or 

decrease the proportion of field sand in the mix. These adjustments 

of the cold feed did not make a significant change in the aggregate 

sieve analysis. Experience on this project indicates that visual 

control of the pavement texture is extremely important and that a 

trained road inspector can note changes in the mix affecting texture 

that are not readily apparent from the sieve analysis. 

Skid tests made with the Texas Highway Department skid trailer are 

reported in Appendix XV . No significant variation in individual 

friction values was noted as had been the case for the 1969 project. 

The coefficients of friction on all sites tested were uniformly high. 

Also, where a series of tests have been run on the same section of 

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

Several conclusions may be drawn from the experiences on the two 

projects covered in this report. 

(1) The volumetric specification for asphaltic coricrete 

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 time 

and effort. 

(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 
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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. 

(7) The coefficient of friction of a finished pavement is 

dependent upon variables in addition to aggregate 

qualities and gradation as reflected by usual test 

procedures and these variables most probably involve 

construction procedures. 

(8) 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 end product specification feasible at some 

time in the future. 

(9) The construction of a pavement with a desirable surface 

texture may require adjustments in material proportioning 

and construction procedures during the construction 

period. All of the needed adjustments may not be 

indicated by the specified test procedures and the 

project inspector must rely upon his experience and 

judgment to produce the best possible end result 

within the specifications. 

48 
-----------



(10) The pavements constructed with synthetic coarse aggregate have 

a very desirable surface texture and extremely good skid resistance. 

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

Based upon the projects considered in this report, the following 

recommendations are made: 

(1) The specifications for Hot Mix Asphaltic Concrete Pavement 

(Volumetric Design), Hot Mix Cold Laid Asphaltic Concrete 

Pavement (Volumetric Design), and Limestone Rock Asphalt 

as utilized in the 1970 District Seventeen Asphaltic 

Concrete Project be considered as satisfactory for 

general use and be made available throughout the 

Highway Department for use by other Districts, as 

desired. 

(2) The accelerated polish test should be considered as a 

valid test for quality of coarse aggregate and this 

test requirement should be retained in specifications 

for asphaltic concrete surface courses. 

(3) The volumetric method of measurement and payment for 

asphaltic concrete pavement is an equitable method of 

payment and should be adopted as general practice. 

(4) Additional studies should be made to determine the 

effect of construction practices and job control on 

the coefficient of friction of the completed pavement. 

(5) The volumetric design specifications should be 

reevaluated as experience is gained with different 

types of aggregates and mix designs. It is possible 

that modification of master gradation and other 

specification limits can be refined to more nearly 

insure the production of the desired end result. 
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(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. 

(7) Paving courses requiring aggregates to meet polish 

value requirements should be set up as separate 

bid items from those for which there is no polish 

test requirement, even if gradation and other 

requirements are identical. This should more 

nearly reflect the actual costs of the different 

types of paving mixtures. 
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APPENDIX I. 

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



TEXAS HIGHWAY DEPARTMENT 

SPECIAL SPECIFICATION 

liar MIX ASPIIALTIC CONCRETE PAVEMENT 
(Volumetric Design) 

1. Qescriptjon. This itenl shall consist of a base course, a leveling-up 
course, a slIrface course, or any combination of these courses, as shown on the 
plans, each to be composed bf a comp~cted mixture of mineral aggregate and 
asphaltic materi~t. 

The p3vement shall he constructed on the previously completed and approved 
subgr~dc, bn~c, exi~ting pavement, bituminous surface, or in the case of a 
br idbc, on t11'" prcp"red floor slab, /1S herein specified and in accordance 
with the dctnils !':110\Vil on t11e plans. 

2 . l'ln t (' ri a 1 s . 

(1) t!.~~~?.!....J'.li.\l.!:.p..fEl~. The mineral aggregate shall be composed of a 
coarse ~ggrc~~te, a fine Aggregate, and if reqllired, a mineral filler. 
Sllmplr!': of C(':1r~(' ngbJ"('f,nte, fine aggregate, and mineral filler shall be sub
Ulittrd in ~ecord:1llc(' \dth the methods prescribed in Item 6 of the Standard 
Speci f i c~t it'n~, and .1PP1·OVill of both the material and the source of supply 
must hl' 01.::.1 i 1'<:(\ frt)lTI the Engineer prior to delivery. 

The CCl:·!, illed r.li nern I nggreg.1te, after final processing by the mixing plant 
and pri()r to additLm of asphalt and mineral filler, shall have a sand 
~qlli",,'l(,llt v::lu(· of not less than 45, unless otherwise shown on plans, when 
te5t~d In acc()rd~nce with Test Method Tex-203-F. 

(II) fO,1r,S.«:. ~~.'1tc. The coarse aggregate shall be that part of 
the IIg~~rc[O.';i1t<: retaincd on a No. 10 sieve; shall consist of clean, tough, 
durnhlt· fra&~cnts of ~tone, crushed blast furnace slag, crushed gravel, gravel, 
.111£ "rgrq;ate (produced frol:! burning coal), crushed limestone rock asphalt, 
.yntl:('t Ie ,1g;;rq>1tt' (hr:-rt'in defined as aggregate produced by fusing raw shale 
or cl~y 1n II rotary kiln under intense heat into predominately amorphor silicate), 
or corhinat 10:11' thc-l"e()f. as hereinafter specified, and of uniform quality throughout. 

For & 11 conr!Oc' ag~rq;.,tc, the IImount of organic matter, clay, loam, or particles 
coatC'·1 t hrn""-{ th, or other undesirable Ulaterials shown in the plans, when tested 
in ncL .... rd.111C(- with Tl'st ~fcthod Tex-217-F (Part I, Separation of Deleterious 
HAterial) lih.111 t:ot t,yceed 2 percent. 

Thnt r"lrt f0n (If th(~ coarse ag~regllt(: composed of synthetic aggregate shall meet 
tho L')l1owlnr. rcl\!lf('I::cnt~: The dry loose unit weight shall be at least 35 pounds 
pt'r c"hic fo,.t. whrn t('stcd in Accordance with Test Method Tex-404-A. The "Aggre
gat,· rrC'C'7.,,-Th.-.',: l.o~~;" shall not excc-ed 15 percent when tested in accordance with 
T"I't H('tillld Tf'x- I632-,\, TCl\lRl f\,EO. Thir; requirement may be waived when, in the 
jlHJg •. l'·nt of t~1f' [nC{l!('er ', thl' asphaltic concrete will not become exposed to 
frt'(' 7 I nt.: 81,ri th.1Wl11f,. Till" "i)re~Bllrc Slakinr, Value" shAll not exceed 6 percent 
vhl'n t,.r.tl·d In lICCl'f'{I;HICC witll Test l'!ethod Tex-43l-A, Tentative. 
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When it is specified that the coarse aggregate be sampled durine 
delivery to the plant, from the stockpile, or from the cold bins, th;~ 

material removed when tested in accordance with Test Hcthod TeY-2l"l-/ 
(Part II, Decantation) shall not exceed 2 percent. 

The plasticity index of that part of the fine aggr~gntc 
contained in the coarse aggregate passing the No. 40 
sieve shall not be more than 6 when tested by Test 
Nethod Tex-106,-E. HOHever, ,,,here the coarse aggregnte 
contains less thnn 5% of fine aggregate and the fine 
aggregate is of the same or similar material as the 
coarse Rggregate, the 1'.1. requirement for the mateJ."inl 
passing the No. If 0 sieve may be waived by the 
Engineer in wrHing. 

Where the fine aggregate in the CORrsc aggregnte is the 
same or similar material as the coarse aggreBate 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 sat isfae tor)' 

to the Engineer; and when the coarse Rggregate is fUl:tlL:l' 
sampled from the hot bins and tested in accordance with 
Test Hethod Tex-217-F (Part II, Decantation), the CIl1l0lmf: 

of material removed shall not exceed 1 percent. The 
material removed during the processinr; operation wn 1 he 
disposed of by the Contractor. 

When it is specified, that the coarse aggregate be sampled from the r c,t 
bins and tested in, accordance with Test Method Tex-217-F (Part II, 
Decantation), the amount of material removed shall not exceed 1 p",ci':nt. 
Where the fine aggregate in the coarse Rggregate is the same or s:i ii:;] ,1;:

material as the coarse aggregate, the P.I. requirement for that p~rt of 
the fine aggregate in the coarse aggregnte passing the No. 40 siev~ ~ny 
be waived by the Engineer in writing. 

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

Tests performed as specified herein shall represent material procu;~'d 
or placed until a subsequent test is performed. 
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The CORrse .sgi3rcgntc fohnl1 hr.ve 8n abras:l.on of not more than 40 pt:rcc-;I:': 
loss by \-,eight) unler.s othenvise S11O\-lll on plans) when sl\hj(~ctcc1 to the.: 
Los Angeles Ala"asi.on TC8t, Test 1-1ctllOd 'fex··1.10-A, except for Type "}''' 
(Non··sk:i.d Surface Course) 8nd Type "K" (Differentlal Wear Surface Cour:;('). 

l'he coarse Clf,gregate for Type "F" shall have an abrasion of not Tl'on' 
than 35 percent loss by wcir;ht ,vhen subjected to the Los Angelu; A1Jl .. (,~:jo;1 
Test. If grnve1 is used for Type "F", it shall be so crudled thClt 90 
percent of the partlcles retained on the No.4 sieve shall have ~orc tll~~ 

one crushed face, when tested in accordance with Test Method Tex-4l3-A (Parti~le 
Count), . 
The coarse aggregate for Type "K" shall be composed of t,·!O sepc::ratc 
materials. One s11all have em abrasion of not more than 30 percent 21l(\ 

the other s11a1l have Rn abrasion of not less than 30 percent and not 
more than 1.0 percent ,.,hen subjected to the Los An,ge1es 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 mann;:cr t1-1.-~t 
the total coarse aggregate including any coarse aseregate cont~illcd in the 
fine aggregRte stockpile shall be a mixture of material) 45 to 55 r(:rc~nt 

(based on volume) of \vhich \vl1l have a Los Angeles Abras:l_on loss of r.c't 
more than 30 percent) and the remainder will have a Los Angeles Abrnsion 
loss of not less than 30 percent and not more than 40 percent. If ~TRvcl 
is used for Type "K") it shall be so crushed that 90 percent of th!2 1'21-

ticles retained on the No.4 sieve shall have more than one crushed f~ce. 

The requirement for the Los Angeles Abrasion Test shall be waiv(:c1 for slag 
aggregate produced from burning coal. 

Where coarse aggreg.:ltes are 'supplied from b'lO or more sources) agt;Tc 3r:llc 
from each source shall be tested for compliance with Los Angeles Abrasion 
requirements prior to being combined Hith other aggregates. 

(b) Fine Agr,re~te. The fine aggregate shall be that pilrt of 
the aggregate passing the No. 10 sieve and shall consist of sand or 
screenings or a combination of sand and screenings. 

Sand shell be composed of durable stone particles free from injuriolls 
foreign matter. Screenings shall be of the same or similnr material "s 
specified for coarse aggregate. The plasticity index of that part of 
the fine aggregate passing the No. 40 sieve shall be not more than G 
when tested by Test Nethocl Tex-106-E. Fine aggregate from each satire," 
shall meet the P.I. requirement. 
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Wh~re stone screenings ore specified for usc, the stone screenings shQll 
meet tbe follO\.,ring grading requir~lncnts, unless otherwise shown on plr.ns: 

Pnssing the 3/8" sieve .•.•..••.•••. 
Passing the No. 200 sieve .••.••••.. 

100% by \o,d.ght: 
2 - 30% by \oJdr~,h t 

When authorized by the Engineer, stone screenings containing particl ~ s 

lm:gcr than 3/8" l11ay be used, but only that portion of the matedal 
p.:lf:sing the 3/8 fT sieve shull be considered as fulfilling the requiru!" ,'llts 
fdr screenings \~len a minimum percentage of stone screenings is speci i j~d 

for a particular mixture. 

\I11ll' 1"l" li1Jlt~stone rock asphal t screenings are specified for use, they L,,'lY 
be pit run. 

(c) Min~ral Filler. The mineral filler shall consibt of 
thoroughly dry stone dust, slate dust, portland cement, fly ash, or (,tIler 
mineral dust appl'oved by the Engineer. The mineral filler shall be frc," 
from foreign and other injurious matter. 

Hhen tested hy Test Hethod Tex-200-F (Part I, Dry Sieve Analysis) it she!ll 
me~tthe following gradinG requirements, unless otherwise shown on plH0s: 

Passing No. 30 sieve ••..••••.••.••. 
Passing No. 80 sieve, not less than 
Passing No. 200 sieve, not less than 

(2) Asphaltl c Material. 

95-100% by weig11 t 
75% by \.,re igl1 t 
55% by Height 

(a) Pavil~g }1ixture. Asphalt for the paving mixture sha 11 be 
of the types of oil asphalt as determined by the Engineer and shall m~et 
the requircIT:cnts of the Item, "Asphalts, Oils and Emulsions". The [;r.de 
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 l);e 
project. If more than one type of asphaltic concrete mixture is spc'cified 
for the project, only one grade of asphalt will be required for all types 
of mixtures, unless otherHise shown on plans. The Contractor shall notify 
the Engineer of the source of his asphaltic material prior to productiull 
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 shull seet 
the requirements for emulsified asphalt EA-llM, cut-back asphalt RC-2, or 
shall be a cut-back asphalt made by combining 50 to 70 percent by VOh''ii' 

of the asphaltic material as specified for the type cif paving mixtul"<.' \-lith 
30 to 50 percent by volume of gasoline and/or kerosene. If RC-2 cut-b~ck 
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 pnrccnt by volume. Asphaltic materials shall meet the reql:ire
ments of the: Item, "Asphalts, Oils and Effil1ls:l.ons." 
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J. Paving Hixtures. 

(1) ~s... The paving mixtures shall consist of a uniform mixture 
of coarse aggregate, fine aggregate, and asphaltic material. The grading 
of each constituent of the mineral aggregate shall be such as to produce, 
when properly portioned, a mixture which, when tested in accordance with 
Test Method "Volumetric Sieve Analysis of Fine and Coarse Aggregate" 
(Attached) will conform to the limitations for master gradinr given below 
for the type specified. 
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Type "A" (Coarse Graded Base Course): Pe rc (>:.1 '. 

By Ab so 1u tr~ ',';) j 'j ; ;, ' ; 

Passing 2" sieve ......................................... 'i ' ••. 

Passi.ng 1-3/4" sieve ......... .: ........................................ .. 
Passing 1-3/4" sieve, retained on 7/8" sieve ..... . 
Passing 7/8" sf eve, retwi.ned on 3/8" sieve ••••••• 
Passing 3/8" sieve, retained on No.4 sieve •••••• 
Passing No.4 sieve, retained on No. 10 sieve •••• 
Total retained on No. 10 sieve ••••••••••••••••••• 
Passing No. 10 sieve, retained on No. 40 sieve ••• 
Passing No. 40 sieve, retained on No. 80 sieve ••• 
Passing No. 80 sieve, retained on No. 200 sieve •• 
Passing No. 200 sieve •••••••••••••.•••••••••••••• 

100 
95 to lOt) 
15 to If 0 
15 to 40 
10 to 7'5 

5 to 2:) 
65 to 80 
o to 20 
3 to 15 
2 to 15 
'0 to G 

The asphaltic material shall form from 7 to 14 perceld: <'.':": 
the mixture by volume. (Absolute Volume) 

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

Passing 1" sieve ............................................................. .. 
Passing 7/8" sieve ........................................................... .. 
Passing 7/8" sieve, retained on 3/8" sieve ••••••• 
Passing 3/8" sieve, retained on No.4 sieve •••••• 
Passing No.4 sieve, retained on No. 10 sieve •••• 
Total retained on No. 10 sieve ••••••••••••.•••••• 
Passing No. 10 sieve, retained on No. 40 sieve ••• 
Passing No. 40 sieve, retained on No. 80 sieve ••• 
Passing No. 80 sieve, retained on No. 200 sieve •• 
Passing No. 200 sieve ..•••••••••••••••.•••.•••••• 

100 
95 to 100 
20 to .'10 
10 to L,O 

5 to 25 
55 to 70 
o to 30 
1+ to 20 
3 to 20 
o te 6 

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

Type "c" (Coarse Graded Surface Course): 

Passing 7/8" sieve ............................... 
Passing 5/8" sieve ............................... 
Passing 5/8" sieve, retained on 3/8" sieve ••••••• 
Passing 3/8" sieve, retained on No.4 sieve •••••• 
Passing No.4 sieve, retained on No. 10 sieve •••• 
Total retained on No. 10 sieve ••••••••••••••••••• 
Passing No. 10 sieve, retained on No. 40 sieve ••• 
Passing No. 40 sieve, retained on No. 80 sieve ••• 
Passing No. 80 sieve, retained ori No. 200 sieve •• 
Passing No. 200 sieve ........••••••••••.•••.••••• 

100 
95 to 100 
15 to 40 
10 to 35 
10 to 30 
50 to iO 
o to 30 
4 to 25 
3 to ~5 

o to 6 

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

Absolute Volume 

Passing 1/2" sieve ........................................................ 100 
Passing 3/8" sieve ................................................................ 95 to 100 
Passing 3/8" sieve, retained on No. 4 sieve ................ 20 to 50 
Passing No. l~ sieve, retained on No. 10 sieve ............ 10 to 30 
Total reta:Lned on No. 10 sieve .. ......................................... 50 to 70 
Passing No. 10 sieve, retained on No. 40 sieve ......... 0 to 30 
Passing No. LfO sieve, retained all No. 80 sievto! .......... 4 to 25 
Passing No. 80 sieve, retained on No. 200 sieve ........ - -3 to 25 
Passing No. 200 sieve .. .......................................................... 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): 

Passing No. 4 sieve ...................... ., ........................................ 100 
Passing No. If sieve, retained on No. 10 sieve ...... " ... 0 to 5 
Passing No. 10 sieve, retained on No. 1:-0 sieve .......... 15 to 40 
Passing No. 1~0 sieve, retained on No. 80 sieve .. '" ...... 20 to 45 
Passing No. 80 sieve, retained on No. 200 sieve ........ 12 to 32 
Passing No. 200 sieve ............................................................ 7 to 20 

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

Type '.'E" }lod_. (Sheet Asphalt Surface Course): 

Coarse aggregates for Type rtE" Hod. shall 1H::! crushed material or a com
bination of slag aggregate and crushed stonc. Fine aggregate shall be as 
shown elsevlhere in this specification. 

The master grading for Type "E" Hod. (Sheet Asphalt Surface Course) shall 
be as fol10wsunless otherwise shown on plans: 

Hhen Slag flggr. 
is Used 

% by Ah;,~ol. Vol. 

Passing 1/2" Sieve ..••.•....•...• -..• 
Passing 3/8" Sieve .....•...••..•.••. 
Passing 3/8" sieve, retained 

on No.4 sieve ..•..•.•• 
Passing No.4 sieve, retained 

on No. 10 sieve ...•... 
Total Retained on No. 10 sieve ....•. 
Passing No. 10 sieve, retained 

on No. 40 sieve .....• 
Passing No. 200 sieve .............. . 

100 
95-100 

15- 50 

10- 30 
35- 60 

15- 50 
2- 10 

When Crushed 
Material is Used 
% by Absol. Vol. 

100 
95-100 

15- 50 

10- 30 
50- 70 

5- 30 
2- 10 

The asphaltic material shall fornl front 112 
by volume. (Absolute Volume) 

to 22 percent of the mixture 
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'l'ypc 
J 

"1"" (Non·· ~;ld.c1 SlIr[ncc Clltlr:;('): . .I\1Isol. Vol. 

Pa~d.ng 3/8 1f sicve ••••• It ........................................ fI 100 
})assi.ug 1/ It If sieve .................................................. 95 to 100 
Pas[>ing 1/ ll" sieve, rc I: <l inc(l Oll No. 10 d.cve II" ...... 55 to 70 
Passing No. 10 s1.eyc, rr> !:;d.nec1 on No. 110 sieve · .. 0 to 2" .J 

Pass:l.ng No. 110 si (~vC, r(' t. n:l. no c1 on No. 80 si.evc · .. 3 to 17. 
l'assing No. 80 siev(" rc t ,I J neel on No. 200 sicvp.· •• 2 to 10 
Passi.ng No. 7.00 ~feve ........... , ....... " ........ " ....... 0 to 6 

The lwphCl1tic m.::ter:l.:l1. dw11 form frotn 8 to 15 percent of 
the mixture hy volume. (Absolute Volume) 

Type "Kif (Differcntial \-lear Sur [ace Course): 

Pas~ing 1/2" sievc .................. 41 ................... 100 
Passing 3/fV' sievE' ...... t ...................... ~ .......... 95 to 100 
P;\Ssi.ng 3/8" sieve, ret<1:Ln,:~c1 on No. l~ si.eve ........ 20 to 
Passing No. l~ sieve, retained on No. 10 s1.evc ........ 10 to 
1'ot81 rct<1ined on No. 10 s1.eve •••••• t' .................. 50 to 
Passi.ng No. 10 sieve, ret[d.ned on No. 110 sieve · .. 0 to 
}OnSs:!.ng No. lfO sieve, retained on No. 80 sieve · .. II to 
Passi.ng No. 80 sjcvc, reta:!necl on No. 200 sieve .. 3 to 
Passlng No. 200 sieve .. ........................................ 0 to 

The asph[tl t:l.C mated.<11 shR11 form from 9 to 19 percent of 
the !ni.xture by vo~.ull1e. (AbsJlute Volume) 

Type "Nil (Rcqui.rcll1ents as shmm on Plans): 

The specification requirements will be shown on the plans for 
the follo,",ing: 

Type of aggregate 
Los &lge1es Wear for coarse aggregate 
Master grading and range of asphalt content. 
Density 
Stability 
Number of hot bins and eradation of aggrq~ates i.n each bin .. 

50 
30 
70 
30 
25 
25 
6 

Master graclings for tIle types of mixtures listed ahove are bascd on the 
ah~olute volum.:! of the aggregate particles ,dthin the vari.ous sieve sizes 
and ab.so11..ltc volume .of the asphalt at 77 0 F. 

The ~gineer will make laboratory ~ix designs from samples of materials 
proposed for use bv the Contractor. I~ designs will be made followiTl,l! 
procedures outlined in "Desif,n of Bituminous l·ti.xtures (Volumetric Design)" 
(Attached). After an acceptable mixture meeting volumetric grading 
requirements is determined, the EnPineer will furnish the Contractor with 
proportions of each material to be used based on weight. 

(2) To1~!"ance.:?. The EngIneer shall designate the weight of each 
81:-:e of aggregnte and ,·,reight of <1sphal t which will produce an accept<1b1c 
mixture 'v,lthill lTI"1ster vohllilctric ~l'ac15.n~ requirements. 

