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Abstract 

DESIGN AND CONSTRUCTION OF 
ASPHALTIC CONCRETE PAVEMENT 

USING VOLUMETRIC DESIGN 
SPECIFICATIONS 

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. One project has been completed and a contract has been 

awarded on the second project, but no work had begun at the time 

this report was prepared. Comments, observations, conclusions, and 

recommendations are based on the experience gained with these two 

projects. This report contains a description of the factors 

considered in preparation of the specifications, an analysis of 

bids received on the two projects, an evaluation of the use of the 

volumetric specification and a summary of skid testing of the 

completed pavements. Recommendations are also presented for 

future use of the volumetric design specification and polish 

test for aggregates. 
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Introduction 

DESIGN AND CONSTRUCTION OF 
ASPHALTIC CONCRETE PAVEMENT 

USING VOLUMETRIC DESIGN 
SPECIFICATIONS 

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. 
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This report covers two contracts for asphaltic concrete overlays 

in District Seventeen. These projects were authorized under the 

1969 State Highway Safety and Betterment Program and the 1970 State 

Highway Safety and Betterment Program. Within this report, these 

are identified as the 1969 Project and the 1970 Project. 

Both of these projects covered several individual sections of highway, 

each of which had a separate project identification. For purposes 

of reference, the 1969 Project and 1970 Project were identified as 

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

The work on the 1969 Project has been completed. Bids have been 

received on the 1970 Project and an award made to the low bidder; 

however, at the time of preparation of this report, actual 

construction work has not begun. For these projects, new 
I 

specifications were drafted. This was done in an attempt to 

achieve a goal of a pavement with good surface drainage 

characteristics and skid resistance, making maximum utilization 

of aggregates which are readily available. This report covers 

the preparation of plans and specifications for the two projects 

and experience gained during construction of the work included in 

the 1969 contract. Results of skid tests on completed pavements 

are also reported. 
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SPECIFICATION DEVELOPMENT (1969 PROJECT) 

Factors Considered 

The 1969 State Highway Safety and Betterment Program included funding 

for asphaltic concrete overlays on several highways in District 

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

specified with a maximum size aggregate of approximately ~". This 

aggregate size was selected with the intent of producing a pavement 

with good surface drainage characteristics, which would minimize 

problems of hydroplaning. Specifications in current use within the 

Texas Highway Department were reviewed to ascertain practices in 

other areas of the State. It was found that most specifications 

were written to allow the use of certain locally available materials 

or were written for the use of a single specified type 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. 

-4-

- ~--~--=----=----:::::...---~-- --~ ~- -~ -=--- --.. _-----_._-- --

" 



'. 
(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 of job records. 

(7) The time and effort required for job control testing 

should not be greatly increased over that required for 

current specifications. 

(8) The specification should be specific enough in regard 

to types of material required so the contractor would 

have sufficient information to prepare his bids with a 

reasonable degree of certainity. 
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(9) A specification for hot mix asphaltic concrete should be 

written in such a manner that compatible companion 

specifications could be prepared for alternate materials, 

hot mix cold laid asphaltic concrete and limestone rock 

asphalt pavement. 

Measurement and Payment 

In the initial consideration of a new hot mix asphaltic concrete 

specification, it became evident that measurement and payment based 

on volume of mix ~roduced would be an equitable method of measurement 

and payment. It had been noted on some projects in the past that the 

usual practice of setting paving rates based on units of pounds per 

square yard resulted in considerable variation from plan rates to 

secure the desired thickness of pavement. This is due to the fact 

that plan rates were based on an assumed unit weight of paving 

material which might be considerably different from the unit weight 

of material actually produced. The variations in unit weight are a 

direct result of variations in specific gravity of aggregates from 

different sources. Natural aggregates have varying specific 

gravities and it would be advisable to consider changes in methods 

of measurement and payment for these aggregates so that payment 

would be based upon volume of completed pavement produced regardless 

of the unit weight of the particular aggregates the contractor 

elected to use. When lightweight or synthetic aggregates are 

considered, the problems involved in measuring and paying for 

material by weight are greatly increased. 

-6-
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On projects where synthetic aggregates had been specified and 

payment was based upon weight, it was necessary to specify a 

minimum percentage of the total aggregate to be composed of 

synthetic aggregates. As a result, most synthetic aggregate 

specifications have limited application in that they have been 

tailored to fit specific material sources and have little meaning 

when the wide range of specific gravities of available materials 

are considered. Even when the specification is restricted to 

synthetic 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. 

Consideration was given to a measurement and payment specification 

whereby measurement would be based upon rodded unit weight of the 

combined aggregates sampled from the hot bins of the paving plant. 

Apparently, this method would be workable for hot mix or hot mix 

cold laid asphaltic concrete; however, it has no direct application 

to the limestone rock asphalt. 

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

that the method of measurement and payment should be based upon 

some method which could be applied equally to all three of these 

paving materials. 
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The method finally selected was in accordance with recommendations 

made by the Highway Design Division and Statewide Specification 

Committee. The basis of measurement was the unit weights of the 

laboratory specimens molded for density and stability tests. The 

advantage of this method is that no additional sampling and measuring 

procedures would be required other than those necessary to meet 

existing test requirements. The computation of pay quantities would 

be a fairly simple mathematical procedure using data from the usual 

plant 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 

V = 
W = 

G = a 

w 
62.4 (27)G a 

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

yards of compacted aggregate or the cubic yards of compacted 

asphaltic concrete mix as the asphalt is considered to only fill 

a portion of the air voids in the aggregate and does not add to the 

volume of the compacted mix until 100% is exceeded. As the intent 

of the specification is to produce a mix with less than 100% 

laboratory density, this formula is valid within the range of 

densities to be produced under the specification. The first 

impression 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 flG.II which 
a ' 

cancels the effect of asphalt weight and makes "V" a true 

expression of volume of compacted aggregate. 

Mix Proportioning 

After the method of measurement and payment had been determined, it 

was apparent that the body 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. 
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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 particles has no bearing on this 

evaluation. The basic purpose of specifying a range of gradation 

and asphalt content for a bituminous mixture is to establish limits 

which have been proved through experience to produce the desired end 

product. In previous asphaltic concrete specifications, these 

specification requirements have been on the basis of percentage by 

weight of the aggregate particles retained on specified sieve sizes 

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

in specifications in general usage are valid in that specific gravity 

of the various aggregate sizes may vary, but the variation in natural 

aggregates is not critical to the degree that a satisfactory mixture 

cannot be produced within the limits of master gradation. However, 

when synthetic aggregates having specific gravities which may be less 

than half those of natural aggregates are introduced into the mix, 

different criteria for proportioning of the aggregates must be 

developed. It is logical to establish these criteria on a volume 

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

this method, the desired texture and particle size distribution can 

be attained regardless of the specific gravities of the individual 

aggregate particles. 
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A volumetric design specification was prepared in accordance with 

the above considerations. It was assumed that the aggregate 

gradation as specified in Item 340 of the Standard Specifications 

and Special Provisions thereto, had been proved to be generally 

satisfactory for natural aggregates normally used in asphaltic 

concrete pavements throughout the State. The assumption was also