Th~ pavin~ mi.xturc produced shall not vary from the desi.gnatcd grac1i.n~ 
end BS~lalt content hy more thgn the tolerances allowed herein and shall 
rellldn ll:!th:l.ll tlle 1illJitati.ollS of the master grac1i.ne specified. The 
respect:l.vc tolcrm1ccs, based 011 the percent by VOlU111':: of the m:!.xtllrc, 
arc l:1.stcd as [ollows: 
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l)iI[:~;';j~f~ 1.-3//1" sJC'vc, n~t:d.nccl 011 7/B" si.eve •••..••.•• 
r:t,:~:J~~~') 7/'0 11 r.icvc, l:ctc:d.npd on 3/B" sieve ••••••.••••• 
l'asG:;'!~'. 5/3" 8](,V[" ret.1lned on 3/8" sieve •••.••••••.. 
})i1S,;:i.1Ji~ 3/8" slcve, J:etc:tined on No.4 sieve ••.•••••... 
l'as~ "11.[; 1/ !~" d (~ve, retained on No. 10 sfeve .•••••••.• 
I'[:.f:d!':~; No. It s:I.eve, r('t[d.l~cd on No. 10 sieve ••.••.•.• 
rl'ot,:~J r(~t~ti1").cu O!l l~o. 10 &ievc ....................... : •• 
l'':U:~;;;I2. Ho. 10 sJeve, rct[d.ncc1 on No. 1~0 sieve •••••.•• 
I'dl;,;:i"f; N,). 1,0 dcve, retained on No. 80 sieve ••....•• 
r2~s;n~ No. 80 sleve, retained on No. 200 sieve ..••..• 
r;lf,S~;.liL lJo. ?OO sfc\Te ...................................................... . 
!l.~:pl~~: l·t~ 1,l.':'ttc1."itll ••• " ••• , ............................................ 4 

}'cn;ent by 
Absal. Vol. 

p J. u r; or 1'1:\ )111:; 

plu;, or nd. J"llJ ,; 

plus 01" lllin;I~; 

phlf; OJ: llLi. nu f; 

plus or Ifdn\1.'> 
plus or wi n l! :; 

ph,,; OJ:' )',d. nu s 

pluc; or Wi.Tl'.':; 

plufJ or p'!'Lnus 

plus or 1:15.1' 11 f~ 

phl~ or li'1. nlJ::; 
p 1. u ,; or minus 

1';!~ t:'.-'1.e cmtl <J1ll0unt of the mi.xture used shall be as sped.fled on the 
pL~n~; . 

Shc,::J(~ ttC' l't.v1.nz mb:turc produced vary from' the designated r;rnc~:i.nr; [mG 
[!sl'h,,~t ('(",L;:nt by more them the above tolerances, proper chfll1gcs are to 
be )o;~,<.lc u';Ul it is within these tolerances. 

(3) ~raction Te~J. Samples of the mixture when tested in accordance 
with Test Hethod 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) .S..f']:',~linp' all.9 Testi.n.g. It is the intent of this sped.fication to 
proGuce Q :.:d.xture "lhich \o7hen designed and tested in accordance ,dth these 
spcci:Llcd l(J;ls-~al1d methods outlined in ASTH D- 2041-64T will have the 
following laboratory density and stability: 

Density, Percent 
Min. Max. Optimum 

Types A, n, C, D, E, F, K 95 99 97 

'l'ypc E Mocl. 92 9B ·95 

Stability, Percpnt 

Not less than 30 
unless otherwise 
shmvn on plans. 

-Not less than 30 
unless otherwise 
shm\'n on plans. 

Stal)Jlit:y cmu ciensity tests are control tests. If the Inboratory stability 
anc1/o;:' U:.:ll~;j.ty of: the mixture produced has a value lo,\·wr th,11l that spec:i.
f:l.r:d, <:'.1,1 Ll. the) oplnion. of the Engineer fs not clue to chnnge in source or 
qu,c:llL)' o~ Hl.Jtcd.;11s, prooucti.Oll may proceed, and the mb: f.halJ be cl},:;1t;cc1 
UI'U 1. tile lahOL~l:ory f;tah~.lity anel density equals or exc0.ec1~ thL Rp,"clfiecl 
v:'l1;:·.::;. Jf there is, 1.n the opin:l.on of the Engi.neer, an app~l.'C'nt cll,1112;C 

in <~lly J;l~'l'c'j':r:,l [n,nl tl1ilt: u:~cc1 in the desi.gn mixtures, I'l'oducl"ioa ",iLl 110. 

c15.~,{'(»):UllU'r1 llnt:ll :l 11(:\-l desiGn mb:t1.ll"c is c1ctcrm:l.l10.d hy 1.1.'1.::1 mixc;.;. 
1961.000 
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(1) J:r:L:).jl~~~1?J ;).11J.:li. Ni:d.ng plants that \olill not continuoudy produce 
El K{xt1J)~(, llk~ctillf, .111 of the rcquh:(~l11ent:s of thIs specificatioll \vi11 he 
c()lld"\:~.l.1ec1. 

l1:L:·::in0 p1c,n:-~~ may he cdthcr the md.ght-·batching typE:! or tl~e continuous 
m:i>:inz, t:nll'. BoUI t.yp.~s (If p1 <mts sh;1ll h2 equi.pped witll s;)tip,{nctory 
C(l)lY,~yOl·S, PCl'.-.'cr units, aggr(~ljClte handliuLj cquipJnC'nt, hot aggreljate screens 
a!.d bins cill(l dust collcc!:on;, 2.nd shall consist of the following essentin1 
PJ,~CC s of cqu:!.pm(.-nL. 

eol(UggEC':B.~-:~e JJ_in and P~~.9rtiol~Llli? Dev}.ce. The aggregate 
bin 8h<111 1,<:lVC at least four compm~tmcnt~ of sufficient size to store the 
a;nount of <Li;,gregn.tC' required to keep the plant in continuous operation 
alJ(1 of propl2r dcsj gll to pre-vent overflo\-] of material of one bill to thnt 
ofnIlot.bcr bin. Tho propol-t ioning device shall be such ElS will provide 
a tmiform "nd conU.lllwus fJ.0\·7 of <1[;gregate in the desired proportion to 
the dryer. Each nLgrq~a te shnll be proportioned in a separate compartment. 

Dr>:L>r. The dryer 511<111 be of tbe type that continually 
agltiltes tIl(! aggregate during heati.ng and in which the temperature can be 
so controlled that aggreg2te will not be injured in the necessary drying 
and l18<lting operations required to obtain a mixture of the specified 
temperature. The burner, or combilwtion of burners, and type of fuel 
used shall be such that in the process of heating the aggregate to the 
desired or specified temperature, no residue from the fuel shEll1 adhere 
to the heated aggreg.qte. A recordlng therHlometer shall be provided which 
will record the temperature of the aggregnte when it leaves the dryer. 
The dryer shall be of sufficient size to keep the plant in continuous 
oper<1tion. 

Screening <1nd Proporti.oning. TIle screening capacity and 
si7.e of the bins sha1T-besufficient to screen and store the amount of 
aggregate required to properly opcrnte the plant and keep the plant in 
continuous operation at full cnpacity. Provisions shall be made to en
able inspection forces to have easy and safe access to the proper location 
on the mixing plant \o7here representative s<1mples may be taken from the hot 
bins for testing. The aggregate shall be separated into at least four bins 
'\-7hen p!"oducing Type "A", Type liB", and Type "e" mixtul-es; at lenst three 
bins uhen productn3 Type "D" anc1 Type "K" mixtures; and at least two bins 
w-hen proctl.lc ing rrype "E", Type "E" Hod., Elnd Type "F" mixture s. If mi.neral 
filler 1.5 nc(:dcd, em ndcHtional bin shall be provided. These bins sh;111 
contain the fo11o-.7:1.ng sit'.cf: of nggrcgntcs "hich shall be based on "Percent 
by Volume" \'/Ilen synthetic a~gregate is used and "Percent by Height" when other 
aggregates are used: 
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Type "A" (Coarse Graded Base Course): 

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

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

lHn No.3 --- \v1.11 contain aggregates of \vhieh at lC'nst 75 
percent by weight will be of such size: ."'1S to 
pass the 7/8- inch sieve Dnd be retain<od on the-
3/8-inch sieve. 

Bin No. l~ --- \vill contain aggregates of which at least 75 
percent by \veight \-Till be of such size uS to 
pass the 2-inch sieve and be retained on th2 
7/8-inch sieve. 

TYPQ "B" (Fine Graded Base or Leveling-up 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 lc;;.st 70 
percent by weight will be of such size [lS 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 by weight will be of such siz~ as to 
pass the 3/8-inch sieve and be retain0d on the 
1/4" sieve. 

Bin No. 4 --- will contain aggregates of which at least 75 
percent by weight will be of such size ~s to 
pass the 1 inch sieve and be retained on the 
3lB-inch sieve. 
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Type "c" (Coarse Graded 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 --- \"ill 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 --- 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. 

Bin No. 4 --- will contain aggregates of which at least 75 
percent by weight 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 Hear 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 --- wi.l1 contain aggregates of which at least 70 
percent by weight will be of such size as to 
pass the l/L~" sieve and be retained on the 
No. 10 sieve. 

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

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

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

Bin No. 2 --- will contain aggregates of ~lich at least 75 
percent by weiEht will be of such size as to 
pass the 3/8" s5.eve and be retained on the 
No. 10 sieve. 

~gregate \..Jeight Box and Eatching Scales. The aggregate 
'veight box and batching scales shall be of sufficient capacity to hold 

and 'veigh a complete batch of aggregate. The weight box and scales shall 
conform to the requirements of the Item, "Weighing and Measuring Equipment." 

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

If a pressure type flow meter is used to measure the asphaltic material, 
the requirements of the Item, "Heighing and Measuring Equipmo;nt" 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 saUle shall be such as to give a 
uniform nnd 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 'vil1 be tested by the extraction test and must 
show that the batch is unifonn 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 Hixing Type. 

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

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

Screeninr: and Proporti.ontng. Same as for weight-batching 
type of plant. 
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Hot A~:EQ!:~ Pro~c>rtt.9!25_ !I~~ Dev:l.~.9. The hot aggregate 
proportfon:l.ng device shall be so dr::siL:,ncd that when properly operated 
a uniform and continuou~ flow of nggrc~atc into the mixer will be 
mnlntaincd. 

Aspha1 ti.c::~ntednl_2.PE~1.): ~~!. The asphaltic material spray 
bar shall be so designed that the aspl1Q1t will spray uniformly and con
tiuuous1y into the mixer. 

Mixer. The wixer shall he 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 thorol1f,h and uniform mixing of the ar;gregate with the asphaltic material 
shall not be used. 

Truck Scalc.!i. A set of standard platform truck scales, 
con.forming to the Item, I1Weighing a!lcl Heasuring Equipment," shall be 
placed at a locatlon approved by the Engineer. 

(2) A~pha1tic Material H(;ating J<;guip"~nent. 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 ",hich shall be absolutely tight. Direct fire heating of 
asphaltic materials will Lc permitted, provided the heater used is man
ufactured by a reputahle concern Clnd there is positive circulation of the 
asph.::l t throughout the heater. Agitat:i.on ,vith steam or air will not be 
permitted. The heating Rpparatus shall be equipped with a recording 
thermometer 'vith a 24-hour chart that ,vi11 record the temperature of the 
asplH:ltic material when it is at the highest temperature. 

(3) Spreading and Finishing Machine. The spreading and finishing 
machinc-.shall-be ofa .type-approved by the Engineer, shall be capable of 
producing a surface thClt 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 mnnner 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 contnct betHeen the rear wheels of the hauling equip
mcnt and the pusher rollers of the finishing machine while the mixture is 
being unro-id-ed. 

AnYv.ehiel_~_~!J._ich the fini_shing machine cannot push or propel in such a 
manner as to obtain the desired lines and grades without resorting to hand 
finishinz 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 ffiltomatica1ly operated in such a manner 
that overloading the finishing machine being used cannot occur and the 
required lines and grades will be obtained without resorting to hand 
finishing. 
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Dumping of the asphaltic mixture in a windrow and then placing the mixtur:e 
in the finishing machine with loading equipment will be permitted provided 
that the loading equipment 1.s constructed and operated in such manner that 
substant1.a11y 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 ,.yithout 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) ~. The use of forms will not be required except where 
necessary to support the edges of the pavement dur:l.ng 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 se1f
propelled power motor grader; it shall be equipped with smooth tread 
pnettPlfltic 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 t1.ght and 
in good operating condition and approved by the Engineer. 

(6) Pneuillatic Tire Rollers. The rollers shall be an acceptable 
medium pn-;U-;atic tire roller conforming to the requirements of the Item, 
IIR011ing (Pneumatic Tire)lI, 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) T,·m Axle Tandem Roller. This roller shall be an acceptable pm.yer 
driven tandem roller weighing not less than 8 tons~ 

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

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

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

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

(11) Str.§lightedges and Templates. 
Contractor shall provide acceptable 10 
testing. Satisfactory templates shall 
Engineer. 
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(12) All equipment shall be maintained in good repair and operating 
condition and shall he approved by the Engineer. 

(1) Stockl2il:0.~.g~~~r~~E:'l;ateR.' Prior to stockpiling of aggregates, 
the area shall be cleaned of trash, weeds and grass and be relatively 
smooth. Aggregates shall be stael,piled in such a manner as to prevent 
mixing of one aggreGate with another. Conrse aggregates for Types "A", 
"B", and "c" shall b8 sepm."Atcd into at leAst t,vo 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 \\'hen the piles are combined in the asphaltic mixture. 

Coarse aggregates for Type "1(" shall be separated into at least two 
stockpiles of different abrasion chAracteristics as herein specified. 
The t,-!O stockpiles may be of the saTile or s5.milar gradation. 

No coarse agsregate 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 aseregatc stockpiles may contain 
small coarse aggregate in the amount of up to 30 percent by weight; hm-7ever, 
the coarse aggregate shall ucet the quality tests specified herein for 
"Coarse Aggrec;ates". Suitah]e equipment of acccptnble size shall be 
furnished by the Contractor to work the stockpiles and prevent segrecation 
of the aggregates. 

(2) StorClf,e and Heating of Asrhn1tic Hateria1s. The asphaltic 
material storage shali-be-mnple tomcet the requircments of the plant. 
Asphalts shall not he heated to a temperature in excess of 4000 F. All 
equipment used in the storage and h<mdling of asphaltic materials shall 
be kept in a clean condition at all tim~s 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 aggregatetotne-aryer shall be done through the cold aggregate bin 
and proportioning device in such a manner that a uniform and constant flm-1 
of materials in the required proportions will be maintained. The aggregate 
shall be dried and heated to the tc~~erature necessary to produce a mix
ture having the specified temperature. In no case shall the aggregate be 
introduced into the mixing unit at <l temperature of more than 4000 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 weic;ht using the ,veight box and batching scales herein specified when the 
\-leigllt-batch type of plant is used and by volume using the hot aggregate 
proportioning device when the continuous mixer type of plant is used. The 
asphaltic material shall be proportioned by weight or by volume based on 
weight usinr; the specified cquipinent. 
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(a) )~~!:~h:J'-.l.'l'~",J·Ji~~E. In tbo char131.1113 of the wd13ht box and in 
the ch:1rg:l.ng of the miXC1~ frul\l the Height box, such methods or devic0f: 
shall be used ag nrc necessary to secure a ulliform asphaltic mixture. In 
introducing the batch into the liIixer, all lldneral aggregate shall he 
introduced firstj shall he mixed thoroughly for a period of 5 to 20 
seconds, as dircctc~, to unifoYliIly distribute the various sizes throughout 
the batch hefore the asphaltic mated.a1 is added; the Clspha1 tic TIIat(~rial 
sh:l11 1:11('11 be added and the mixing continued for a total mixing period of 
not less than 30 secon~s. This mixing period may be increased, if, in 
the opinion of the Engineer, the mixture is not uniform. 

(b) i~Q}!U-.!!~l.oJ:..l~_T...Yr!.c~J!Jxer. The amount of aggre13ate and a sphal tic 
nwterial 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 ",111 be produced. 

(c) The mixture prochlced from each type of mixer shall not: vary 
from tIle specified mixture by more thRu the tolerances herein s~ecified. 

(d) The aspkl1t:1.c mixture shall l)e at a temperature betvcel1 
2250 F. and 3500 F. when dumped from the mixer. The Engilleer ,·,i11 de
termine the temperature', \Olithin the above limitations, and the mb:ture 
,·,hen U1Wlpcd fro~l the mixer shall not vary from this selected tcmpcn1ture 
hy 1l10rc than 25 F. 

6. CC?l~?.t.T~\ctjon N('~th~)d~. The pd.me coat, tack coat or the asphaltic 
mixtUi.:c '::1en placed "lith a spreadin13 ~nd finishing machine, shall not be 
p10ccd '·.'hell the 8ir temperature is be10H 500 F. and is fa11in~, hut it 
Wly be placed ",hen the air ten'pcrature is 8bove LfO O F. and is risinr,. 
The asphaltic mixture ,·,hen pl[lced "'ith a motor grader, shall not he placed 
'~len the air tempcrature is below 60° F. and is falling, but may be placed 
when the air temperciLure is ahove 50° F. and is risin13. The air tempera
ture 811<111 be t.aken in the shade m·wy from art ificL.ll heat. It is furthe): 
provided that the prime coat, tuck coat or asphaltic lnixture shall be 
placed only ,·.'hen the hl1ll1idity, general "e8ther conditions and tcmpcl.."aturc 
and moisture condition of the base, in the opinion of the Engineer, are 
suitable. 

If the temperature of a lOo1d 0:::: t~-,c acphaltic mixture or any part of a 
lond becomes 50° F. or marc less than the temperature selected by the 
Engineer under Article 5.(5) of this specification after being duwped 
from the mixer <1nd prior to plC1cing, all or any part of the load It'ay be 
rejected and puymcnt will not be made for the rejected material. 

(1) JdmC'_~o.'lj.;. If a pdlile cant :!.s rcqulred, it shall be applied 
and paid for as a sepn~nte item conforming to the requirem~nts of tile 
ItClIl, "Pr:I.mc CO.:1t", except tile air tcmperatt.lre at tim2 of application shall be as 
provided al)ovc. The tack coat or Clsprlalt concrete shall not be applied 
on a prc,,:loudy primed flexi.1,lc base until the prtimed base has completely 
cured to the s.:1U.sfactJon of tlte En[;:i.neer. 
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(2) Tack Coat. Before the asphaltic mixture is 1aj.d, the surface 
upon \",hich the tack coat is to be placed shall be cleaned thoroughly to 
the saU.sfaction of the EngjllC'er. The surfncc shall be given a uniform 
application of tack coat under "Asph.1itic MateL:.a1" of this specificCltion. 
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. Hhere the mixture will adhere to the surface on which it is 
to be placed without the usc of a tack coat, the tack coat may be elimi
nated by the Ellgineer. 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 cont shall be rolled with a 
pneumatic tire roller as directed by the Engineer. 

(3) Transl?.9..rting Asph<ll Uc Con~re~t~ The asphaltic mixture, pre
pared as specified above, shall be hnuled 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) Plad.ll3. 

(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 prop~rly 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 sh3ll 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 for~s, binder twine or cord ~~all be set to line and grade 
established by the Engineer. Hhen directed hy the Engineer, level-up courses 
shall be spread with the specified motor grader. 

(c) Hhen the asphaltic mixture is placed in a narrOH strip along 
the edge of an existing pavement, or llsed to level up small areas of an 
existing pavement or plnced in small irregul<lr 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 C2n be 
obtained by other approved methods. 

(d) Flush SJ:ructu!:..E~~. Adjacent to flush curbs, glitters, 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) Compactin~. 

(a) As directed by the En~) !'_·'.:r, t i ". l'cnN~rn0nt 8ha1l be com
pressed thoroughly and uniformly \d.th tlJ(! sp«~ifj.(~d rollers. 

(b) Rolling w:tth the three "lL __ ·l and t:Uldem rollers shall start 
longitudinally at the sides and p!,'"occ' .. : 'i:o,!:~'-rl. the center of the pavement, 
overlapping on successive trips l)y i:'~ l(~::,;t ):;I:U:' the \.:ldth of the rear 
wheels, unless otherwise c1irectccl by t:l:' En~:;·iw~(;r. Alternate trips of 
the roller shall be slit;htly differl: 1 )',,: i.' ll.!j",tli. On f;upcr-elcvated 
curves, rolling shall bCf~;in Clt the 10\1 ~:i.de ";j(~ progl-e5~> toward the high 
side, unless othen-lise directed by ttl(' l::-,;;i,](·.:r. Rollir.g with pneumatic 
roller shall be done as directec1 by t}H.' En;;;L':'::r. Rolling shall be 
continued until no further compressL,)\ c,n 1·(; o'bi' . .:dn,?d and all roller 
marks are elimin<:ted. One tandt:il' roIL.', o!)(: 1,nCLtll)Gtic roller, and at 
least one three '\1heel roller, as SPE'C i {::.,,~r1 :;k~.re, shall be provided for 
each job. If the Contractor elects, 1) ~: 1)1'!), ::,:.!b;~t:i,tute th2 three axle 
tandem roller for the two axle t.:::IDU'·~i ~olh'J" ::;y1ior tl1C three wheel roller; 
but in no case shall less than thrc( l:r J len: ],:,3 in use all each job. 
Additionn1 rollers shall be proY:ldecl :,:: :~c8d,·J. The r.ntion of the roller 
shall be slO\v enough at all times tu ~:'.,)ici C::':":i,l:1.CCT',·2nt of the mixture. 
If any displacement OCCUrf" it shClll 1,,~ con','::!:2d at once by the use of 
rakes and of fresh mixtul'e '\-111e1"(' l~CC;I!;.,-",l. '1'llC' n)ll(~r shall not be allowed 
to stand on pavement which has ne,t Lt'''_ :f.ul}~; c':>l)'pacteci. To prevent ad
hesion of the surface mixture to tho r011er, Lh2 '\-1heels shall be kept 
thoroughly moistened with "ater, but: ;"l [<::Cf:'::.'; of. ~:nt(!r ,·ri11 not be per
mitted. All rollers must be in gope: L . .-·cl12.n1c:tl conditi.on. Necessary 
precautions shall be taken to prt:vcl''= I:)" c!>:l·l:p::.n::; of gasoline, oil, 
grease or other foreign flwtter on the P':-"C':'':'.:lll:, either vlhen the rollers 
are in operation or when standing. 

(c) Hand Tamping. The ed~'/';, r;.f tb:: p:1vem(!nt <'llong curbs, headers 
and similar structures, and all pla<>' ,: :'ot i:r~,.:·ssible to the roller, or in 
such positions as will not allolv' thel :)':,11 c,~',:?:~ction ~vith the roller, shall 
be thoroughly compacted with lightly c·:Lled t.:~:I.!;S. 

(d) Rolling \vith the trend LYi)e n.ller ~vill be required on 
widening areas in trenchr::s and other l~,n:itcd i.l1:c·as "There satisfactory com
paction c;mnot be obtained \vith the l:ln't.'·~ \;I,(;cl and tandem rollers. 

(6) Surface Tests. The surface o~ the pavement, after compression, 
shall be smooth and true to the cst:tbjjrh~ll 1:ill'-', gr[jde and cross section 
and, when tested \vith a 10 foot "trai ;)l:t:'dS(' 1. 1 aced PClrallel to the c(~nter
line of the roadw:lY or by othel- equivnL,!,t ,:',1(i Hcccptable methods, the max
imum deviation shall not exceed liS-ill:::;, to 1:; feet, except as provided 
herein, and any point in the surf;;ci' no,- Ir.celing this l:equirement 
shall be corrected as directed by the' En,c;ineer. When the pavement is 
placed on existing surfaces, the l/B inch deviation in 10 feet requirement 
may be waived by the Engineer. 
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(7 ) .Qj~(~1..l) II t,--t..9 .. :r ~'~[.i.': . 
when directed hy the Engil](·C'J:. 

Tlw p;\Vcme nL [;h.111 be opellcd to trilfftc 
AU con"t.r uct:ion traffic a110wc:cl on tIle 

SLAte ] a\.JS governing trclffic on hi ghw<lYs. pavement sh<l11 comply \vitb the 

If the surface rilvclr;, it ,·;j11 he the COlltrnctor's rcspon~;:Lbi1ity to 
correct this condition at his expense. 

7. Neasurement. 

(1) Asph~~2:.£.S.~!~c.:.rc~!J:. Asph~lLi.c concrete will be measured ~;(!parately 

by the ton of 2,000 pounds of "Asphalt" and by the cubic ynrd of lahoratory 
compacted "Aegregate" of the type actually used in the completed and accepted 
work in accordance with plans and spccification~ for the project. The volume 
o~ aggregate in th~ compacted mix shall "be calculated fr~m the measured ~eights 
of the asphaltic concrete by the following formula: 

v W 
62.4 (27)Ga 

Cubic Ynrds of compacted aggregate 
Total v:eight of asphaltic concrete in pounds 
Average specific gravity of three molded spccin~ns 
as prepared by Test Method Tex-206-F and determined 
in accordan'ce "'ith Test Method Tex-207-F. 

The weight "iV", if mixing is done by a continuous mixer, will be determincd by 
truck scales. Weight, if mixing is dene by a batch mixer, will be determined 
by batch scales and records of the number of batches, batch designs and weight 
of asphalt and aggregnte shall be kept. 

For the first day's production, the average specific gravity of specimens Molded 
during laborCitory design of the mix sh3ll be used in the volume conputatic'll 
formula. For each subsequent day's production, tIle average specific 
gravity of specimens ~'olc1(:d from the previmls (L1Y'S production shDJ.l be used. 

(2) Tack.i:~at. Tack co:.t will be m8"sllred at 
on the road ill gallons at tIle <l pplied tempcrnturc:. 
kerosene is added La the cut-back asphalt for tack 
me~surement will bc m3de after mixing. 

the point of <>pplic,;tion 
~lcn gasoline and/or 

coat, as ordered, 

(1) The work performed and materials furnished as prescribed by this 
item and measured as provided under "Heasurement", will be paid for [It tlle 
unit prices bid for "Asph<1lt" and "Aggregate", of the tYP2S specifiec1, 
which prices shall each be full compensation for quarrying, fund.shiu 0 <111 
materials, freight involved; for all henting, mixing, hauling, cl03ni1:(; of 
the existing base course or pavement, placing asphaltic concrete mixture-, 
rolling and finishing; and for all manipulntions, labor, Lools, equ:ipw:;;t 
and incidentals necessary to complete the work, except tack coat and prjl~c 

coat "hen l·equircd. 

(2) The tack cont, mCClsured as prov5.cled under "Heasurc\l1cnt" \-,'ill bt, 
paid for at the unit price hid for "Tack Coat", ",hich price shall be fl'] 1 
compensation for furnishing, preparing, hauling and placin~ the aspl1altic 
materials of the grade used; and for all mnnipulations, lahar, tools, 
equipment and incidentals necessary to complete the vwrk. 
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(3) The prime coat, pcrfonp,:;cl ".rtp -;" , j,"cq',l:ixc:u, will be measured 
and paid for in accordance with the P'"',Y;";j,,,:·; ~~o'.;crning the Item, 
"Prime Coat." 

(4) All templates, straighL'dgc-u; ';('.H1(:;; ~llid other weighing and 
measuring devices necessary for thc! },::'C'j,,',r C()l,l:-trclction, measuring and 
checking of the work shall be furnifJ:';'c(:, OPl'I'Lltcd and maintained by the 
Contractor at his expense. 
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APPENDIX II. 

Design of Bituminous Mixtures (Volumetric Design) 



Scope 

DESI(;N OF HTTUMINOU;:; MIXTmmS 
(VOLUHETRIC llESIGN) 

Thi3 procedure provides a mGaDS to detrrmine the proper proportions 
of approved aggregates and asphalt which, when combined, will produce 
a mixture tl10t will satisfy the specification requirements. An example 
of a typical design procedure is included in this teflt 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 aud the asphalt. 

Procedure 

1. Obtain and identify representative sRmples consisting of approxi
mately 50 pounds of each type of material or each size aggregate propoGed 
for use, and dry to constant weight Rt a temperature of 200 0 to 2300 F. 

2. Secure laboratory size sample of each aggregate by carefully 
reducing the amount of material by quartering as outlined in Test Method 
Tcx-200-f. 

3. Determillo the sieve anAlysis as outlined in Test Method Tex-200-F 
using the sieve sizes RS set forth in the specifications for the type mix 
desired, ar~ the bulk specific gravity of each size aggregate in accordance 
with Test Methods Tex-201-F or Tex-202-F for natural aggregates. For 
syntlletic 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 
Absorpt ion Charac ter i s t ic s of Light~V(:~ ight Concre te Agtjre gate s ." For 
purposes of mix design Dnd_pl<:!nt _controJ Lityill_ beassu!)1_e..C!_~ha~ ,the ,bu~k 
specific grDvity of the portion of the synthetic aggregate passing the 
80 mesh sieve {sthe same as thDt of the material retained on the 80 mesh 
sieve. 

4. The proper design technique requires that the aggregate proposed 
for use b2 combined in such a manner as to approach the average or mid
point of thc allowable range set forth in the specifications. However, 
economy and ratio of production' of the- aggregDt-e- are fac1:ors--~\7hich slfo"l11d 
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 Hill other less desirable combinations be 
tried. 

5. After determining the required data in Step 3, assume, on the 
basis of the aggregate alone, the most satisfactory combination of tIle 
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 Ar,plication of Procedure." 
In the event the aSSUMed combination is at any point outside the specified 
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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, t h e necessary 
asphalt content must be determined which will enable the mixture to satisfy 
the density (percC'nt 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 allmvable 
range of the specifications. The percentages of asphalt to be tried are 
each end-roint, 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 heigh~ 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 s~ecimens 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-20S-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 stabilometcr value or percent stability of the 
specimens as described in Test Method Tex-208-F. 

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

The blending procedure described herein was prepared for the blending 
of aggregates having diffc~ent specific gravities. In ~rief, the pro-' 
cedurc consists of a p~per ?ualysis of the grade fractions rcsiliting 
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. Haterials or material combin2tions 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 "Ar,grq;ate Blending TaLulation ," (Analysis sheet 
must reflect percentazes passing a specified sieve size and retained on 
the next sm.aller sieve size.) 

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

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

!>. Total the grnde fraction percentages in each column and divide 
by the total number of blend parts. 

6. Compare the gradation of the blended aggregate combination with 
s.,pecific<'\tions. 

7v Repeai Steps 3, 
to meet specifications. 
included if necessary. 

4, and 5 until a material combination is obtained 
Materials reflecting other grade fractions may be 

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 dn accurate analysis of the specified grade fractions, 
whereas weight measurements are required for accurate batching 
procedures. 
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Given:· (a) Gradation specifications (limits for the Type "D" Hix). 

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

(c) Specific gravities for the three aggregates are as follO".·7s: 

Aggregate A (Synthetic) 
Aggregate B (Limestone Chips) 
Aggregate C (Field Sand) 

Specific Gravity - 1.05 
Specific Gr~vity = 2.71 
Specific Gravity = 2.63 

Th~follow:i.ng three tabular sheets show an example of trial analyses and 
the aggregate blending in order to satisfy gradation specifications. The 
procedure outlined above was used for the solution of the problem. (Steps 
2 through 6). 
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The theoretical blending of 4 parts of synthetic aggregate with 1 part 
of limestone chi.ps and 1 part of field snnd satisfied the gradation re
quirements for a Type "D" Nix. The blend ratios for volume blending are 
as fo1lc)\,Ts:: 

A 
B 
C 

Synthetic Ar,gregate 
Limestone Chips 
Field Sand 

= 
= 

66.6% 
16.7% 
16.7% 

Since the aggrcg<1tes for bi t·llminous mixes are frequently batched by weight, 
the ratios for weight blend in;; arc determined as follows: 

A SY1~thetic J\ggreg:1te = 66.6% X 62.4 X 1.05 :: 43.64 
B Limestone Chips = 16.7% X 62.4 X 2.71 = 28.24 
C - Field Sand = 16.7% X 62.4 X 2.63 :: 27.40 

Total 99.28 

Then: A Synthetic Aggregate = 43.64 99 .. 28 = 44.0% 
B Limestone Chips = 28.24 99 .. 28 = 28 .l~% 
C Field Sand :: 27.40 99 .. 28 = 27.6% 

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

Lbs. 
Lbs. 
Lbs. 

Lbs. 

the weight measurCID2nts of t1le gr~cle fractions of materials having diffprent 
specific gravities. A volumetric analvsis of the various grade fractions 
must be used for a control test. 

8. After a satisfactory proportioning of the aggregates has been 
determined, the total mix including asphalt must be determined. The 
5IYatfie·d-r1.1ngc -of asphalt contentis·-based on---volumc--relationsh:i.ps a~ 
the weir,ht relationship is distorted \.;rhen synthetic aggregates are used 
in the mix. The combined grading as determined above must be chc:mged 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 spe(:ifications may be 
used for a trial. This will indicate if the aggregate gradation will 
remai.n in the master zrading as the asphalt content is varied from the 

-lo"lcr to the upper limits 0f the spcciiicR.tj.OlJ 

9. The volumes of aE~regate and asphalt may be converted to weights 
for conveniencp ir measurement in m3king trial mixes. 

In the sample above, assume that the asphalt has a specIfic gravity at 77 0 F. 
of 1.000. The combined aggregate will have a specific gravity of: 

Average Specific Gravity: 100 

..i1.& + ~ + 27.6 
L05 2.71 2.63 

= 1.59 or 62.4 X 1.59 = 99.22 Lbs/CF 

The asphalt has a unit \Olcight of 62.4 X 1.000 = 62.4 Lbs/CF 
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To make a trial mix of a given Height, the weight relationship of aggrer,ate 
and asp~alt will be as shown in Table I. 

10. After correctin~ the ,,,eights 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 follow'ing table sho\'1s the average values ohtained from the 
above tests. 

Percent 
Asphalt 

8.0 
10.0 
12.0 
14.0 
16.0 

Average Percent 
Density 

92.0 
93.9 
96.1 
97.5 
98.3 

Average Percent 
_-,,-S-,-t_a b_p it y 

4l~ 

45 
40 
29 
16 

12. To obtain the optimum i-lsphalt 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 axis and percent asphalt on the horizont;'11 
axis. The density and stability curves are drawn by connectinB the res
pective plotted values (Figllre 1.) Since the standard specifications 
specify an optimum density of 97!J, a line is drawn vertically dm-m tlle 
sheet froill the point at Vlhich the density curve intersects the 9'7'"10 density 
line. This vertical line intersects both the stability curve and the 
horizontal axis. 

The optimum asphalt content, as read frQ,[l the graph, is 13.3% by volumr; and 
the expected laboratory stability of this nlixture 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 
comhined hot bin a~greg.:1tc should closely approximate the design gradiltion . 

. Experience has proven, however, that this ideal situation rarely exists. 

In order to provide the producer with batcll 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 
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TABLE I 



Asphalt Content % Oy [lo/ume 7-69 
11··12 



if the specified mix is being produced. To determine trial weights of material 
from e~ch hin, the plant should be run after cold feed se~tings have been made 
and the material collected in each bin we{ghed. The ratio of weight 'of material 
in each bin to the total weight of aggregate will be used as batch weights for 
the beginning of production. 

':'fter production is started, control tests must be made to insure that the 
required mix is being produced. Control tests for gradation of aggregates 
from the hot bins will be made in accordance Hith Test Method "Volumetric 
Sieve Analysis of Fine and Coarse Aggregates". If the results from this test 
do not correspond with the original design, batch weights and/or cold feed 
adjustments are indicated. If this does not correct aggregate gradation, it 
is prohable that the gradation of one or more of the stockpiles differs from 
the gradation of the sample on wllich the original design was based. In this 
case, a new design may be necessary. 
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A NE'V METHOD OF 'rES'!' 
The purpose of this r('~earch \\,;15 to devise a simple, 

reliahli! method of test thnt would t1ctefll1iJle values of 
ah~(lrption, rale, of absorption, allll specific gravities for 
hoth finc anll COHrse fractions of lightweight aggregates. 

Tlw Theory 

It \I"as necessary to devise a Jlwthod of tc~t which, 
<lid 1I0t reqllire hnndling of the sample or obtaining a 
!'nturaled, surface'lhy condition physically in the sam
ple, :lnd al~o one which would lletcrmine the rate of 
ah~llrption. The appro:lch was to devise a method that 
w(lulll give the s:lturated weight of the sample and the 
!,lIrhcc.dry vollll;1e without actu~llI)' oblailling this con
dition at the S:lme time. 

If the sample is immersed in waler in a container 
of kll(1\1'I\ volullle and the water is ,maintained at a con· 
stant ICI'e! by ad,lillg water a!' the sample a}Jsorhs it, 
then tl~e rate "f ahsorption call he me:lsured by weighing 
th\' l"l'lItaincr Ht specific tillle intervals during the te!'t. 
Th('n if a \ate curve can be cstabli~hed and cxtr<lpo}ated 
to include 7.t'ru time, the total amOl!nt of absorption can 
be ol:l:dneo. AI~o, the ~urface-dry volulllc of the sample 
Ciln be obtained by subtracting tllc volullIe of water at 
u-ro tillle from the volume of the container. 

Th(> Test 

Scope. This method of test is intended for use in 
d('tel'lIlinill;; tl)(' hulk specific gravity, both dry and satu
rated ;<urface.dry, apparellt ~jJecifie gravity. ah,;orption, 
:lnt! r;tte of <1h~urption of both the coarse an(1 fine ligllt
\,ci;J:t ("OI1<'I'de ag!!regates. The ~J1ccifie gravity values 
arc as define(1 in the Standard Ddillitiolls of Terms 
ltl"latin<:: to Specific Gr<l\'ity (ASTl\! D('~ignation: E 12) 
of the AlIIeric<ln Society for Testing Materials. 

Apparatus. The apparatus sball consist of the fol. 
lowing: 

(a) Balance.-A balnnce having a capacity of 3 
kilograms or more and a scnsitiv it)" of 0.1 gram or less. 

(b) Container.-A glass l\fason jar fitled with a 
cOlli(';]l brass cap with a hole one-quarter inch in diametcr 
ill fbe top, ns iIlustrnted in Fig. <1,.l. 

Sample. Approximately 400 grams of the aggrc
gnte shall be selected by the method of quartering from 
the !'alllple to be tested. 

Procedurc. The procedure shall he as follows: 

(a) The jar and C:1P shall he weighed to the nearest 
0.1 gl'OIm. The jar shall t11(:n be filled completely with 
di!'tilk.J water allll weighed to the nearest 0.1 gram and 
the IC'nlperaturc of the water recorded. The tc~t shall 
hc conducted in nn environment temperature of 72 4-

5° F. 

(h) The sallljJle shall he dried in an oven at a !em
pf'r;ltme of 1OJ·C for 2<1 hours. It shall then he <ll1owed 
to co()l to room temperature in a dessic<ltor and tlIC 
\I'd c;!. t dduOIine,1 to the nearest 0.1 gram. 

(c) Afler weighing, the smnple shnll he placed in 
tIle ~.rnson jar and the jar filled with distilled watcr. 
The cnp shall tlll"n be placed on the jar and lI'<lkr added 
to fill the jar all(l cap completely. The jar wilh s<llllpk 
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and water shall lhcn be weighed to the nearest 0.1 gram 
illlIl tllc tempcrature recordcd. With a lillIe practice, this 
first weighing can he accomplished t \1'0 minutes after the 
water is first introduced into the container. Wcighings 
shall th(,11 be mndc at intervals of 2, 4, 6, 3, 10, 20, 30, 
60, 90, and 120 minutes from the hcginning of the test 
and each 24 hours thereafter, taking care to agitate the 
sample h5' rolling and shaking the jar to rcmove' :my air 
trapp('d betwcen the particles and refilling the jar so that 
a cOllstant volume is maintained hdore each weighing 
is made. 

Calculations. The weight of totnl water in tIle con
tainer at any tillle can he ohtained by subtracting the 
weight of the container and the oven-dry weight of the 
sample from the total weight of the 5ample, container 
and water at thal time. The weight of total water for 
each of the timc intervals s}lall be calculated. Then, if 
the time interval" are represented by t1, t~, t 3 • ••• f t and 
the weights of total water corresponding to those inter
vals are represented hy \1'), w~, w~, ... Wit a curve can 
Le plotted with time as the abscis~a and totnl water as 
the ordinate. This curve should be extended to Ii mini
mum time of 60 seconds. The total watcr at zero time 
shall be referred to as the free water. The CUf\'e shall 
he exlel\C1ed to time zero to determine the amollnt of free 
water. For p\ll'p()~es of this tc~t, frcc water is defined 
as all water in the container wldch is not absorbed by 

BRASS CAP 

RUBBER GASKET 

MASON JAR 

Fig. 4-1. Pycnometer ROllle Used jn Tests. 
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the sample. Assuming that the vollJme of the sample 
remains constant, th!:'n the alllount of free water is con· 
stant tIl rough th!:' test. The volullle of free wilter can 
thell II('. ealclllilted by dividing the weight of free water 
by th:~ specific gravity of water at the temperature re· 
corded when the tcst begnn. The hulk volumc of the 
sample shall he calculated hy subtracting the volume of 
free \,·aler from the volume of the container. The vol. 
umc of total waler at any time, t, shall be calculntecl by 
dividing the weight of total water at time, t, by the spe· 
cific gravity of water at the temperature recorded when 
the le~t hegan. The app:ncnt volullle of the sample at 
any tillie, t, can then be ealeulillcd J,)' subtracting the 
vohlllle of total water at time, t, from the volume of the 
container. The absorbed water at any time can be caJ. 
culated by suhtracting the free water frolll the total 
water at that time. 
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n~. 4·3. F.t"(fn/ plc A hsorpliOT/·Till1 e ell H'C. 

Allsorption . The p(~r(,(,Jlt ahsorptifJll shall he cal· 
culated for carh tilllt~ in!en'nl by dividing the wei,:;ht of 
ahsor\1('r1 water at each lime interval II)' the ovcll.dry 
weight of th~ ~ilfllple. The percent ahsnrptioll \"er!;us 
time shall be plt'ued all Tt~rtallguli1r coordinate graph 
paper and a !'lllO(.:h curve drawn throllgh th(,5e points 
to establish the rilte of ilhsorption. 

Bulk Speci/ic Cral-'it} (J)ry). TI,e hulk ~p('ei£ic 
gravity shall bi' caleulnted by diddillg the ovclI-dry 
weight of the ;;i1111plc hy the hulk voluille of the sample. 

Bulk Spcci/ir: Crt/pity (SntllT([lcd Surface·Dry). 
The ht:lk specific gravity Oil a s<1lurnted, ~\lrfn('c-dry 
basis at any lilll(" t, shall 1)(' calcuJ.!ted by dividillg the 
sum of the o\TlI·dry wci[,ht of the sample and the \\Tight 
of aLsorherl waler <11. time, t, hy the hulk volullle of the 
sample. 

TABLE 4-1. EXAMPLE DA TA AND CALCULATIONS 
ABSOnPTION AND SPECIFIC GJIA "ITY 

Date Time wt. Tare Weig-ht 
and Since Sample & Total 

Time Start Water Water 

Weig-ht Weir,-ht Percent 
Fn'e Absorhed Absorption 

'Vater Water 

IGGO.O 1GGO.0 .~ 

3/2 8:30 2 min ·2855.9 1661.0 1.0 0.2 
8:32 4 2856.8 1661.9 .. 1.9 O.G 
8:34 ·· 6 2857.1 1GG2.2 2.2 0.6 
8:36 8 2857.8 1GG2.9 

" 
2.9 0.7 

8:38 10 2858.0 1663.1 ,. 3.1 0.8 
8:48 20 2859.2 ] 664.~ " 4.3 1.1 
8:58 30 2860.1 1665.2 " 6.2 1.3 
9:28 60 28G1.3 16G6.4 G.4 1.6 
9:58 90 2863.5 1G68.6 

" 
8.6 2.2 

10:28 120 28()U 16G9.2 " 9.2 2.3 
3/3 15:00 1110 2872.1 1677.2 

" 
17.2 4.3 

3/4 8:15 2 days 287G.8 1681.9 
3/5 8:17 3 2878.8 IG83.9 " 21.9 6.5 

" 23.!l 6.0 
3/8 9:00 6 2882.0 1687.1 " 27.9 6.8 
3/11 9:07 9 2884.5 IG8fl.G " 29.6 7.4 
3/12 8:10 10 2884.8 1689.9 " 29.9 7.5 
3/15 8:40 13 2887.0 1602.1 32.1 8.0 
3/18 8:26 16 2888.1 1693.2 .. 33.2 8.3 
3/21 8:30 19 2891.0 16%.1 36.1 9.0 
3/23 8:12 21 2888.8 1693.9 " 33.9 8.5 
3/28 9:17 26 28!J3.8 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.R 
4/13 8:20 42 2898.5 1703.6 " 43.6 10.9 
4/14 9:00 43 2900.0 1705.1 45.1 11.3 
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TABLE 4-2. TYPICAL DATA SHEET 

DATA SHEET 

Absorption and Specific Gravity 

Proj ect _---:.1:,..::0:..:::8...:.1 __ Ag gr eg ate _---=-R..:..::C::...:A'-'-!:.#~2 __ Date _3LU~G. __ _ 

Performed by ____________ _ 

(a) Tare Wt. ..:..7;.9..:.5...:.,.-=1 _____ Wt. of Bott Ie a nd Water _.-:2:..:7..:.2:..:::3...!. . .;,:.8. __ _ 

Weight of Water 2723.8 795.1 = 1928.7 
--=-=-=~---

~. Temp. of Water 24 0 C Volume of Bottle __ =19~28. 7 
0.7793 

(b) Wt. of bottle & dry sample 1194.9 Wt. Dry Sample 1194.9- 79S..J.= 

399.8 

(c) Wt. of free water. 1660.0 Vol. of Free Wuter __ L6.fiJ) ..... O_:: 1664. S 
0.9973 --_.-

Bulk Volume of Sample 1933.9 - _---=-16.;:..6.::..4.::...=-:5=--____ = __ 269 ~ ____ _ 

Wt. Total Water@-..:.3'---_days 1683---JL Vol. Total Vvater.!~~~-.- =1 G8S :1 
0.9973 ' -

Apparent Vol. Sample _..;;:1..:::.9.::..3.::..3..:..,:. 9=:....-_ 1688.4 = 245.5 

23.9 S atur ated Wt. Sam pIe __ 3=9::..::9"-,,,-,,8:-.._ + __ --=-.;::...!..::~:--_ = 423.7 

= 6.0% Absorption (Percent) ___ 2_3_._9 _____ _ 
399.8 

= l. 48 
399.8· 

Bulk Specific Gravity (Dry) ----------
269.4 

Bulk Specific Gravity (SSD) ---~~~::':;::"':!..:~----- = 1. 57 

= 1. 63 Apparent Specific Gravity ___ --=-39::::9~. 8~ ___ _ 
245.5 

Aggregate Absorption Factor _____ 4.:..!.~2=__-....:2:::...!.... =-1_:::~2.!... ~l _______ _ 
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Fig. 4·1. fxal/lplc A hSolplioll-Timc Curve. 

Apparent Spccific Gr(fl·ily. The al'p:lr~llt specific 
gravily al <lll)' limc, t, shall be calculated by dividing 
the oven dry weight of Ihe sample by Ihe ilppnrell! vol· 
ume at thaI lime. 

4.2 COl/('rete Mix Dl'8igl/ Dala 

The lIlix desip;n data for cOllen'le nl1Xl'~ employec! 
ill this sltHI)' are givC'1I in Table 1-3. 

4.3 Rcje/'cl/(,(,s 

l. J..<'nhctlcr, W. B., "Correlation Studics of Funda-

TABLE 4-3. CO~CnETE 

Co,lr;;c Concrdc 

nIPlltal Aggregillt~ J'roI'C'I'!ics with Frcpze-Thaw Dura
bilily of Slruc:\1l rid Light weighl COllcrete," He,;eal eh 
HerJOlt m ·1, Texas Tnlllsl'Or!atioll J IIstitlllc, Texas 
A&1\1 University, Augnst, 1%5. 

2. KannlJar, C. N. IInel Ledhell',r, W. n., "Effects of 
Degree of Syn!llctic Ligh!\\'ei~ht A~gregatc Pre·Wel· 
tin~ 011 tllC Frcc;w-Thaw Durahility of J .ightwC'ight 
Concrete," Ites(:arcll Heport Bl.2, Texas Transporla
tion 1ml itule, 'rexa;; A&1\1 l.lni,·ersity, DI'f;clllbcr 1966. 

3. Gallaway, Bah M. and Ifa1'JlC'r, Willinm J., "A L.h· 
oratory all (I Field IlIvcslinatioll of Lightli'cight Ag. 
~reglllcs liS Covers tune fur Seal Coats ;111(1 Slirfilee 
Treatments," ne~earch Hcport 51·2, Texas Transpor. 
tation I nsl itllte, Texas AS:!\1 Univp.rsily, April, 1966. 

4. Standard Spcrifiwtiolls for Road and IJridge COlt· 

slfllclioll, adopkcl by the S!ate lIi~hwa}' Dep:utmcllt 
of Texas, Itelll 302, pp. 207, JHlluary 2, 11)62. 

5. Bryanl, J. S., "The Delcrlllillation of the lV[oistlirc 
Absorpl iO/l C):ilrilclcrj~1 ic~ of Ligh! \\'t'i~!ltt Conr:rcle 
A~~rcgat('s," M. S. Thesis, Texas A&l\[ University, 
1959. 

6. Lmlbelki·,W. B., Hirsch, T. J., alld hey, Don L., 
"SclcetCll \)urnbilitr Studie& of Slruclural Lighl. 
weight Conne:e," Researcll l1eporl 3.')-2, Texas 
Transportalion Inslitute, Texas A&M l'ni"crsily, Dc. 
ccmber, ]%1 (Hc\'ised April, 19GG). 

]\lJX DESIGN nATA 

Aggrcg:<tc Batch Celllellt l'ERCE1\"f AHSOI,n.'E YOLl';\iE Slum]l Initial 
l)csigllator COlle Factor (in) Unit 

nnd Lot No. No. (sks/cy) Cemcnt Waler FA CA Air Wt (pef) 

In 5R 5.0 8.7 20.4 34.7 33.7 2.5 3% 118.8 
R1 3FTH 4.6 8.2 20.9 34.9 31.7 4.3 4 114.4 
R1 4FTR 4.9 8.7 19.0 33.1 33.8 5.4 3 113.2 
R2 fiFTH 4.9 8.7 18.7 33.0 33.6 6.0 3% 115.1 
Cl 5C 4.7 8,4 22.& 35.1 31.7 2.0 4% 115.7 
C1 31"TC 4.7 8.3 21.0 34.3 32.1 4.3 3% 117.6 
C1 4F1'C 4.7 8.4 20.2 34.4 32.2 4.8 4 115.2 
E1 5E 4.6 8.2 21.1 36.8 31.8 2.1 37:' 118.0 
E4 5E2 4.7 8.3 20.2 37.2 32.3 2.0 4 ~~ 128.0 
E4 5E3 4.9 8.7 22.0 33.7 33.5 2.1 3 118.2 
E4 3FTE 4.7 8.3 17.6 36.0 32.2 5.9 4112 125.2 
E4 41"1'1-.:: 4.7 8.3 17.1 37.4 32.2 5.0 3 120.8 
E6 5FTE 4.6 8.2 1G.6 37.1 32.1 6.0 31/~ 117.1 
S1 58 4.9 8.6 23.6 32.7 33.2 1.9 4% 126.8 
Sl 3FTS 4.9 8.7 20.7 31.7 3a.G 5.3 3 116.8 
Sl 4FTS 4.9 8.7 21.0 32.4 33.6 4.3 3% 118.0 
S3 5FTS 5.0 8.8 20.3 32.6 33.& 4.5 3 31 

" 118.2 
D1 5D 4.9 8.7 22.9 35.5 30.9 2.0 4% 11&.4 
D1 3FT]) 5.0 9.0 18.9 35.4 31.9 4.8 3%. 113.6 
D1 41"TD 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 

"AGE FlrTEEN 

5-5 
7-69 



APPENDIX DJ. 

Test Method Volumetric A~alysis of Fine and 
Coarse Aggregates 



Scope: 

TEST METHOD 

VOLUMETRIC SIEVE ANALYSIS OF' 
FINE AND COARSE AGGREGATES 

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 m~thod is also applicable for usc 
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-ll). 

3. Mechanical Sieve Shaker. 

4. Drying oven capable of attaining a temperature of 2000 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 aggregate in oven and dry to constant weight at a tem
perature of 1~00 to 3000 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. 
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3. To quarter the material, use either the sample splitter, the 
quartering cloth, quartering machine, or the method of manipulating the 
aggregate with a large flat scoop or shovel, blending it back and forth 
on· a smooth clean surface until blended and then quartering mechanically. 
with some straight-edge, thus reducing the dry aggregate sample to labora
tory testing size. It is permissible for the fine material (major portion 
passing No. 10 sieve) to thoroughly blend the mate~ial and take small 
portions from several places covering the entire area of the pan to make 
up the test sample. See Tex-22l-F, Table I for size of sampl"e. 

Procedure: 

1. Place the set of sieves, with the largest opening on top, into 
a pan and pour the aggregate onto the top sieve. Perform a sieve analysis 
on the aggregate sample by separating the material into a series of particle 
sizes using such sieves as are necessary to determine compliance with the 
specifications for the material. The hand sieve operation is done by nleans 
of a lateral and vertical motion of the sieves, accompanied by a jarring 
action so as to keep the material moving continuously over the surface of 
the sieves. In any case, do not turn or manipulate particles throu~l the 
openings of the sieves by hand. Continue hand sieving until, by visual 
observation, no material continues to pass through the si.eves in use. Fhen 
mechanical sievlng is used, shaking time should be established that will assure 

proper sieving of the material without degradation. Checlr the thoroughness of the 
sieving by the above descrihed method. 

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

Care should be taken to eliminate entrapped air in the graduate, particularly 
after the fine aggregate is added. This can be done by gently rolling the 
gt:.~cJlJatJ~. Q.;t;' sJ:;iJ:.:rJng the 13,ggregate prior to taking a re8dinR of liguirl leveL 
After each test is completed, the solvent may be decanted or filtered and 
saved for reuse. 

By subtracting the liquid reading prior to the addition of each size of 
aggregate from the liquid reading after the addition of aggregate, the volume 
of each size of aggregate may be determined. This information is to be 
entered in Column 3 of the work sheet. The difference in initial and final 
readings will be the total volume of the aggregate. Diviije each volume of 
aggregate by total aggregate volume to determine percent retained on each 
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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 tIle portion of each aggregate size as a portion of the total 
~ix including asphalt. The design per~ent of a~phalt (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 tIle specifications. 
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Date 5-5- &9 

Time I.·j 5 

SI r.VE··~· ~ b I - .,~ . 

VtlOFH< SHEET 

Sample No. __ 3 __ Desi<]n No. /-0 __ 

Typc_ 0 Station r\lo. /5/9 -too 
Spoc. Bern _____ _ Project __ ~!.2.3 -4-5 

0/0 Of Ag(jrog(jh~ In Tote! I Mb~ __ ~_9· 0 ( 100 %, - (lit) Aspholt) 
Initi al Roc1din U Of Liquid l.evel _" __ --'50.9 ___ 0'11. 

r----' T---- _ 4 I -5--I 2 3 
Aggregate Size Reading of Liquid Volume of Volllme of .\'ofl'rr: of 

Level After Ackiltion Aggregate mI. AI,Jgrcgcle M·~rq)o!e 
of Aggregate ml. % of Total % of Total 

A{j<Jfcgote I,lir.. --+rz 
}Z-% . 
3~-4 

d-IO 354..5 7..50 25.0 -22 

-.J- 10 3545 2045 &8.2 ('pO 

/0-40 .3885 340 1/4- J 10 

40-80 4/&0 275 9. ) y.: 
" 8 

Bo-.?OO d,3IOS 
, 

205 ~.8 (p 

-:200 4500 /35 4.5 .a 

-

, 
. -

l Total 3000 

4-l~ 7-69 



APPENDIX V. 

Addendum to Test Method Tex-210-F 



ADDENDUH TO 

TEST · HETHOD TEX-210-F 

DETERMINATION OF ASPHALT CONTEl\'T1' 
OF BITUNINOUS MIXTURES 

BY EXTRACTION 

Scope: This addendum gives a method of converting asphalt content 
determined by Test Hcthod Tex-2l0-F and expressed as a percentage by 
weight to a percentage expressed by volume as requi red by the volumetric 
design specifications. 

Procedure: 

1. Complete Test Method Tex-2l0-F. 

2. Perform Test Method "Volumetric Sieve Analysis of Fin~ and 
Coarse Aggregates" on samples taken from the hot bins at the same tim~ 
a sample is taken for the extraction test. 

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

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

5. Convert this weight of asphalt to an equivalent volume at 77 0 F. 

6. Add volu~c 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. 
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APPENDIX VI. 

Special Provi sion t o Item 6, Contro l 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 II of not less than 29 when subjected to tests as specified in 
"Accelerated Pol ish Test Method for Coarse Aggregate Used in Pavement Surfaces II 
(attached). This is a quality test for approval of the source and not a job control 
test. 
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ACCBLE1~.TED POLISH TES'l' HETHOD FOR COARSE 
AGGRBGA TE USED IN PA VEl"lENT SURFACES 

This test method describes pro cedures ·for determining a 
r elative r.18asure of the c:xtent to \..,hich different types of 
aggregate in the wearing surface will polish under traffi6. ~ 

De finitions: 

The "polish Value" is defined as the state of polish reached 
by each sCl~nple when subjected to ~ccelerated polish by means of a 
sp0cial 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 Test.er and expressed 
as the "polish Value II • 

Apparatus: 

1. Accelerated Polishing Machine: 
An accelerated polishing mClchine 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 
specirc~cn~; described h:;lovl to be clamped on the periph
cty so as to form a continuous surface of stone 
particles, 1 3/4 inches \-lide and 16 inches in diamet~r. 

B. A means of rotating the roa d wheel abou·t its O\..,n axis 
~t a speed of 315 t o 325 revolution s pe r minute. 

C. A means of bringing t.he surface of a rubber tired wheel 
of 8 inch diam2ter and 2 inch width to bear on the stone 
surface of t.he road \"hecl with a total load of 88 ± one 
pour.d. The tire: shall b e an indus"trial 8 x 2 pneumatic 
( ply s~ooth hand truck t i r e, treate d, if necessary, to 
ontain a true running surface. The tire shall be in
flc~ted to a pressure of 4 5 plus or minus 2 pounds per 
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square inch ,me shall be free to rotate about its 
own axis, which shall be parallel to the axis of 
the road whee 1. The plane of rota-tion of the tire 
shall be in line with that of the road wheel. Be
fore a new ti}~e 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 ll 

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 wi -th the rubber tired wheel. 

E. A means to feed the water at the rate shoWn in 
"Accelerated Polish Test Procedure" in such away 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. Netal 1-101ds: A 
nur.:b2r of accura-c_ely machine me-tal molds for preparing specimens of 
the dirr.ensions specified' in NO. 4 - "Preparation .of Test Specimen". 

3. British portable Tester: 
Ti1e 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. The slider width shall be 1 1/2 inches. 

c. The rubber which is bonded to the slider shall conform 
to a 1/4 by 1 by 1 1/2 inch dimension. 

D'. rI'ne rubber shall meet the requirements as specified in 
AS?Yl Sp2cification E 249, for Standard Tire for Pavement 
Tests. 
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E. rrl1e z.::=ro ~;djustmont shall be checke d b e fore t esting 'Lhe 
fourteen speciri1.cns ,"nd c~f -'cer testing the speci mens and 
as often as the operator deems necessary. 

F. Calibration procedures of AS'H1 E 303-66T shall be used I 
hm-lever I after calibra-tion the small slider shall be 
inserted. 

4. A supply of disposable cups and stirring r o ds for use in molding 
th.::= spocimens. 

Haterials: 

1. \\'ater: A supply of t_ap wa'cer to be spread on the road wheel 
during test,ir.g. 

2. Fi~c SanG: A supply of fine sand for sifting_in the aggregate 
interstices prior to the placement of the poly.::=ster bonding agent. 

3. Mold Release Agent: _A supply of polyester mold release agent 
used to preven'c bond betvleen the mold and polyester. 

(. Silico~ Ca~bide Grit: A supply of silicon carbide grit (150 grit 
size) to be usee as the polishing agent. 

5. Polyester Bonding Agent: A supply of polyes'ter resin and catalyist . 

6. Coarse Aggregate: Approximately a one-half cubic-foot supply of 
coarse aggregate too be tested. The aggregate shall be normal plan't 
run ane labo~atory crushed material shall be tested. 

? e st Rcco~d For~s: Record test dat_a on an a ppropriate work sheet. 

Test Cont~ol: L~our specially selected spe cimens shall be used fo::: 
control and o:-:.ly these four sp2cir"ens shall be used. The sp2cimens 
sr.al1 be sc lcc'ced fro:-c1 those \-Ihieh have bee n p~eviously polished for 
10 [::ours co::fo:-ming to the procedure herein established. The friction 
va1u"c (cs dete:::mined fro~,l the Brit,ish portable 'l'ester) of the specimen s 
5h<:;.11 b:; in the follO\-, ing range s: 

Cor:trol SpeciLen 
Control Specir.,,:;n 

"1 ~T - 10- 20 
- 20-30 
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Th8 con·trol specimen s shall be t.es·ted with the British portable 
Tester prior t.o 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. 

prep~r~tion of Test specimens: 

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

2. Aggregate shall be clean and free of dust. 

3. The mold shall be coated \,li th an application (s) of mold 
release agent. 

4. Each speci:11en shall consist of a single layer of particles 
and cove ran are a 0 f 3 . 5" xl. 75 " • 

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

6. The interstices between the st.ones shall be filled with 
fine s~nd to 1/4 to 1/2 of the aggregate depth. 

7. \';reigh toE: polyest:er resin ~md c2.talyst into a disposable 
cup, add the resin to the cat:alyst and mix thoroughly. 
A mixture 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 vlOrkable for 10 minutes. 

8. The p~epared mold is then filled to overflowing with· the 
polyester bonding agent. 

9. 'Inc consis-cency of the polyester should be such as to 
allm·] it to floH freely between the particles. 

10. '1'[:(; mold is then left until the polyester has stiffened 
su£:Eicier;-tly t.o be struck off accurately, level with the 
curved sides of the mold. 

11. 'l';,c s?2cir::c;n is then left in the mold for 3-4 hours to 
al10\-1 su£ficier:t hardening of the polyester in order 
trlat tr.c s[A::cimcn may be removed from the mold. 
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13. r.:.-'h,-~ s}xlcimcl1 is t .hen rc p l Clccd in t he mold for Cl cu~in9' 

p~d.od 0:Z 4- hou:c::; \Vi'ch (l weight. (c onforming to the: c'."cvcHl 
sid~::;) on ~.:.hc mold to insure pro~r curvature of thr'. 
sp-:;.::ir,~cn upon removal. 

1. :c.:'~cr:y~i:-:e the :Z:cic'tion v2.1uG of the c ontrol spGcir;'.cns 
i:or cor:::-cc'cio::1 p'J.rposes as cxplClined in the "Test. 
Co,-.".:.rol" p:::.rasrap:'l. 

2. D2·~2:::L~i~2 "t.l1.e o~igi r"l al f:c i ct.ion nurl'lber of t rle prepared 
t.:::st. spccL,cns as explaL-"ec1 in AST~vr DGsignation E 303-66T 
a:-.o. ;c~odificcJ. by pa:cagraph 3 "Appara'eus". 

3'. ?()~:ct.ee:"'.. 's~)2ci~T~2ns sl:.all b2 clarc~p8d around tr!e pGripr.lery 
oi: the :::-0:::.5. \·,11'1ee1 using rubber a-rings near 'the edges of 
t: ..... e .sp3cir~-:2ns. 

/'. ..... . . ::'=-.. 2 shall the n fo:cm a 
co:-:.~.:.i~~~ous stri,? o f pa:c'ciclcs upor. vlhich the p~1eu~~"'2;.t . .i.c
ti=cd w~Gel shall ride freely witho ut bumping or slip?i~g. 

5. ':C':~.c :co2-d \'];-'221 sn2-11 tne;-~ '02 b:cous'ht "eo a speed of 320 ± 5 
=2V /~':l7...;-. I and 'the p::'2ur,1e: ".:.ie-".:. i red whe e 1 shall b e broug:~.'t 
to ;:;2C:= on 't.he surface oftr.e spe cimen with a total load 
of 88 -:-' 1 pound. 

6 . ~o. 150 silico~ c 2.rbid~ g r it shall be continuo~ s ly f~d at 
at constant rate of 16 ± 4 g rams pe r minute f o r a te s ting 
ti~e of nine hours. Wa te r s ha ll be f e d a t a ra te of 75 ± 
m.l. per minute. 

7. 7~2 s?eci~~~s a r e ~he::. remov~ d from the rpad whe el and 

8. ::;2 "-.:C:::;::'.l.:-.C t::'c fr iction v.:::lue o f the control specime::.s for 
c0::::::(;c'~io:l ?u:cpos(;:s 2.5 e xplai::.ed· in the "Tes t Control" 

9 . A~~cr e1 2a~ing, th2 s9cci ~e ::.s s hall be te s te d on the 
B!:'i ':.isr:. ?c r '~c:ble rl'\2 S ';:2 r' ·to C: c 'C(;;'mine the "po lish v;:,lt;,e" I 

(:s C::<~.Jl~ir~c.:c in F .. S?~·: D2 ~~ iS: ..... ~tion E303-66T a.nd rr~odified 

APPENDIX VI 
7-69 5-5 



APPENDIX VII. 

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

Surfaces 



Scope: 

TEXAS HIGHWAY DEPARTMENT 

SPECIAL PROVISION 

IMPORTANT NOTICE TO CONTRACTORS 

ACCELERATED POLISH TEST METHOD FOR COARSE 
AGGREGATE USED IN PAVEMENT SURFACES 

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 "po1ish Va1ue" 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: 

1. 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 l50-grit silicon carbide using 
dummy specimens on the road wheel. 

D. A means to feed the l50-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. 
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E. A means to feed the water at the rate shown in "Accelerated Polish Test 
Procedure" in such a way that the water is continuously and uniformly 
spread over the surface of the road wheel near the point of contact 
with the rubber-tired wheel. 

2. Metal Molds: 

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

3. British Portable Tester: 

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

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

B. The slider width shall be 1 1/4 inches. 

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

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

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

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

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

Materials: 

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

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 polyester . 

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

5. Polyester Bonding Agent: A supply of polyester resin and 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 
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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 
Control Specimen #2 

-10-20 
-20- 30 

Control Specimen 
Control Specimen 

#3 
#4 

- 30-40 
- 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 frund with the control 
specimens. 

Preparation of Test Specimens: 

1. The aggregate to be tested should pass the 3lB-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 1. 75". 

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

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

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. 

B. The prepared mold is then filled to overflowing with the polyester 
bond ing agen t. 

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

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

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

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

13. The specimen is then replaced in the mold for a curving period of 4 
hours with a weight (conforming to the curved sides) on the mold to 
insure proper curvature of the specimen upon removal. 

Accelerated-Polish-Test Procedure: 
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1. Determine the friction value of the control specimens for correction purposes 
as explained in the "Test Control" paragraph. 

2. 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". 

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

4. 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. 

5. 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. 

6. 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. 

7. The specimens are then removed from the road wheel and washed thoroughly to 
remove gr it. 

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

9. 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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Sp ec i al Provi s i on 026 to I tem 330 



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 ofcless 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 Pavellient 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-2l2-F and 2l3-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 voltnne of the rock
asphalt mixture will be determined by the following formula: 
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W - Y 
V 62.4(27)Ga 

V Cubic Yards of compacted Aggregate 

W = Total weight of rock-asphalt mixture 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 

Y Weight of water in pounds in excess of 4% 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. 
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Special Specification, Hot Mix Asphaltic Concrete 
Pavement (Volumetric Design) (2103.000) 



TEXAS HIGHWAY DEPARTMENT 

SPECIAL SPECIFICATION 

HOT-MIX ASPHALTIC-CONCRETE PAVEMENT 
(Volumetric Design) 

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

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

2. Materials. 

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

The combined mineral aggregate, after final processing by the mlxlng 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-2l7-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 free~ing 
and thawing. The "Pressure Slaking Value" shall not exceed 6 percent when tested 
in accordance with Test Method Tex-43l-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-2l7-F (Part II, Decantation) shall not exceed 

1-17 

2103.00 
10-70 



2 percent. 

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

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

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

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

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

The coarse aggregate shall have an abrasion of not more than 40 percent 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 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 part icles 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 ............ . 
Passing the No. 200 sieve .••....... 

100/0 by weight 
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 •......•.•.•.•. 
Passing No. 80 sieve, not less than 
Passing No. 200 sieve, not less than 

(2) Asphaltic Material. 

95-100% by weight 
75% by weight 
55% by weight 

(a) Paving Mixture. Asphalt for the paving mixture shall be of 
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the type of asphaltic cement or oil asphalt as determined by the Engineer and shall 
meet the requirements of the Item, "Asphalts, oils and Emuls ions". 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-llM, cut-back asphalt RC-2, or shall be a 
cut-back asphalt made by combining 50 to 70 percent by volume of asphaltic material 
as specified for the type of paving mixture with 30 to 50 percent by volume of 
gasoline and/or kerosene. If RC-2 cut-back asphalt is used, it may upon instruc
tions from the Engineer by diluted by the addition of an approved grade of gasoline 
and/or kerosene, not to exceed 15 percent by volume. Asphaltic materials shall 
meet the requirements of the Item, "Asphalts, Oils and Emulsions". 

3. Paving Mixtures. 

(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 

Pas sing 211 s ~e.ve .••.•••....•..•.•••••.•.....•.•.• 
Passing 1-3/4" sieve •............................ 
Passing 1-3/4" sieve, retained on 7/8" sieve ... . 
Passing 7/~1 sieve, retained on 3/~1 sieve ..... . 
Passing 3/8" sieve, retained on No.4 sieve .... . 
Passing No.4 sieve, retained on No. 10 sieve .. . 
Total retained on No. 10 sieve ................. . 
Passing No. 10 sieve, retained on No. 40 sieve .•• 
Passing No. 40 sieve, retained on No. 80 sieve ..• 
Passing No. 80 sieve, retained on No. 200 sieve .. 
Passing No. 200 sieve ........................... . 

95 
15 
15 
10 

5 
65 

0 
3 
2 
0 

100 
to 100 
to 40 
to 40 
to 25 
to 20 
to 80 
to 20 
to 15 
to 15 
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): 

Passing 1" sieve ............................... . 
Pass ing 7/8" sieve ••............................ 
Passing 7/8" sieve, retained on 3/8" sieve ••.... 
Passing 3/8" seive, retained on No.4 sieve ••.•. 
Passing No.4 sieve, retairled on No. 10 sieve .•. 
Total retained on No. 10 sieve •................. 
Passing No. 10 sieve, retained on No. 40 sieve •• 
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Passing No. 40 sieve, retained on No. 80 sieve ••• 
Passing No. 80 sieve, retained on No. 200 sieve •. 
Pas sing No. 200 sieve ............................ . 

4 to 20 
3 to 20 
o 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): 

Passing 7/8" s1.eve .•....•....................••.•. 
Passing 5/8" sieve .•.............................. 
Passing 5/8" sieve, retained on 3/8" sieve .•.....• 
Passing 3/8" sieve, retained on No.4 sieve •.....• 
Passing No.4 sieve, retained on No. 10 sieve ..... 
Total retained on No. 10 sieve ••.................. 
Passing No. 10 sieve, retained on No. 40 sieve •... 
Passing No. 40 sieve, retained on No. 80 sieve ••.. 
Passing No. 80 sieve, retained on No. 200 sieve •• 
Pas sing No. 200 sieve ••........................... 

100 
95 to 100 
15 to 40 
10 to 35 
10 to 30 
50 to 70 
o to 30 
4 to 25 
3 to 25 
o to 6 

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

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

Passing 1/2" S 1eve ............................... 
Passing 3/8" sieve ..............................• 95 to 
Passing 3/8" sieve, retained on No. 4 sieve •..... 20 to 
Passing No. 4 sieve, retained on No. 10 sieve .•.. 10 to 
Total retained on No. 10 S 1eve ................... 50 to 
Passing No. 10 sieve, retained on No. 40 sieve ••. 0 to 
Passing No. 40 sieve, retained on No. 80 sieve ... 4 to 
Passing No. 80 sieve, retained on No. 200 sieve .• 3 to 
Passing No. 200 sieve ............................ 0 to 

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

Type "E" (Sheet Asphalt Surface Course): 

100 
50 
30 
70 
30 
25 
25 

6 

Passing No. 4 S l.eve ...............•............. 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 
Passing No. 200 sieve .•...................•...... 7 to 20 

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

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

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

When Slag Aggr. 
is Used 

When Crushed 
Material is Used 

% by Absol. Vol. 

Passing 1/2" Sieve ••.............•...... 
Passing 3/8" Sieve ••...................• 
Passing 3/8" sieve, retained 

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

on No. 10 sieve ••......... 
Total Retained on No. 10 sieve •........• 
Passing No. 10 sieve, retained 

on No. 40 sieve •......... 
Passing No. 200 sieve •.................. 

100 
95-100 

15- 50 

10- 30 
35- 60 

15- 50 
2- 10 

% by Absol. Vol. 

100 
95-100 

15- 50 

10- 30 
50- 70 

5- 30 
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): 

Pass ing 3/8" sieve •....................................... 
Passing 1/4" sleve ••...................•.................. 
Passing 1/4" sieve, retained on No. 10 sieve •.•........... 
Passing No. 10 sieve, retained on No. 40 sieve •........••• 
Passing No. 40 sieve, retained on No. 80 sieve •.•.••...... 
Passing No. 80 sieve, retained on No. 200 sieve •.......... 
Passing No. 200 sieve ... ' ....•...........................•• 

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

Type "K" (Differential Wear Surface Course): 

Passing 1/2" sieve •...................................... 
Passing 3/8" sieve •...................................... 
Passing 3/8" sieve, retained on No. 4 sieve .............• 
Passing No. 4 sieve, retained on No. 10 sieve ............. 
Total retained on No. 10 sieve ........................... 
Passing No. 10 sieve, retained on No. 40 sieve •.......... 
Passing No. 40 sieve, retained on No. 80 sieve .•........• 
Passing No. 80 sieve, retained on No. 200 sieve •......... 
Passing No. 200 sieve •.......................•........... 

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

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

Percent 
by Absol. Volume 

100 
95 to 100 
55 to 70 

0 to 25 
3 to 12 
2 to 10 
0 to 6 

100 
95 to 100 
20 to 50 
10 to 30 
50 to 70 

0 to 30 
4 to 25 
3 to 25 
0 to 6 

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. 
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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 3/811 sieve ••................ 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 
Total retained on No. 10 s iev e .•..........................•. 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 
Passing No. 200 sieve •.•...................•................ plus or minus 3 
Asphalt Material ••.........................................• 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: 
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Typ~s A, B, C, D, E, F, K 

Type E Mod. 

Density, Percent 
Min. Max. Optimum 

95 99 97 

92 98 95 

Stability, Percent 

Not less than 30 
unless otherwise 
shown on plans. 

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 
compartment. 

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

Screening and Proportioning. The screening capacity and size of the 
bins shall be sufficient to screen and store the amount of aggregate required to 
properly operate the plant and keep the plant in continuous operation at full 
capacity. Provisions shall be made to enable inspection forces to have easy and 
safe access to the proper location on the mixing plant where representative samples 
may be taken from the hot bins for testing. The aggregate shall be separated in-
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to at least four bins when producing Type "A", Type "B", and Type "c" mixtures; at 
least three bins when producing Type "D" and Type "K" mixtures; and at least two 
bins when producing Type liE", 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 to pass the 
3/~1 sieve and be retained on the 1/~1 sieve. 

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

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

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

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

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

Type "E" (Sheet Asphalt Surface Course): 

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

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

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

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

Bin No.2 --- will contain aggregates of which at least 75 
percent will be of such size as to pass the 
3/8" sieve and be re ta ined on the No. lOs ieve • 

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 

10-17 

2103.000 
10-70 



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 t he 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 heate r. 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 recor d the temperature of the as
phaltic material when it is at the highest temperature. 

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

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

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

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

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

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

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

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

(8) Three Wheel Roller. This roller shall be an acceptable power driven three 
wheel .ro11er weighing, not less than 10 tons. 

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

(10) Trench Roller. This roller shall be an acceptable power driven trench 
roller equ~pped 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 
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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 abras ion characteristics as here in 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 w~ight 
or by volume based on weight using the specified equipment. 
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(5) Mixing. 
.-

(a) Batch TYpe Mixer. In the charging of the weigrr 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 batch before the asphaltic r:laterial is added; the asphaltic 
material shall then be added and the mixing contjnued for a total mixing period of 
not less than 30 seconds. This mixing period may be increased, if, in the opinion 
of the Engineer, the mixture is not uniform. 

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

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

(d) The asphaltic mixture 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 tha.n 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 compl~tely 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 asph1atic mixture, prepared as 
specified above, shall be hauled to the work in tight vehicles previously cleaned 
of all foreign material. The dispatching of t he 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 shall start long
itudinally at the sides ans proceed toward the center of the pavement, overlapping 
on successive trips by at least half the width of the rear wheels, unless otherwi se 
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 pro
gress toward the high side, unless otherwise directed by the Engineer. Rolling 
with pneumatic roller shall be done as directed by the Engineer. Rolling shall 
be continued until no further compression can be obtained and all roller marks 
are eliminated. One tandem roller, one pneumatic roller, and at least one three 
wheel roller, as specified above, shall be provided for each job. If the Contrac 
tor elects, he may substitute the three axle tandem roller for the two axle tandem 
roller and/or the three wheel roller; but in no case shall less than three rollers 
be in use on each job. Additional rollers shall be provided if needed. The motion 
of the roller shall be slow enough at all times to avoid displacement of the mix
ture. If any displacement occurs, it shall be corrected at once by the use of 
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rakes and of fresh mixture where required. The roller shall not be allowed to stand 
on pavement which has not been fully compacted. To prevent adhesion of the surface 
mixture to the roller, the wheels shall be kept thoroughly moistened with water, 
but an excess of water will not be permitted. All rollers must be in good mechanical 
condition. Necessary precautions shall be taken to prevent the dropping of gasoline, 
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 
l/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: 

v = 

v = 
W == Ga = 

W 

62.4 (27)Ga 

Cubic Yards of compacted aggregate 
Total weight of asphaltic concrete in pounds 
Average actual specific gravity of three mold specimens 
as prepared by Test Method Tex-206-F and determined in 
accordance with Test Method Tex-207-F. 

The weight "W", if m~x~ng 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 des!gns and weight of 
asphalt and aggregate shall be kept. 
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For the first day's production, the average actual specific gravity of specimens 
molded during laboratory design of the mix shall be used in the volume computation 
formula. For each subsequent day's production, the average actual specific gravity 
of specimens molded from the previous day's production shall be used. 

(2) Tack Coat. Tack coat will be me asured 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 materia ls 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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l\PPENDIX X. 

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



TEXAS HIGHWAY DEPARTMENT 

SPECIAL SPECIFICATION 

HOT-MIX COLD-LAID ASPHALTIC-CONCRETE PAVEMENT 
(Vo1umeteric 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. 

2. Materials. 

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

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

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

For all coarse aggregate, the amount of organic matter, clay, loam, or particles 
coated therewith, or other undesirable materials shown in the plans, when tested 
in accordance with Test Method Tex-217-F (Part I, Separation of Deleterious 
Material) shall not exceed 2 percent. 

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

When it is specified that the coarse aggregate be sampled during delivery to the 
plant, from the stockpile, or from the cold bins, the material removed when tested 
in accordance with Test Method Tex-217-F (Part II, Decantation) shall not exceed 2 
percent. 
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The plasticity index of that part of the fine aggregate 
contained in the coarse aggregate passing the No. 40 sieve 
shall nat be more than 6 when tested by Test Method Tex-l06-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-2l7-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-2l7-F (?art 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-2l7-F (Part I and Part II) will be 
as shown on the plans. 

Tests performed as specified herein shall represent matetial 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-4l0-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-4l3-A (Particle Count). 
The coarse aggregate for Type "K" shall be composed of two separate materials. 
One s~all 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. 

aggregate used in the surface 
not less than 34 when subjected 
"Accelerated Polish Test Method 

In addition to the above requirements the coarse 
or finish course shall have a "Polish Value" of 
to tests as specified in the Special Provision 
for Coarse Aggregate used in Pavement Surfaces". 
required for aggregate used in level-up courses. 
quality test for approval of the source and not a 

No "Polish Value" tests will be 
The "Polish Value" test is 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-l06-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 the 3/8" sieve ...........•..••...... 100% by weight 
2 - 30% by weight Passing the No. 200 sieve .................. . 

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 .................... . 
Passing No. 80 sieve, not less than 
Passing No. 200 sieve, not less than 

(2) Asphaltic Material. 

95-100% by weight 
75% by weight 
55% by weight 

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

(b) Tack Coat. The asphaltic material for tack coat shall meet the 
requirements for emulsified asphalt EA-llM, 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. 
Asphal tic materials shall meet the requirements of the Item, "Asphalts, Oils and 
Emulsions". 

3. Paving Mixtures. 

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

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

Passing 2" s i eve .....................•......... 100 
Passing 1-3/4" s ~e ve ........................... 95 to 100 
Passing 1-3/4" sieve, retained on 7/8" sieve ... 15 to 40 
Passing 7/8" sieve, retained on 3/8" sieve ..... 15 to 40 
Passing 3/8" sieve, retained on No. 4 sieve .... 10 to 25 
Passing No. 4 sieve, retained on No. 10 sieve .. 5 to 20 
Total retained on No. 10 sieve ................. 65 to 80 
Passing No. 10 sieve, retained on No. 40 sieve. 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 
Passing No. 200 sieve .......................... 0 to 6 

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

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

Passing 1" sieve ................................ . 
Passing 7/8" sieve ..............................• 
Passing 7/8" sieve, retained on 3/8" sieve .•....• 
Passing 3/8" sieve, retained on No.4 sieve ....•• 
Passing No.4 sieve, retained on No. 10 sieve .... 
Total retained on No. 10 sieve .•.....•........... 
Passing No. 10 sieve, retained on No. 40 sieve ... 

95 
20 
10 

5 
55 

0 

to 
to 
to 
to 
to 
to 

100 
100 

50 
40 
25 
70 
30 
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Passing No. 40 sieve, retained on No. 80 sieve 
Passing No. 80 sieve, retained on No. 200 sieve ... 
Passing No. 200 sieve ...............•............. 

4 to 20 
3 to _20 
o 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); 

Passing 7/8" sieve ................................ . 
Passing 5/8" sieve .......•.......................•. 
Passing 5/8" sieve, retained on 3/8" sieve ..•.....• 
Passing 3/8" sieve, retained on No.4 sieve .•...... 
Passing No.4 sieve, retained on No. 10 sieve ..••.. 
Total retained on No. 10 sieve .•................... 
Passing No. 10 sieve, retained on No. 40 sieve .... . 
Passing No. 40 sieve, retained on No. 80 sieve .... . 
Passing No. 80 sieve, retained on No. 200 sieve ..•. 
Passing No. 200 sieve •..............•.•............ 

100 
95 to 100 
15 to 40 
10 to 35 
10 to 30 
50 to 70 
o to 30 
4 to 25 
3 to 25 
o to 6 

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

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

Passing 1/2" s ie ve ••..................•.••.•••....• 
Passing 3/8" s ie ve ............•...••..••..•••.....• 95 to 
Passing 3/8" sieve, retained on No. 4 s ie ve ..•.... 20 to 
Passing No. 4 sieve, retained on No. 10 sieve ...... 10 to 
Total retained on No. 10 s ie ve ..................... 50 to 
Passing No. 10 sieve, retained on No. 40 sieve .•... 0 to 
Passing No. 40 sieve, retained on No. 80 s ie ve ..... 4 to 
Passing No. 80 sieve, retained on No. 200 sieve .•.. 3 to 
Passing No. 200 s ie ve .•............................ 0 to 

100 
100 

50 
30 
70 
30 
25 
25 

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 No. 4 Sl.eve ••...........••................• 100 
Passing No. 4 sieve, retained on No. 10 sieve ...... 0 to 
Passing No. 10 sieve, retained on No. 40 sieve ..... 15 to 
Passing No. 40 sieve, retained on No. 80 sieve ..... 20 to 
Passing No. 80 sieve, retained on No. 200 sieve ..•. 12 to 
Passing No. 200 sieve ........•..................... 7 to 

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

Type "EE" Mod. (Sheet Asphalt Surface Course); 

5 
40 
45 
32 
20 

Coarse aggegates for Type "EE" Mod. shall be cur shed material or a com
bination of slag aggregate and crushed stone. Fine aggregate shall be as 
shown elsewhere in this specification. 
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The master grading for Type"EE" Mod. (Sheet Asphalt Surface Course) shall 
be as follows unless otherwise shown on plans: 

Passing 1/2" 
Passing 3/8" 
Passing 3/8" 

Passing No. 4 

When Slag Aggr. 
is Used 

70 by Abso 1. Vo 1. 

S ie ve .................. 100 
Sie ve .................. 95-100 
sieve, retained 
on No. 4 se i ve ......... 15- 50 

sieve, retained 
on No. 10 sieve ....... 10- 30 

Total Retained on No. 10 sieve ...... 35- 60 
Passing No. 10 sieve, retained 

on No. 40 sieve •.••.. 15- 50 
Passing No. 200 sieve •............•. 2- 10 

When Crushed 
Material is Used 

% by Abso1. Vol. 

100 
95-100 

15- 50 

10- 30 
50- 70 

5- 30 
2- 10 

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

Type "FF" (Non- Skid Sur face Course): Percent by 
Abso1. Vol. 

Passing 3/8" sieve ............................•.... 
Passing 1/4" s~eve ............................•••••. 
Passing 1/4" sieve, retained on No. 10 sieve .•....•. 
Passing No. 10 sieve, retained on No. 40 sieve ....•• 
Passing No. 40 sieve, retained on No. 80 sieve •.•••• 
Passing No. 80 sieve, retained on No. 200 sieve ..••. 
Passing No. 200 sieve .•............................• 

95 
55 

0 
3 
2 
0 

to 
to 
to 
to 
to 
to 

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

Type "KK" (Differential Wear Surface Course): 

Passing 1/2" sieve ....................... " ......... 
Passing 3/8" sieve ................................ 95 to 
Passing 3/8" sieve, retained on No. 4 sieve •....... 20 to 
Passing No. 4 sieve, retained on No. 10 sieve ...... 10 to 
Total retained on No. 10 S l.eve .........•.........•. 50 to 
Passing No. 10 sieve, retained on No. 40 sieve ..... 0 to 
Passing No. 40 sieve, retained on No. 80 sieve ..... 4 to 
Passing No. 80 sieve, retained on No. 200 sieve .•.• 3 to 
Passing No. 200 s ie ve •............................. 0 to 

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

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

100 
100 

70 
25 
12 
10 

6 

100 
100 

50 
30 
70 
30 
25 
25 

6 

The specification requirements will be shown on the plans for the 
following: 
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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 
some central mixing plant and shipped ready for use. 
workable a sufficient period of time to permit proper 
will not be acceptable. 

be mixed on the job or at 
Mixtures that do not remain 
spreading, blading and rolling 

(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 
withi~ the limitations of the master grading specified. The respective tolerances, 
based on the percent by volume of the mixture, are listed as follows: 

Passing 1-3/4" sieve, retained 
Passing 7/8" sieve, retained on 
Passing 5/8" sieve, retained on 
Passing 3/8" sieve, retained on 
Passing 1/4" sieve, retained on 

Percent by 
Absol. Vol. 

on 7/8" sieve .............. plus or minus 
3/8" sieve ................ plus or minus 
3/8" sieve ................ plus or minus 
No. 4 sieve •.............. plus or minus 
No. 10 sieve .............. plus or minus 

Passing No. 4 sieve, retained on No. 10 sieve ............. plus or minus 
Total retained on No. 10 s ie ve •........................... plus or minus 
Passing No. 10 sieve, retained on No. 40 sieve ...........• plus or minus 
Passing No. 40 sieve, retained on No. 80 sieve ............ plus or minus 
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Passing No. 80 sieve, retained on No. 200 sieve ......... plus or minus 3 
Passing No. 200 sieve •...............................•• plus or minus 3 
Asphalt MateriaL ................. . .................••. 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-2l0-F shall not vary from the grading proportions of the 
aggregate and the asphalt content designated by the Engineer by more than the 
respective tolerances specified above. When limestone rock asphalt screening 
are used, the extraction requirements related to asphalt content are waived. 

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

Density, Percent 
Min. Max. Optimum Stability, Percent 

Types AA, BB, CC DD, EE, 
FF, 

Type EE Mod. 

95 

92 

99 

98 

97 

95 

Not less than 30 
unless otherwise 
shown on plans. 

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

4. Equipment. 

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

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

(a) Weight-batching Type. 

Cold Aggregate Bin and Proportioning Device. The aggregate bin shall 
have at least four compartments of sufficient size to store the amount of aggregate 
required to keep the plant in continuous operation and of proper design to prevent 
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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 aggregate to the desired or specified -temperature, no residue from the 
fuel shall adhere to the heated aggregate. A recordingchermometer shall be 
provided which will record the temperature of the gggregate 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 inab1e 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 "M", 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 "M" (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. 
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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 "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". 
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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 m1x1ng 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 unifo~ly 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 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 pneuma
tic tire roller conforming to the requirements of the Item, "Rolling (Pneumatic 
Tire)",Type B unless otherwise specified on plans. 

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

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

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

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

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

(11) Straightedges and Templates. When directed by the Engineer, the Contract
or shall provide acceptable 10 foot straightedges for surface testing. Satisfactory 
templates shall be provided as required by the Engineer. 

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

5. Stockpiling, Storage, Proportioning and Mixing. 

(1) Stockpiling of Aggregates. Prior to stockpiling of aggregates, the area 
shall be cleaned of trash, weeds and grass and be relatively smooth. Aggregates 
shall be stockpiled in such a manner as to prevent mixing of one aggregate with 
another. Coarse aggregates for Types "M", "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 
provlslon. Fine aggregate stockpiles may contain small coarse aggregate in the 
amount of up to 30 percent by weight; however, the coarse aggregate shall meet the 
quality tests specified herein for "Coarse Aggregates". Suitable equipment of ac
ceptable size shall be furnished by the Contractor to work the stockpiles and prevent 
segregation of the aggregates. 

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

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

(4) Proportioning. The proportioning of the various materials entering into 
the asphaltic mixture shall be as directed by the Engineer in accordance with 
these specifications. Aggregate shall be proportioned by weight using the weigh 
box and batching scales herein specified when the weight-batch type of plant is 
used and by volume using the hot aggregate proportioning device when the continuous 
mixer type of plant is used. The asphaltic material shall be proportioned by weight 
or by volume based on weight using the specified equipment. 

(5) Mixing. 

(a) Batch Type Mixer. In the charging of the weigh box and in the 
charging of the mixer from the weigh box, such methods or devices shall be used 
as are necessary to secure a uniform asphaltic mixture. In introducing the batch 
into the mixer, all mineral aggregate shall be introduced first; shall be mixed 
thoroughly for a period of 5 to 20 seconds, as directed, to uniformly distribute 
the various sizes throughout the batch before the asphaltic material is added; the 
asphaltic material shall then be added and the mixing continued for a total mixing 
period of not less than 30 seconds. This m1x1ng period may be increased, if, in 
the opinion of the Engineer, the mixture is not uniform. 

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

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

(d) The asphaltic mixture when placed cold shall be at a temperature 
between 145 F and 275 F when dumped from the mixer. The Engineer will determine the 
temperature within the above limitations that the mixture should be produced. 

The asphaltic mixture when placed hot shall be at a temperature between 225 F 
and 350 F when dumped from the mixer. The Engineer will determine the temperature 
within the above limitations and the mixture when dumped from the mixer shall not 
vary from this selected temperature more than 25 F. 

6. Construction Methods. When mixture is to be placed cold, the prime coat, 
tack coat or the asphaltic mixture shall not be placed when the air temperature 
is below 60 F and is falling, but may be placed when the air temperature is above 
50 F and rising. 

When the mixture is to be placed hot, the prime coat, tack coat or the asphaltic 
mixture, when placed with a spreading and finishing machine, shall not be placed 
when the air temperature is below 50 F and is falling, but it may be placed when 
the air temperature is above 40 F and is rising. The asphaltic mixture, when placed 
with a motor grader, shall not be placed when the air temperature is below 60 F and 
is falling, but may be placed when the air temperature is above 50 F and is rising. 
The air temperature shall be taken in the shade away from artificial heat. It is 
further provided that the prime coat, tack coat or asphaltic mixture shall be placed 
only when the humidity, general weather conditions and temperature and moisture 
condition of the base, in the opinion of the Engineer, are suitable. 

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

If the mixture is to be placed with a motor grader, the temperature loss will be 
based on the temperature of the mixture at the time windrowing of the dumped material 
with the motor grader is begun. 

(1) Prime Coat. If a prime coat is required, it shall be applied and paid for as 
a separate item conforming to the requirements of the Item, "Prime Coat", except the 
air temperature at time of application shall be as provided above. The tack coat or 
asphaltic concrete shall not be applied on a previously primed flexible base until the 
primed base has completely cured to the satisfaction of the Engineer. 

(2) Tack Coat. Before the asphaltic mixture is laid, the surface upon which the 
tack coat is to be placed shall be cleaned thoroughly to the satisfaction of the 
Engineer. The surface shall be given a uniform application of tack coat under "Asphaltic 
Material" of this specification. This tack coat shall be applied, as directed by the 
Engineer, with an approved sprayer at a rate not to exceed 0.10 gallon per square 
yard of surface. Where the mixture will adhere to the surface on which it is to be 
placed without the use of a tack coat, the tack coat may be eliminated by the Engineer. 
All contact surfaces of curbs and structures and all joints shall be painted with a 
thin uniform coat of the asphaltic material used for the tack coat. The tack coat shall 
be rolled with a pneumatic tire roller as directed by the Engineer. 

(3) Transporting Asphaltic Concrete. The asphaltic mixture, prepared as specified 
above, shall be hauled to the work in tight vehicles previously cleaned of all foreign 
material. The dispatching of the vehicles shall be arranged- so that all material 
delivered may be placed and all rolling shall be completed during daylight hours. 
In cool weather or for long hauls, canvaS covers and insulating of the truck bodies 

.may be required. The inside of the truck body may be given a light coating of oil, 
if necessary, to prevent mixture from adhering to the body. 

(4) Placing. 

(a) Generally the asphaltic mixture shall be dumped and spread on the approved 
prepared surface with the specified spreading and finishing machine, in such manner 
that when properly compacted the finished pavement will be smooth, of uniform density 
and will meet the requirements of the typical cross sections and the surface tests. 
During the application o:f 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. 
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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. 
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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)Ga 

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

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

The weight "W", if mixing is done by a continuous mixer, will be determined by truck 
scales. Weight, if mixing is done by a batch mixer, will be determined by batch 
scales and records of the number of batches, batch designs and weight of asphalt and 
aggregate shall be kept. 

For the first day's production, the average actual specific gravity of specimens 
molded during laboratory design of the mix shall be used in the volume computation 
formula. For each subsequent day's production, the average actual specific gravity 
of specimens molded from the previous day's production shall be used. 

(2) Tack Coat. Tack coat will be measured at the point of application on the 
road in gallons at the applied temperature. When gasoline an il/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 ~ourse 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; 
an~ 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 XI. 

Accelerated Polish Test Reports 



POLISH VALUE TEST 

District 17 Producer Young Bros. 

Highway F.M. 46 pit Location WaCQ, Texas 

Project NO. C-49-14-2 Etc. Aggregate Type 100% Flint 

Data Sampled J 0-13-69 Lab Sample :::;0. 

Data Tested 10-1 {,-69 Length of Test Period 9 Hrs. 

Be fore Polish Average 

specimen J. 40 40 40 40 LtO LtO 

SpecirC'l.en 2 41 41 41 41 41 41 

Specimen 3 

Specimen 4 

Initial Value 

After Polish Average 

Specirner;. 1 24 2 L': 24 24 24 24 

Specinle::1 2 25 25 25 25 25 25 

S [....e c :"[n2:.'"" .. 3 

Specimen 4 

Polish Value 24.5 
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POLISH VALUE TEST 

District 

Highway 

17 

F.I--i. 46 

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

Data Sampled 10-13-69 

Data Tested 10-17 -69 

Before :?olish 

specimen 1 49 49 

Specimen 2 49 49 

specimen 3 

Specimen 4 

After Polish 

Specimen 1 34 33 

S;?2cimen 2 36 35 

s pee: J"rllen .5 

S :)2 c ircen 4 

Producer Young Bros. 

pit Location Waco, Texas 

Aggregate Type 100% Li~estone 

Lab Sample No. 

Length of Test Period 

49 49 49 

49 49 49 

Initial Value 

33 33 33 

35 35 35 

Polish Value 

APPENDIX XI 

9 Hrs. 

Average 

49 

49 

49 

Average 

33 

35 



POLISH VALUE TEST 

District 17 Producer Young Bros. 

Highv.Jay F.M. 46 pit Location Waco 1 Texas 
60% Lime 

Project No. C-49-14-2 Etc. Aggregate Type Ty D Crse 40% Flint 

Data Samp1ed ______ ~1~0--~1~3--~6~9---- Lab sample No. 

Data Tested 10-17-69 Length of Test period 9 Hrs. 

Before Polish Average 

specimen 1 52 51 51 5] 51 5J 

specimen 2 52 51 51 51 51 51 

specimen 3 52 51 51 51 51 51 

Specimen 4 53 52 52 52 52 52 

Initial Value 5J 

After Polish Average 

S pc C lrner: 
, 29 28 28 28 28 28 .L 

Speci;:1en 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 

APPENDIX XI 



POLISH VALUE TEST 

Dis,trict 17 

Highway F .M. 46 

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

Data Sampled __ -=1~0_-~1~3_-~6~9~ ____ _ 

Data Tested 10-17 -69 

Before Polish 

specimen 5 49 48 

Specimen 6 50 49 

Specimen T 53 52 

Specimen 8 50 49 

After Polish 

Spec:imen 5 29 28 

Spec in-;2:-.1. E 32 31 

Spec irr~en 7 30 30 

Specirr:en 8' 30 29 

Producer Young Bros 

pit Location Waco. Texas 
60% Lime 

Aggregate Type Ty D Crse 40% Flint 

Lab Sample No. 

Length of Test Period 9 Hrs. 

Average 

48 48 48 48 

49 49 49 49 

52 52 52 52 

49 49 49 49 

Initial Value 50 

Average 

28 28 28 28 

31 31 31 31 

30 30 30 30 

29 29 29 29 

Polish Value 30 
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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 T.y D Te 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 4 54 54 54 

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 31 

Polish Value 32 
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-~~----~-

POLISH VALUE TEST 

I 

I 
District 17 Producer Texas Crushed Stone 

Highway F.M. 46 pit Location Felde Texas 

Project NO. C-49-14-2 Etc. Aggregate Type Ty'p 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 

Specimen 2 33 33 32 32 32 32 

Specimen 3 35 34 34 34 34 34 

specimen 4 34 33 33 33 33 33 

polish Value 32 

APPENDIX XI 
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POLISH VALUE TEST 

District 

Highway 

17 

F.M. 46 

Project No. C 49-14-2 Etc. 

Data Sampled 9-22-69 

Data 'rested 9-26-69 

Before Polish 

Specimen 1 55 55 

specimen 2 55 55 

specimen 3 54 53 

specimen 4 56 55 

After Polish 

Specimen 1 34 33 

Specimen 2 34 33 

Specimen 3 35 34 

Specimen 4 34 33 

Producer Texas Crusbed stone 

pit Location Feld« Texas 

Aggregate Type Ty'P T.C.S.266 

Lab Sample No. 

Length of Test period _.;:;..9....:h:.:.;o:::;..:u::.:r;:..;s~_ 

Average 

55 55 « 55 55 

55 55 55 55 

53 53 53 53 

55 55 55 55 

Initial Value 54 

Average 

33 33 33 33 

33 33 33 33 

34 34 34 34 

33 33 33 33 

Polish Value 33 
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APPENDIX XII. 

Laboratory Design Reports 

1969 Project 



S 

1 

1 

1 

1 

'4eo. •• 1G7 .. ~I5M 

SOILS AND b'ASE MpLTERIALSTtd:rr REPOI{T 
___ c 49-14-2, etc. ______ _ Laboratory No. __ B~1ow 

Date Rcc'd _~~:...~ Reported 9-26-69 
Engineer W. J. Byford 
Address Bryan, Texas _ 

Control Number Section Number Job !'Iumbel' 

Highway No. County Federal Project No. 

Contractor young Bros. Inc. Contn.;. 9-11-69 17 
Dale Sam[>led ~C(l. No. Sampler CharI ie Younll8 ___ _ District No. I_P.E. No. 

Sampler's Title ___________ ' ___ . _ Spccification Item No. 
Sampled From ____ '!ario\'~ t-Tac:.0 Area pita Material from Propcrty of _______ _ 

___ c:::..19:c..;61.000 

Producer Youn}~,~Ec::r..;;o,-"s;..::. _____ _ -----------
Quantity Represented by Sample 
Has been Used on _.--.-__ 

-;:. No ~ 
-

LT. 1"1 

pee i fieat i. 0: i i; Max. 6 

7- 69-1135 22 3 

7- 69-1136 1 

7-69-1145 

I 

-
_. 

Lab No. 
Openlll!> 111 1-----_. 

- -. 
SL LS f;H CI!t~s 

--

1 

._-------------,-...--
S,.ii 

Hinder 

L. A; 
Wear 

30 

Dec <111-

tDtion 

.66 

Un it 
Wcir;ht 

8B.(; 

112.9 

PRRCENT RB'rAINED 01'·1 -_. - ._--_. 
Square Me.s\. Sieve ._------------------

lnche" Slevo Numbcl's 
.--"~ --,--

.. __ .. -
Grain D12 In. -----

In Mllllrne h~t':J SiH,)(!lilc 
---.... Gravity 1---- •..... _---

3 2'1.. 2 IV. lJ,~ % % 'Y. 4 10 20 40 GO 100 200 .05 .005 .001 

---------- -I- 0 -

7-69-1135 0 3 14 30 56 

'-_. I 
SAMPLE IDEN'I'lFICA'I'ION 

Lab. No. IdentlflcatluJI Marks Locatlon-l'roperlles-·Stallon Numbers Type of 1-lnterlals 
----. -----------"-

1 7-69-1135 Ncedhan Pit Field S<lnJ 

1 7-69-1136 Young Bros. Concrete Sand 

1 7- 69-1145 Young Bros. Crushed Stone 
,. ; .. 1. 

'1' ested in Oi ~trict 17 Lahora ory 
/: Ron Vos Is. Chns. McCullo h 

On : 9-16,25 I- 69 

. - . .. , --
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1'1 
! . 

Tu •• HI;rhwa:r neparhn.at 
.c· .... ~CI.9 

.",., 

. ASPHALTIC'tONCRETE STABIrtTY REPORT 
Laboratory No.. R.3-69-1064 thru R3-69-1068 
Date Received ~2 .. 69Date ~epo.rted 9 .. 23-69 
Dist. or Res. Engl". _Won=" ~J:::::,.~J3~Y_·f_ol:_tlu_ -____ _ 
Address Bry~a~n~~:~-,~ __ ~~~ __ 
Contractor _ Young B,:os. Inc. Contrs. 
Sampler c;-yoijng .... 
Sampler's Title SEockpiIcs-:.rrsout'c·::-::'e::---
Sampled from -----..,--c---~-:__::-:--~~~. 

. (D •• 'en Specimen, Car, Truck, Plant, Road) 

Asphalt Producer _t~fl;er. Pet. 
Type . ~C-!O~~~~~~~~ __ _ 

Aggr. Producer _._~~~tone ! .. Cone. Sana: .. 
Young Bros. 

--Yf.~wI;"~:eearla.n 

-------.--,..-----....,---
-------_ ... _----_._-------

!to CIIARGE 

C .. 2851-1 .. 15, PDOJ.86C-f.,9-14-2·, PO 01.17 ,etc' 
Control No. Sect. No. Job No. 

Brnzos. Robertson,etc • Fl.f 23l8,FWI·(.,atc. 
Count)' Federal l'roject No. Hwy. No. 

17 
District No. Req. No. Datel:lamplod 

Specification Item No. _1_9_6_1 _______ _ 

Stencil No. 1%1-OOO,7-69 Type __ D ____ _ 

I nEQtJESTED DETFlRMINATION NO. 35CD(">=:J 

'===-==:;;.~. --.==:=----==-:-~~===r===:';;;;;;;;;;;~~;;;;-p..-;;;;;;;:;;-:;;;;-~ .. ~~--:;--;;::;;. ;;::-~:,:.;~=--. 
. Laboratory Spec. Identlllcatlon I Station Asphal t % 

No. No. Marks No. 

R3-69-10 1 
2 
3 

1 
2 
3 

P~ .. 69 .. 106 1 
2 
3 

R3-69 .. 1067 1 
2 
3 

U .. 1 .. 69 .. 1063 1 
2 
3 

,. 

It 

by volume 

8.26 

10.48 

11.56 

12.63 

Asphalt SpecImen lit. Spec. Density Hveem Stab. lIvclcm St 
(% by Wt.) (tn.) (Field) (%) (%) (Avll'. % . 

--.~---------+~-------.~.--. -----+--~ 

3.5 

4.5 

5.0 

5.5 

2.04 
2.03 
2.04 

2.03 
2.03 
2.Q3 

2.02 
2.02 
2.02 

2.0l~ 
2.03 
2.03 

. 2.02 
2.GO 
2.01 

93.3 

-- 94.6 

-- 96.1 

-- 96.7 

... 98.3 

43 
1.2 

·46 .. 

44 
44 
47 

45 
45 
45 

42 
43 
43 

40 
43 
44 

44 

45 

45 

43 

42 

D .. 9 Rc .lrks: Hveem stab lity vnlu s meet req l1rements for this p.rpjcet. 
• •••.•••• --~ ... - - "<~ 

ja 
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TAnLE NO. III 
OLD METHOD'S TEST RESULTS· BY ASPHALT CONTENT 

Asphalt Content Hveem Density Hveem Stability 
________________ -->.;(A_'\._'~f£"_._o_f _3 .... )_ .. _______ J~.Y.J;. o.f2}_ 

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 HETHOD' S TEST RESULTS BY ASPHAJ ... T CONTENT 

'A$phaUCo"ntent ------Hvee~-D~nsity --·-H;;;~~-St;;b:iTity . 
________ ._.~ b~ vol.) . _..1% b:[ vol. )_._. __ ____ ~~K!_2L .. 3.1. __ _ 

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 

-11.56 96.7 43 

12.63 98.3 42 

Charts and grBphs are attached giving gradation of aggregat4:!s used, Dsphalt 
cOntent by weight and volume and Hveem Specimen density by weight ane1 volul1w. 

APPENDIX XII. 



Robertson Co., etc. 

TEXAS RIGHI-lAY DEPARTMENT 
DISTRICT 17 LABORATORY 

BRYAN, TEXAS 
October 2, 1969 

C If9-14-2,etc. 

The District 17 Laborato~y has completed a design for Item 1961.000,'iHot Mix 
Asphaltic Concrete Pavemcnt"(VoluTnetric Design), to bE' used on various jobs 
in the 1969 Level-Up project. This design used 2.5 parts crushed limestone 
aggregate, 'res iff 665 Type D, from Texn:> Crushed St one Company ?t Fe 1d, Texas, 
3.3 parts crushed limestone aggreg3te i'! 266, Typo F, from Texas Crush~d Stone 
at Feld, Texas, 2,1. partH concrete sand from Tey:"'!~ c· ... "c ~,n .. l Store C()r11~mi\,."'t

Feld, Tcx~!s, and 2.1 parts field s,md fLom th0'Santanna Pit neFll" Austin. l,ab
oratory testing vms mad-:: under l[1boratcl:y identirication nmr:ber 17-69»·l-IMII.C-2L,. 

The laboratory denign grading and specifications are ~hown on the attached 
fonn entitled "Aggregate Blending Tabul:d·ion". 

The Specifications :ccquin" that the a:i)biJlt: 1I1cH.:(:rial Lb·)l1 for.;l from 9 to 19 
p~!rcent of the mixture byvoluwc (Absolute). All spccim'2ns V.'cre TI13de w'ithin these 
lj wi ts. 

'l'A1~T;E NO. 1 
SPECH'IC GRAVITY 

__ ~~_~"'_'~'"""_~ ____ "' ___ '~"'-~""L""."'''''''''_''''_''''"_'' __ '_''''' __ ._"~" __ ,._._,,,,,.,,, __ ,,,~.-,. __ ., __ . _ .. ",,,,,,,,,,"",,,,"_,,,_,,,,,_~_,,,,,,_<-: __ ,,-_,~,_,,,,, ___ ~~ __ ' ___ ' __ '."""""" __ ~_ 

Size Crushed Gravel Crusbed Gl"11'.<:1 CODn.·':te Field 
Sieve (Type D) (1'),',o F) Sand Smld 
_,. __ .... _. __ ~_...... _" "' ••• ~~ ..... _K ____ ~ ......... _.,_, ___ ....... , ........ _ ....... , ..... _ ......... ,,_ •• ,_,t;,.,,~ .. __ ._ ... ~~,_ .•. <. __ ~ ,.......-____ ... _,_,'..,.., ...... ~._' • ~.,_~_._~~ .. _.-.._<'''''' .... __ ... .....-~._ 

----1/2 10 2 .345: 

3/8 - 10 

4 --SO 2,575 

2.609 

80 - 200 2. 7t~6 

Note: 1. Specific gravity of the combined aggregate is 2.483 
2. American Petrofina AC-IO asp~31t was used in this design. Its 

specific gravity is 1.019. 

TABLE NO. II 
PROPORTIONING OJ<' MATERIALS 

Cr~shed-i·imes~·-Er~~;J"'-Limesto~le· 
T.C.S. # 665 T.C.S. # 266 

25% 33% 

APPENDIX XII 

21% 

---'--' -

-----1-; 

21% 
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.' 
~' .. 

-'ASPHALTIC~ONCRETE 'STABItdTY REPORT 
CHARGE $24.00 

C-28S1-1-1S, PD 0166 C-49-14-2, PO 0177,etc. 
Control No. Sect. -No. Jeb No. 

Brazos, Robertson.etc. PM 2318, J!lII 46,e:' 
County Federal l'roJect No. 

.. -District No. l~eQ; No. Date Sampled 

. S . 'fi 't' It N 1961 pecllca Ion em o. ____________ __ 

Stencil No. 1~61 ... 000.1-69 Type D ____ . 

------------------------.-------------------
. ---.--===:-,===-.-~;-:-=-=---

l,aboratory 
No. 

Spoc. Identlllc"Uon 
No. Marks 

1 17 .. 69-l'l1:\CI->24 
2 
~-.-: 

I 
1 69.,,6S61-II 1 iJ 

f :2 
1 3 

:." 

Ii • 
f 

-- ..... 
17 .. 69 ... UMAC .. 25 

69-6566"11 1 1 

11 
2 11 
3 111 

~6569"'H 1 .. ,~. _. 

2 
. 3 

-- .-----

Station 
No. 

--

Cohnnlomcter Asphalt Specimen Ill. Spec. Dcn~lty Hvet'1II Stl~b. 
Vnlue (% by Wt.) (In.) (loield) (%) (%) 

8.0 2.02 99.3 51 
2.01 '~7 _ .. __ .-.... .. 2 .. 00 :49 

• 
8.7 2.02 102.3 45 

2.02 l~O 

2.02 44 

- --' '---.-

8.S 2.01 102.0 39 
2.01 38 
2.01 41 

9.2 '. 2.,();2--· 100.9 "32 -
2.02 28 
2.03·.~ 30 

--_ .. _--_._- .. __ .-. -_. --

-

Ii \'t~ern S 

(Avv;. ~ 

43 

35 

30 

D-9 Rcra.ll: tEl: 11 ecm stability values meet reql.t:irament::; fotb:l.s proj~ct. 

; ja 
J 
:; 
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"rea-h,. 1,il«h,l-'Wtt1' D'£-pfllrtl:l:ttfnt 
J·'Q,r.li~" G-JU ,...,.,. 

ASP1-LAL.lJC \.AOr~CRE1"'E ~rlI.DI11IY i\EI'ORT 
CHARGE $30.00 

11 
Asphalt P!'odllcer 

Ai;!r.l~Y j~~ :'il~~-~'~_: ~ -.~. ~2. ~:~-i"·':~;~·[Jf?::~·jZi~~-'Y~_·= 
DlcUi<;t No. 

Specification Item No. _~.~61 __ . __ . __ ... __ . __ . __ 

I~ (:. :,;~ -'t-" ~i· ; ·_:.!~·;i~:is ~~-k:·j.-{~fI-d-·-:·;{:;·t·l.~Y~-·-

~:~ .. =·=_~::·~~~ .. ~=~·=·====~·;;;:2:~;~1 .. ~y:.·_~~.~21! ~)'i~~-= 1~~I!:QUES'~~~~1'ElnMlNATlot. l;O-.---~JGS(;-)--1 
. ,~,c:=-=.c =~ .• -''-':c-c_ '.'0"'"":0;00=.' .,r;';.::..y,g,L.,,J, ··.c~(£~J);' .,. Y o},,=L~:~::-=;-;:=:-;;;:::~--==:-=-:~.,;,~--;:;~;;~~;:-::-: ;~-;:-::::;:;-:-:;;;::,~~,=;, .;,., 

rl.1hor~tvi.Y I ~:r-,.'(:· hh:Htia~:atioll t-~ii:-:i.~I~~ ,u)ueiit~...J.-,-(t,~\;J· .Af;.v~lalt I Specimen nt. Spec. Dt:aulty 11\,(',(;1" Stab. Ilveern :-~~O{t,. 
No. No. hi,,,·!,,. Ii,); Xi(i<lF;,: (% by Wt.) (In.) (l,'le:d) (%) (%) (A",~, '",) 

-----~-- .. --. --.. ----.~ .. -- --_._-- -._--- . ~---,¥.~-,~ -,------_ .. _- -_._--_.- -~---- --, .. ---_._- ------ .. ---~- ----'._-

,; ~-;~. ~:: ~-:. ,,; -/" 

.', 
-' 

2 
') 
• .> 

1 
z 
J 

1 
11 
1I1. 

II 

II 

<)1. 9 

93.6 

95 .l~ 

97.0 

98.0 

12.89 

14.33 

15.76 

li'.i5 

5.0 

5.7 

6.4 

7.1 

7.8 

I 
! 
n 
! 

D-9 kmarl s: I;'oi em et.orbH· ty values li,eet rC'lui .. <!'!1Kmts for this 

ja 
'I ~ 

11-- " 
~ 1.'0 . ! 
I OeSTlOlrhe"/"h . I of T '< .r," <;1 k-1;j!II. t {f~tJlrCrllentj .. ___ . e,., t ,cthod T('x. 'Or· J:: 

-----. __ - ~ • Ie 

---~---............. 
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2. (I, ,';.; 
2. G!~. 

2.nz 
Z.O] 
2.01 

2.01 
2.Gi5 
2.00 

2.02 

2.02 
2.01 
2.02 

"91..7 

--93.5 

.... 95.3 

--98.4 

47 
'ta 
47 

48 
40 
I/!3 

46 

41 

f .. (". 
.... 'J 

. ,. 
I 



U)O 
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! ,NOTE:, , T~iJ de~~gn: mu~Jb~; c~r~ccteid: 
' .. _ ... ~ _._P __ '_ .• h" ........... _. __ ........... __ ,,·., . ..1 ••••• _ J. L_._ ..... __ j._',. __ ... _'_. , .... : 

_ :: (0/ .. ; "Y-
Eot', !a~ ag~regate~bsor~i:i6ri -iO£ 3.2 percent. 
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Asphalt 
Content. 

5.0 

5.7 

6.4 

7.1 

7.8 

Specs. 

TABLE NO. III 
OLD METHOD'S TEST RESULTS BY ASPHALT CONTENT 

-HveemDens i ty 
(Avg. of 3) 

91.7 

93.5 

95.3 

97,0 

98.4 

TABLE NO. IV 
NEW METHOD'S TEST RESULTS BY ASPHALT CONTENT 

9 to 19 95 to 99 

11.41 91. 9 

12.89 93.6 

14.33 95.4 

15.76 97.0 

17.15 98.6 

ttveemStability 
(Avg. of 3) 

50 

48 

46 

.47 

48 

Min. 30 

50 

48 

46 

47 

48 

Charts and graphs are attached giving gradation of aggregates used, asphalt 
content by wei.ght and volume and Hvcem Specimen density by weight and volume. 
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TEXASHIGm~AY DEPARTl1ENT 
DISTRICT 17 LABORATORY 

:aRYAN, TEXAS 
October 3, 1969 

... " 

lh.-s2os. County, Robertson County,ete. C49-14 .. 2,etc. 

·TheD1strict 17 J~aboratory has completed a design for Item 1961.000, "Hot Mix 
. ·.Asphdtic Concrete Pavement" (Volumetric: Design) ,tobe used on various jobs 

in the 1969 Level-Up project. This des:ignused2.0 parts crushed limestone 
aggregatCl, TCS if 665, from Texas Crushed Stone Company at Feld, Texas, 1 •• 0 
parts crushed limestone aggregate J TCS 11 666, f .... om Texas Crushed Stone Company 
at Feld, Texas, and 4.0 parts field sand from. the Wehrman's Pit near Bryan •. 
J .. aboratory testing was made under laboratory identificaHon number17"69-HMAC·25. 

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

The Specifications require that theasph3ltic: material shall· form from 9 to 19 
pE!rCent of the mlxture by volume (Absolute). All specimens were made within 
these limits. 

---_._ ........ .".---
Size 
.§ieve. 

3/8 .. 4 

4 .. 80 

+ 10 

+ 80 

- 80 

Crush GT"aVe 1 
TCS if 665 

2.345 

: TABLE NO. I 
SPECIFIC GRAVITY· 

--------Crushed Gravel Field 
TCS # 666 Sand 

2.462 

2.473 

2.510 

2.720 2.682 

Note: 1. 
o· ; 

Spedfic gravity of the combined aggregate is 2 .49l~ 
• 2. 

\ 

Humble AC-IO asphalt was used in this_design. -Its ,specific gravity 
is 0.996. 

Te·s II 665 
Crushed Gravel 

20% 

TABLE NO. II 
PROPORTIONING OF MATERIALS 

Tes II 666 
Crushed Gravel 

40% 

APPENDIX XII,. 

Wehrman's 
Field Sand 

40% 
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Te'<I"1 IIlgllwI\Y Department 
Fo~m 476A 

SOILS AND bASE MATERIALS TLdT REPORT 

Control Number 

c 49-14 .. 2 , etc. 
Section Number 

Rob"ertson, etc. 
County Federal Project No. 

Laboratory No. ___ -'B.I.5e~lu. OaWL-______ _ 

Date Rec'd Reported 10-2-69 
Engineer~~~f~o~r~d~ _____________ __ 
Address Bryan, Texa~s __________________ _ 

Contractor -.Ys~ro t;h er""s'---_______ _ 17 
District No. I.P.E. No. lleq. No. 

Job Number 

FM 46, etc. 
Highway No. 

Date Sampled 

Specification Item N o. ___ ---'lL9~(iL!) l"-,,-",O~O~O,---___ -:--_ 
Sampler CbaJ.:li~eC-....l.y..\!o~u~n~g'--______ _ 

Sampler's Title __ 
Sampled From Va r:i,.::co-"u:.!;s~~;,,--______ . Material from Property of ___________ _ 
Producer . .T..exas.....C.ng:,lJ('d ~tQn0 & lleNH13n Pit 
Quantity Represented by Sample 
Has been Used on __ . __ ProposedforUseasHot Mix Asphaltic Concrete Pavement _ .... _-_._,.- ..... . - ---

J~ab. No. PI SL LS Bn Class Soll WB,,! tJ~;r..ftSi. L. 
Binder % LollS 

rT. _. . . 
Weight 

17-69-1177 23 1 99 

17~69-1178 24 1 45 112.6 40 

- 'P""""" 

PERCENrl' RE'I'AINED ON 
- -----

Square Mesh Sieve Grain Dl~.m. 

Lab No. 
Openlll[; In Inches Sieve Nt Imbers in Mlll!meters S:pecUic 

Gravity 

3 2¥,. II l~ 1% . 
---' 

-17~69- 1177 

17-69- 1178 

I 
~ .. -

~- - ----

-_._._ ... _""", 

Lab. No. Identification Marks 

17-69-1177 

17-69-1178 

Tested in District 17 Laborato y 
By: Ronnie Voss 
On: 9- 26- 69 

% % % 4 10 20 I 40 60 100 200 ,05 .005 .001 

0 1 1 

0 10 46 55 

SAMPLE IDENTIFICATION 

Location·-Propertles-Station Numbers Type of Materials 

Needhan Pit Field Sand 

Texas Crushed Stone Concretg Sand 

QUALITY SAMPLE 

APPEND IX XII 

A. Wear 



'.1'o:~::..:t.-'i Ji2g.l\\'ilY li~pnJ"tluent 
FornI 548 

ASPHALTIC ~ONCRETE STABILiTY REPORT 
CllARGE $30.00 

Laboratory No .69-6112-n thru 69-6116-n 
Date Received 9-25 .. 6: Date R~ported' 9-26 .. 69 
Dist. or Res. Engr. ~,. J. Byrord 
Ad dress Il r--'YO-<_'ln_=-__ ,.---_-,;_-:-_ 
C 1 t YounG i}:r.os. inc. Contrs. 'Oil "rae or __ _ 
Sampler _ Charli.c;-y_·0-o-u_r....:1S::..· ____ _ 

--:~C=:-.:-=2~8~5,:::.1_ ... .::.1-....:1==5::..lt~P=-D-;:-;O::.1=.:8",-" 6:;:... -.::;C;--t,i-~-f;9 ... -,-'1,,-,-~,--,I.-2 2-I:iLO 177 • e t. c • 
Control No_ Sect. No. Job No. 

Sampler's Title ___ <},-:o:-:":-1t.-:r_['_",_~_ r_"u_r _______ _ 
Sampled from Dcaign . 

(Design Specimen. Car, Truck. Plant, Road) 17 

Robertson.etc. 
Federal l'roject No. 

Brazos! 
County 

F,i>1 2818. F'H, 
Hwy. No. 

District No. Req. No. Date Sampled Asphalt Producer Amer. ~et_ . ..:... .. ________ _ 
. ~" 10 Type ___ . __ ._,.':.\~ __ . ____ _ 

II ' 21'% F-Lol.1 c.'ul1d 
Specification Item No. _-=1;,.:.9...::6..=1 _______ _ 

.,.gFl'. Proul1cer ~ ____ -:_:~_-~ .. :::~-'::_~__ _,_~ __ 
-~. 211, Te.:;.;.(!-.r..St. San.d 

'1 
_.J 

t· 
fa> 6,.1--iY"-Gl1/~.-~T 1 

2 
3 

1'" 
: (,;:',-;:,11':><1 1 

2 
I 3 

2 
3 

n 13.25 95.3 

:1 1.4.69 96.9 

16.10 98.5 

5.9 

6.6 

7.3 

2.02 

. 2.02 

2,03 

2.01 
7. ell 
2,eo 

2.00 
1.01 
2.01 

.... 98.0 

.... 99.5 

DeI Renwd,,,: Ilvee", stabiH ty ·aiue. mc'" re qui"",,,,, e t S £ Qr thi S P'':i en t. 

... 'if"· 

! .-

APPENDIX K I 

60 

53 
61 
54· 

56 
54 
56 

57 
53 
57 

56 

55 
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T&:.BLE NO. III 
OLD MT:T~10D! S TEST RESULTS BY ASPHALT CONTENT 

---"'-' ... ""-"'-"''''-'''- -Aspnalt; Content Hveem Density Hveem Stability 
.1Avg, of 3) " _(Avg. of_)~ 

"-=-,,,~,-

4.5 92.9 57 

5.2 94.6 59 

5.9 96.0 56 

6.6 98.0 55 

7.3 99.5 55 

TABLE NO, IV 
NEW METHOD I S TEST RESULTS BY ASPHALT CON'rENT 

- .- - - ,--"""-------------"""',..~---, --_. _._-
Asphalt Content Hveem Density Hveem Stability 

_________ (% by V.?f.:.l (% bLVol.) __ ~. _lAv~_ 
Spes" 9 to 19 95 to 99 Min. 30 

10.30 91. 9 57 

11. 79 93.3 59 

95.3 56 

14.69 96.9 55 

16.10 98.5 55 

Charts and graphs are attached gl.v~ng 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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TEXAS HIGHWAY DEPARTMENT 
DISTRICT 17" LABORATORY 

BRYAN, TEXAS 
April 16, 1971 

" " 

Robertson County. etc. 

The DistI'f.ct 17 Laboratory has completed the design for Item 21..,3, Type D "Rot
Mi:lt Asphatti.c Concrete Pavement," to be used on the 1971 Level-lip projects in 
the Washington County area, Material used in this Design was pitt'lIrt gravel 
from La Grange, Texns. Humble AC-20 asphalt was used 1n this design. 

This design was made under Laboratory Number 17-71-HMAC-43. DE'nsity, stAhl Ii ty 
and cohesiometer values are shown irttabular and graphical form within this report. 

Sieve 
Size 

3/8 

4 

10 

+ 10 

10 - M) 

40 - flO 

flO - 200 

- 200 

TABLE NO. I 
ORIGINAL SIEVE ANALYSIS 

Pit Run Gravel 
(Volumetric) 

7.9* 

31.6 

25.0 

14.5 

7.9 

7.9 

5.2 

Pit Run Gravel 
(By Weight) 

5.0 

32.0 

23.2 

(60.2) 

17.4 

6.2 

10.2 

6.0 
*Exceeded specifications 

TABLE NO. II 
PROPORTIONING OF MATERIAL 

Pit Run Gravel 
1001., 

Specifications 
(Volumetric) 

0-5 

20-50 

1.0-30 

50-70 

0-30 

4- 25 

3- 75 

0-6 



4.0 

1 ... 5 

5.0 

5.5 

6.0 

TABLE NO. III 
TEST RESULTS BY ASPHALT CONTENT 

Density 
{Avg. of 3) 

·93.1 

96.0 

96.9 

97.5 

98.0 

Hveem StabT1'Tt'Y~"C'ohes'iometer Val. 
(Avg. of J) (Av$. of 3) "_ 

42 201 

35 ·?R2 

25 276 

* 2(,1 

* 258 
*Stabi Ii ty too low to calculate 

TABLE NO. IV 
SPECIFIC GRAVITY 

~ 

Sieve Pit Run 
Size Gravel 

1/2 -4 2.603 

10 2.418 

10 - 80 2.466 

- 80 2.740 

The average specific gravity of the combined aggregate is 2.560. 
The specific gravity of the Humble AC-20 is 1.026. 

--,- ---r--- ----- ~------,- -----"- -------- -
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ASPHALTIC ~ONCRETE STABIL~rY REPORT 

---

Laboratory No. 71-1873 ... tbru 71-1877-8 
Date Received4-"S -71 Date Reported 41-71 
Dist. or Res. Engr. Dalto. AM Kittrell 
Address BMrM 
Contractor Joll •• I. .1" 
Sampler r. J. '~)I"ir 
Sampler's Title Sr. h.. 1_. 
Sampled from Delia. 

(Design Specimen, Car, Truck, Plant, Road) 

Asphalt Producer _ .... IRj·uw ••• b ... 1 .... __ .,..--_____ _ 

Type ________ 4'.C=-I~o~ __ -------------
Aggr. Producer __ -'!i ....... t ........ O .... r-4ll.~v:.BI .... , ______ _ 

I .. Ora,. 

-

Charse ,60.00 

C ... ' ...... 29 t n 024'. c ...... t-l4A "0246. etc. 
Control N • SltCt. No. .Job o. 

Ir, .... Iobutaoa.etc. • '..te. 
County Federal Project No. Hwy. No. 

17 3-29-71 
District No. Req.No. Date Sampled 

Specification Item No. - __ 2 ... 1~OMJ,--------

Stencil No.21OS...QDQ.10-ZO Type D 

I HEQUESTED DETERMINATION NO. 3803 (38) I 
Labora.tory Spec. Identification Sta.tlon Coheslometer Asphalt Specimen Ht. Spec. DensIty Hvcern Stab. HvcemRtab. 

(Avg. %) No. No. 

1"1873-1 1 
2 
3 

1·1174-11 1 
2 
3 

1-181)-11 1 
2 
3 

lc181 • .-a 1 

I 

2 
l 

1.1.811-8 I 1 
2 

I :3 

,""""",..,,,-- .... ,,._ .. -.1-

Marks 

17 -71 ...... «.: f43 
1 
11 
111 

" 

" 

" 

" 

No. Value (% by Wt.) (In.) (Field) (%) (%) 

1fl 4.0 
200 

lva· It 
302 
280 

~VI· 
W. 
282 

212 s.o 
243 

~va· 
m. 
276 

237 
259 
28,8 

~VI' 261 

235 6.0 
237 
W. 

~va· 258 

2.OS 
2.'6 
2.0l 

2.03 
2.03 
2.06 

2.02 
1.04 
2.00 

2.0S 
2.Q' 
2.01 

2.00 
2.01 
2.03 

93.7 

96.0 

96_9 

97.5 

9R.O 

41 
41 
4' 
36 
36 
l4 

27 
23 
25 

• 
* 
* 

• 
* • 

---- -------- --T ---- ------ ---

42 

35 

25 »-

* 

• 

I· 



SOILS AND bdSE MATERIALS Thor REPORT 
Laboratory No. --=1:-:..7-:"'-..:-.7.::;..1-_6::....:0:..;:8~. ____ -.,. __ 
Date Rec'd 4- 5- 71 Reported 4- 20- 71 
Engineer D. A. Ki t tre 11 
Address Hearne, Texas 

C 1.9-8-29, etc. 
Control Number Section Number Job Number. 

Robertson. etc. SH 6. etc. 
county Federal Project No. Highway No. 

Contractor J one s G • Finke 17 3-2i-71 
Sampler F. J. Shenkir 
Sampler's Title Sr. Res. Engr. 

District No. I.P.E. No. Jleq. No. Date Sampled 

Specification Item No. 2103 
Sampled From --,P=...i.;;..;t=...· _________ _ Material from Property of __________ _ 
Producer ______________________________ ~ 

Quantity Represented by Sample _~ ___ _ 
Has been Used on _____________ _ Proposed for Use as __ ---.!.!HMA:..::.:;C:::.-________ _ 

Lab. No. Lr~ PI SL La sa Cla .. Soil WBM 
" Moist. Binder " Lo.s 

s pees. Max. 6 

17-71-608 19 4 

PERCENT RETAINED ON 

1 

T 
B 
o 

Lab No. 

Lab. No. 

7-71- 608 

ested in D' 
y: Dean Cl 
n: 4-20-7 

Square Mesh Sieve Grain Dlam. 

Opening In Inches Sieve Number. In :Mllllmet8l's SpecUSo 
Gravity 

3 2~ 2 l~ 11.4 '" 'Ii '" 4 10 20 .0 80 10.0 SOO •. 06 .005 .001 

SAMPLE IDENTIFICATION 

Identification Marks Location-Properties-Station Numbera Type ot Materials 

17-71-HMAC-!+3 

strict l.7 Labora ory 
addock 



. ' 

Robertson Co •• etc. 

. ~ .. 
'it ' . 

• 
TEXAS HIGHWAY DEPARTMENT 

DISTRICT 17 LABORATORY . 
BRYAN. TEXAS 

December 22, 1970 

,C 49-8-29, etc. 

,liThe Dis,trict 17 Laboratory has completed a des181l for Item 2103 Bot Mix Asphal
'tic Concrete Pavement (Volumetric Design) to be used on \tariou8 jobs in the 1970-
71 Levelooup Projects. The design used 3.8 partsP'eilGravel frot/reHford HUl, 
2.7 parts Gravel Screenings from Gifford HUl, I.Sparta ,concrete aancJfrom 
Gifford HtU and 2.0 parts field sand from the Cotroppa Pit • taboratorytesting 
was made under Laboratory IdenU'fication number 17-70"HMAC-90. 

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 
petcent of the mixture by volume (absolute). All specimens were made within 
th~~~ limits. 

Size 

1/2 - 4 

3/8 - 10 

4 - 10 

10 - 80 

Passing 80 

Giffo·rd Hill 
Gravel 

2.595 

2.585 

TABLE NO. I 
Specific Gravity 

Gifford Bill 
Gravel Screenings 

2.574 

2.626 

2.615 

Gifford Bi11 Cotroppa 
Concrete Sand Field Sand.' 

2.553 

2.633 2.615 

2.770 2.725 

Notes: L SpeCific gravity of the comb~ned aggregates is 2.617. 
2. Humble AC-20 asphalt was used in this design. Its specific gravity 

is 1.026. 

Brazos River 
Gravel 

TABLE NO. 11 
PROPORTIONING OF MATERIALS 

Brazos River 
Gravel Screenings 

27% 

Brazos River 
Concrete Sand 

15% 

Cotroppa 
Field Sand 

.. 

.. 



Asphalt 
Conteitt 

4.0 

4.5 

5.0 

5.5 

6.0 

Specs. 

TABLE NO. III 
OLD METHODtS TEST·U8ULTS BY ASPHALT CONTENT 

Hveem Density Hveem Stability 
(AvS. of 3) (Avs. 

94.7 

96.2 

97.4 

98~8 

99.0 

TABLE NO. IV 
NEW METHOD'S TEST RESULTS BY ASPHALT CONTENT 

Asphalt Content 
(% vy vo1.) 

9 to 19 

9.6 

10.7 

11.8 

12.9 

14.0 

Hveem Density 
G by Vo1.) 
95 to 99 

94.7 

96.2 

97.4 . ( 

98.8 

99.0 

of 3) 

38 

37 

35 

28 

(too low to 
calculate) 

HveemStability 
(AvS. of 3) 

MIn. 30 

38 

37 

35 

28 

(too low 
to calculate) 

Charts and graphs are attached giving gradation of aggregates used. asphlillt content 
by weight and voluem and Htreem Specimen density by weight and volume. 
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. '--.~ /) 
-/ I 

7:? -r,J(} L .s 

-f 81/ ,/t:> , 

11- / ' ...+"1t7( jNl1,j I- ;; 
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ASPHALTIC LONCRETE STABILlfY REPORT 
Laboratory No. 13-70-1352 thw 1.3-70-1356 
Date Received 12.14-1'bate Reported U .. \5-70 
Diet. or Res. Engr. Delton At XittnU 
Address· atuu 
Contractor .... a.PIAke 
Sampler ,. W. SMrdtlr 

. 0-4'·8-29, '.f0'.'- 0-4?,..,..l'D 0146 •• tc. Control No. ct. No. . Job No. 

,---

Sampler's Title Sr. Re.. I_I". 
Sampled from 'lt Sit ••. 

(O •• I«n Specimen, Car. Truck, Plant, Road) 

C!~~,,··IftJ&!!T':!f!·NO. 
DI.ATct No. keq. No. 

"'I. .• tc • Jiw)' .. o •. 

ateamplii Asphalt Pl-oducer _-..l1mph_1lllUli1.st ______ _ 
Type hC-ZO . .. Specification Item No. __ 2::..:1~O:.:3:......-_____ _ 

Aor. Producer QtffordBJ.ll Grnel 3.8 pal'U .. 
Graul Icry. 1.1 ,an. Stencil No.21!leOOO,10-10 Type_..::U'--__ _ 
Q1UodJU.ll CoM. · ... 1,,' . 
Jatt', r------~--~--.-------------------_, 

·Ct's-.,.. ".14....,1.0 . REQUIlSTEOD1DTERMINATION NO. 3803(.) 

, Laboratory. Spec. Asphalt Specimen Ht. Spec. Density Hveem Stab. Jlveem Slab. 
. No. No. (",by Wt.) (tn.) (Field) (%) (%) (Avlr.~) 

----~~-+----r_~----~~~~~~------~~~~~~--~~--~~~-~~--~~--+_~~~ 

13-70-1312 

*'-'O-U53 

13-16-1»4 

U .. 1o-U5S 

&3 .. 70, .. 1356 

1 9.6 
2 
3 

1 .. 10.7 
2 
3 

1 It 11.8 
2 
l 

1 It 12.9 
2 
3 

1 n 14.0 
2 
3 

HV 
AR' LOWEH T .AN THCX:;E 
SPE IFIED FOR TI IS Pf<OJECT 

112 4.0 
116 

~ .. -df. 
1.29 4.5 
151 

INt. 11 
179 5.0 
1'~ 

Ava. tfi 
184 S • .5 
195 

Ava· ttl 
142 6.0 
162 

Avg. ·flf 

low to ca cUlate. 

.00 
l..91 
1 .• 96 

1.'8 
101'9' 
1 ... · 

1.01 
2.01 
2.01 

1.01 
2.01 
2.01 

2.03 
2.01 
2.01 

94.7"''' 

96.2-

98.8"''' 

99.0-'" 

37 
39 
)' 

38 
37 
31 

36 
» 
35 

29 
21 
2:1 

'* 
'* ." 

37 



I 

..-.. .. .,.-

SOILS AND BASE MATERIALS TESfREPORT 
17-70-1502 

Laboratory It\ .. t,.,o . 12-22-70 
Datt; Rec'd D. A. Utffi!pd ----
EngIneer --..... ~ ...... r-.......... ,.....--------Ad~s _____ K1W._._f_ue-n,_T-."'~.~ __ ~r-____ ___ 

Contractor ____ J"fiOliW_ .... r-1I"r-.--c'~t ...... rn· .. ,_lilC--. __ _ 
Sa I J ... W. Stlttey 
Sa::l:~s Title SUlr. Tecti. 11 I 
Sampled From _ I_t_o_t _ltp_t_l_e _______ _ 
FTodueer, ____________ ~----
Quantity Represented by Sample __ ---'-__ _ 
Has been Used on _____ ~-----

Lab. No. LL PI 8L La 

• ,eclficaUCI ~ .... 6 

1 7-70-1502 23 3 

c 4 .. 8-29. etc. 
Coptrol Number . 
aO.ert .... etc. 

Sectlon Number 

Federal Project No. 

District No. LP.E. No. 

Job Number 
n 6. etc. 

HI8'hway No. 
11-25·10 
Date Sampled J\eq. No. 

2103 Specification Item No. ___________ _ 
Material from Property of __________ _ 

Proposed for Use as _IDIAC __ ' _________ _ 

sa Class Soil WBK " Kolst. Binder " LoSIi 

100 

PERCENT RETAINED ON 

Lab No. 

Lab. No. 

17 ·70-1502 

Te 
By 
On 

sted in D11 
• De.n Ch~ . 
: 12-1S-7C 

Square K .. h Itev. 

Openln&, In Inch .. ille". Numb.ra 

a 2,. II 1M 1~ ,. .. .. , 10 10 40 • 0 

SAMPLE IDENTIFICATION 

Identlflcatlon Mark. LocatioD-Properties-Stat!oD Numbers 

17-70-UMAC-90 Stock, ile 

triet 17 Laborat pry ( 

ddock 

tttl\. ,'. 
~ '\ ~ ... 

' OnlDDIam. 

In KlUlmetera 8peclao 
OraYltJ". 

100 a .. ,01 .00& .001 

Type of Katerlala 

/ ' 

r i 
.1 



TEXAS HIGHWAY DEPARTMENT 
DISTRICT 17 LABORATORY 

BRYAN ,TEXAS· 
December 28, 1970 

ltoberts0t;lCottnty, . etc. C 49';;8-29, etC;. 

The District 17 Laboratory has completed a design for Item 2103, ''Hot Mix Asphal
tic Concrete pavement (Volumetric Design, to be used on Various projects in the 
1910-71 Level-up.. The design used 3. L parts + 4 lightweight aggregate from C10-

. dine, 2.4 parts +10 lightweight aggregate from Clodine, 2.5 parts concrete sand 
from Gifford Hill, Inc. and 2.0 parts field sand from the Cotroppa pit. Labora-
tory testing was made under Laboratory Identification number 17-70-JlMAC-93 . 

. The laboratory design grading and specifications are shown on the attached form 
. entitled "Aggre8ate Blending Tabulation." 

The specification require that the asphalt material shan form from 9 to 19 per
eentof the mixture by ,volume (absolute).· 

Size 

\ -4 

4.- 10 

10 - 80 

Passing 80 

·NOTES: 

Clodine 

TABLE NO. I 
SPECIFIC, GRAVITIES Or THE VAR.lOUSAGGREGATES 

Clodine 
• +4 Hat' 1 

1.580 

Clodine 
+10 Mat'l 

L]93 

Gifford Hill 
Concrete Sand 

2'.553 

2.633 

2.770 

1. Specific gravity of the combined aggregates is 2.004. 

Cotroppa 
Field Sand 

2.615 

2.725 

2. Humble AC-20 asphalt was used in this design. Its specific gravity 
is 1.026. 

TABLE NO. II 
PROPORTIONING OF MATERIALS 

Clodine 
+4 Material· +10 Material 

Gifford Hill 
Concrete Sand 

Cotroppa 
Field Sand , 

:n 24 25 20 



.l8pba1t 
Content 

% 

I ' 6.5 
1.0 
1.5 
8.0 
8.5 

'9.0 
9.5 

" . 10.0 
11'~O 

Asphalt Content 
(Percent by Vol.) 

1·2.1.') 
12.8 
13.7 
14.5 
15.4 
16.2 
17.0 
17 .8 
19.5* 
21.0* 
22.6* 

TABLE NO. III 
" OLD METHOD t S TEST RESULTS 'BY ASPHALT CONTENT 

Cohesiometer 
Value 

(Avg. of 3) 

111 
no 
129 
138 
144 
185 
212 
233 

TABLE NO. IV 

Hveem 
Density 
(Avg. ,of 3) 

87.7 
89.1 
91.5 
91.9 
92.6 
93.9 
94.4 
94.7 
97.4 

NEW METHOD'S TEST RESULTS BY ASPHAl.T CONTENT 

Hveem 
Stability 

(Avg.' of 3) 

49 
46 
46 
47 
47 
47 
4'7 ' 
45 
not tested 

Hveem Density HveemStabUity 
(Percent) (Avg, of 3) 

87.7 49 
89.7 46 
91.5 46 
91.9 47 
92.6 47 
93.9 47 
94.4 47 
94.1 45 
97.4 not tested 
97.1 " " 
97.5 " ' " . 

* These specimens molded after 4 hours soaking in as phlillt bit'lder.Otber specimens 
remained in low temperature oven overnight prior to molding .. " 

Charts and graphs are attached giving gradation of aggregates used, asphalt con
tenUby weight and volume and Itveem specimendens'ity. 

The +4 Clodine aggregate had an absorption of 9.4 percentanothe +10 Clodine 
sggregate, had an absorption of 7. 2pe.rcent. The District 17 Lab'oratory recommends 
surtingw~th 18 percent, s$phaltbyvolume 1£ this aggregat.e.gractat:Lon' is ueud • 
Th~s ~terial wHlneed to be dry .beforeadding asphalt .. atth~ plant.. Some type. 
o~ protective covering for the stockpiles is sugge:8ted. '. ' 

- -I 1-----
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, :'.:"/" ':f.'~~,, " ; ,' , " , ! " , " ',- , .,~ ' .: !. 

'. . '. . . . .' ..... ". .. .. . ... . . , . . ' .st"·ola' .,' ". '. 
ASPHALTIC ~ONCRETE STABILlfYR:EPORT 

Laboratory · No. 70-8611;'8 ' tIlru 7o-S61&-U 
Date Received 12 .. 2lz ... 70 Date Reported __ . .... ' ~ ........ 
DiBt.or Res>Engr. " 
A~,4ress -. ,-. ,-.' ____ ~---______ ___'"_ .......... ........,.,.:..,..;..-
{J()~tractot_ ........ ~.--~ ___ --: __ --:--+,..,...,..,-, 

. . S~pler;-",' .......... ____ ---..-____ -----~-..-,-'-':o-......:.. 
·, ~pier's .,'.ritle------------·,'~, __ _ 

' sarhpled frOID . 
'.',., ' . -(D--. e-sl-gn-'-'S-pe-c--Int-'e-n-. c-.. -r.-T-r-u .... ck-.-p-Ia..:..n-t.-Ro-ad-) 

Asphalt ' Producer _______________ --'-
' Type --: ____ ---

Aggr. Producer ___ 3 ....... 1_PAv-o ... c..... ..*,--,,14::1" -,CifJluQtJkIdlAli~l1IIlIL' _. __ 
~.4 pait' +10 Clodine . Stencil No. TYl'e _____ _ 
2.' part, Gifford Bill eonc.Sau4 .... . . .. , . . ',' 

' Job NO. " Sect. No . 

Coun.ty Federal l'roJectNo. Hwy, No. 

Dlstrlot No. Req. No. Date Sampl~';l 

Specification Item No. _...,.-...,.-___ ......... --'-_---,._-.-_ 

2,,0,.". Cot"»a .n014 Sa~ . ... . . , .. . .. . ' •. , ' .. . . 1 
. . Asphalt*: . " crESTED Dll:·£ERMINATION .NO·3803 (2) _ 

~_======~==~=;===;==' £(%~' Jb~y~y~o~l~u~m~e~)_==~=====7==~' ;;;;' ;;~;;;;~;' ~;;;;;;;;~' ;;;;;;~~;;~===== 
! :t.bbratory " I!Ufff8h .. C()heolometer Asphalt ·Speclmen HI., 

No. Marks' "" Value (% by Wt;) · :(In.) 

i l Q-U1W 16.2 9.0 :: ,. , 

t317,0 220 

17.8 

. '193 
2 3 

47 .. , 
: .. 44 

I1veem Stat). 
(Avg. %) 

47 

, 47 

4$ 

~tf4.;", 
.,;..:. .. '-~,t_-,....--:;.....\_ . .,.;;;/-



l'ma:o 1 of 2 

i~iSl)HALrrIC '-AO,NCltE'rE Sl'A,BIll.~ . .['-y Rl~l~()I(r 

Lftboratory No, ~1,~-:;·~'...lJ~~U;!L+':1dc Z{t:·J:il,n:~},L .. _ .. _. 
Date Received r{~21:,IQ Date Report('dJ;.;:".Za~zQ._ 
Dist. or neB. Engr, _J}!!J..~,P.B_.:!1...JJJ:j;X~lJJ ___ ... __ 
Address _______ . HIe,,~.!l~. ___ .. _ .. _____ .... __ ..... _ .. _ 
Contractor ____ ,19n~!LJk. _n.~4lc.e . _____ _ 
Sampler ____ L..._li._~!..enk.!.L_ .... _ .. _ ... ____ . 
Sampler's Title Sr. Res. ~l~r.L__, ____ . __ 
Sampled from _.__ Oe~Jgn _____ ....... _ .. ___ ._. __ 

(Dllslgn Specimen, Ca.r, True,,_ l'lnnt, H(>ad) 

Asphalt Producer .. -1iruuhliiL ____ ... __ ... _ ..... __ ... ___ . 
Type AC"?.2!L ____ ._____ .. ____ _ 

Aggr. Producer __ .W.....Gllfru:d.._..I:f.ill._CoJJJ::. ..... .sand 
S 'ft t' It N' 2103 peCI en IOn em o. ___ . __ . ______ . __ _ 

. __ ._ "t "'.r."'·'1"'n,,,,,,.,, 'Ir.'';'"ld 1;:,,,.,· .... ··1 ... _ st n 'I N 2103 .. 000 10·,10 Typ" n _.~ ......................... ~ ..... ....,.._ ........ ti. _._ .' e Cl o. ~ ___ .::..:t=-._ e __ ._ ... _._. _______ ._ 
-_____ . __ . __ ._.l,J3~JL .Aggr ..... ...:t!.i. ____ ... 
_______ .. 3.0 Lt. Wl: ...... ~ .. !,! .. lfL_. 

Il : .. ~;_-QU-' E::;:-;~:E-:_R .. -. MI .• N_-~-T_·~;._~._N-.. (.~-. --_-. -... :.:,.,.·.;.~;(;_)~·-._-_ ... l 
---'--'---'--'-'l%splll1 J t*--·· .. · .. ·----.. --·- __ _ _ ._ . __ ._ . 

. =------...".-==-==="'~= ~.-=~===-"~,- ... 
I,abol'atory Spec. Identification ~ Coh<JSiom(ltel' Aophalt 

No. No, Mark.. !UJ; Value ('lo by Wt,) 

. 16 .. 8614-li 

7o-8615 .. ti 

2 
.3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

17 .. 10-

,B--' 6.5 
. lOS 

12.8 

13.7 

J.e?-/.; 
11? 
'11' 
~. )"~'+--l-

.vgfIo 

-;gll~ 

7.5 

ty value" ~.t •• qut~.t' 
<'\~~'J";J.,,,.;.;, I 

:;~,:::) tJ .... '. \ s3 ~.·.l·. I:.)' ~ r~;~~" '. I '<:.::" .... Y",,... 11 '-"'1.1.~ 

L ~: .~; '. ,'- ~ , 
• ! ... - . ., ... 

. . . 
. I . 

I 

1.98 
1.93 
1.91 

1.99 
2.02 
2.03 

2.01 
1.~9 

2.00 
2.00 
1 .. 9~ 

o-~ ~ ..,.. __ J .l.': 

........ 91. 

I 
(0 '/ III .# ,- , '. 

47 
46 
46 

47 

47 

f : I 
I i I I 

I \ "'"' "'bb ". ,1. ,:/ 
...·l· .. '.,"""~ .. - .. -'''''·',.·-·''-... ·~·, "" ~, "'---"'1'-_""-""'.,.1."., ''''' '. 0' 

I t 

46 

47 

41 



....... _ .. _ .. .. _ . .. _ . .... _ .... __ ."-- --. 

' cpuntyRq6en$Qo1£."e~fOj8ct C.I/f ~8 . .2.'.diI 
·HIOh~Qy £P b ~..itont . d . Section_. __ Jo.O_· _ . _ 

Item No. . -2 /0.J 
" . ~ 

. AGGREGATE , 'BLENDING' TABULATION':· 
. . VOLUMETRIC DESlGN · NUMBER 

SPECIFICATIONS BLEND SIZE$ ...... %PASSINGaREt~INED : 
ANDMATERtAt,S PARTS }loa.. 49. ' " 
SPECIFICATIONS 

iYPE...D.. .... 

A " ~wt .AQ;e · 4-4 

~··b!!:~"df~'t> ·.· l · .. 
. . 

o IF;t.D " S d nJ 
'JO'j,./_'.N6. 2.. . 

AM~.A .3 .i 

A(JGL.l!3 . ~ 
AGBE, _L:._ 

o I 0--51~~ 1..,-30162>-~1~~L4~25'"13-Z-J d--l. . 

" p . 

-'LlJJi~J LL. z. J ~,7' 1" /.3 I 
o 
£) 

10 

0 

0 

".6 

-

1 Z7/..3134~ 713Pk,pLij.~ _I 

:l..l L 1~s. _~z.b . ..3.I,1 ~'c7J . 

z·o I~I ~sl /g~oI97.~-ll5el . l/,.3 

,. 

~:I: L: sJfl-,-' D 

/07".4'-5 

0 .' t 1,2-1 /·z. .1 "G? 14a.lllz,~_L~&~· 
I z9.z .t,tlZ"4hls-s.96IJ~71.ag.3 W~~ t 32.,7 
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TEXAS HIGHWAY DEPARTMENT 
DISTRICT 17 LABORATORY 

BRYAN, TEXAS 
April 5. 1971 

Robertson County, etc. C 49-8-29, etc. 

The District 17 Laboratory has completed a design for Item 2103, "Hot Mix 
Asphaltic Concrete Pavement (Volumetric Design) to be used on various projects in 
the 1970-71 level-up. The design used 2.5 parts + 4 lightweight aggregate from 
Clodine, 2.9 parts + 10 lightweight aggregate from Clodine, 4.6 parts local field 
sand. Laboratory testing was made under laboratory identification number 17-71-
HMAC-4S. 

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

The speci.fication require that the asphalt material shall form from 9 to 19 per
cent of the mixture by volume (Absolute). 

Size 
Sieve 

1/2 - 4 

4 - 10 

10 - 80 

TABLE NO. I 
SPECIFIC GRAVITIES OF THE VARIOUS AGGREGATES 

Clodine 
+ 4 Material 

1.580 

Clodine 
+ 10 Material· 

1.793 

Local Field 
Sand 

2.552 

Passing 80 2.740 

NOTES: 1. Specific gravity of the combined aggregates is 2.029. 

Clodine 
+ 4 

25 

2. Humble AC-20 asphalt was used in this design. Itsspec:ific gran ty 
is 1.026. 

TABLE NO. II 
PROPORTIONING OF MATERIALS 

Clodine 
+ 10 

29 

LOCAl Field 
Sand 



TABLE NO • III 
OLD METHOD I S TEST RESULTS BY ASPHALT CONTENT 
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SOILS AND BASE MATERIALS TEST REPORT 

s 

1 

Labomtory No. -=-=1:,:,1""... .. .::....:71::;,.--~6.=..10=---_.....,,--,:--:,...,...-__ 
Date Ree'd 4 ... 8-71 RenDrtJ-....:5~-...:..71~_ 
Engineer D. A. nth'. n 
Address •• arn.. teul 
Contractor JOBe, G. rlake 
Sampler Georj_ ,.nu. 
Sampler's Title Ener. A.'t. 111 
Sampled From .;;S...;:;.t..;...oc_k...;;,o'o;,..;;l:;...;;1;..:;e _______ _ 
Produeer._~ _____________ _ 
Quantity Represented by Sample _____ _ 
Has been Used on ___________ _ 

Lab. No. LL PI SL LS 

pacific.tie Il MaX. 6 

7-71-610 21 1 

C 49-8-29. etc. 

Control Number SectlonNumber Job Number 

"ob.rt,., etc. SB 6 etc. 

County Federal Project No. lflghway No. 

17 4-8-71 
District No. I.P.E. No. ~eq. No. Date Sampled 

Specification Item No. 2103 
Material from Property of __________ _ 

Proposed for Use as ..JetACP __ '--_________ _ 

SR Class Soil wm.t: % Moist. Binder % Loss 

PERCENT RETAINED ON 

La.b No. 

Lab. No. 

1 7-71-610 

e'tad in Di T 
Iy 
On 

: Dean CII . 4-20-71 . 

Square Mesh Sieve 

Opening In Inches Sieve Numbers 

3 2~ I 1* 1 'A, ,. IJi " 4 10 20 '0 80 

SAMPLE IDENTIFICATION 

Identification Marks Locatlon-Propertles-Statlon Nu~bers 

17 .. 71-BMAC .. 45 Stockpile 

trict 17 Laborat ory 
ddock 

GraID Dlam. 

In JIllUmeters SpecUlc 
Gravity 

10.0 100 ,05 .005 .001 

Type of Materials 

rield Sad 



'I county Project _______ _ 

IHiQhWOy Cont. Section __ Job __ _ 

lItem No. ________________ _ 

AGGREGATE BLENDING TABULATION 
VOLUMETRIC DESIGN NUMBER 

~ -- - --- ---- I. 

SPECIFICATIONS 8LEND SIEVE SIZES- % PASSING a RETAI NED 
AND MATERIALS PARTS 7 z. -.;,j; ~~-4 4/0 [/I·/o} /0 -</:.:) :f~-,?/f) :?G' - 2 <"t 

I 
-2&>0 

SPEC! FICATIO NS 
TYPE :I2. 1 

&..llf-i'1 i 1? +4 LB 27,s /0, 7 UOO ) 0 0 0 0 
I . 

~ t ~q:fe 4-1D 0 85·9 f: ' . 1,& 0 a ·~1 ".~ Q2.t 
'.,I v , 

, ~ . 0 0 0 0 55.6 5".0 z,g i ·, c::"" , .,. .... Z-6 t= lE2..u -..) ~-tj w ~, 
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APPENDIX XV 

SKID TEST RESULTS - 1970 PROJECT 

Project Date of Range of Coef. Average Standard 
No. Lane Test Min. Max. Coef. Deviation 

1 NW Bound 4/28/71 .57 .67 .62 .03 
SH 6 Robertson SE Bound 4/28/71 .55 .66 .60 .03 

NW Bound 7/13/71 .51 .68 .61 .04 
SE Bound 7/13/71 .50 .71 .61 .06 

2 NW Bound 4/28/71 .63 .67 .65 .01 
SH 6 Brazos SE Bound 4/28/71 .58 .64 .61 .02 

NW Bound 7/13/71 .60 .64 .65 .01 
SE Bound 7/13/71 .61 .65 .65 .02 

3 S Bound 7/14/71 .57 .68 .63 
SH 36 Washington N Bound 7/14/71 .59 .67 .63 

4A S Bound 7/14/71 .61 .68 .65 
N Bound 7/14/71 .59 .70 .63 

4B E Bound 7/14/71 .65 .72 .68 .02 
W Bound 7/14/71 .62 .69 .65 .02 
E Bound 7/14/71 .55 .67 .62 .03 
W Bound 7/14/71 .55 .64 .59 .03 

," 
4C E Bound 7/14/71 .55 .68 .63 .03 

W Bound 7/14/71 .62 .68 .65 .02 
E Bound 7/14/71 .53 .62 .58 .02 
W Bound 7/14/71 .56 .63 .58 .02 

5 N Bound 4/28/71 .53 .66 .60 .04 
US 77 Milam S Bound 9/28/71 .60 .67 .64 .02 

N Bound 7/12/71 *.40 .67 .61 .05 
S Bound 7/12/71 .54 .69 .62 .03 

*This reading represents only one test and data is subject to question. All 
other coefficients in this series of tests are .58 or higher. 

NOTE: For testing Project 4 was divided into 3 sections: 

.. 4A - From Loop 283 N. of Brenham to US 290 W • of Brenham 
4B - From US 290 W. of Brenham to SH 36 S. of Brenham 
4C - From SH 36 S. of Brenham to FM 577 
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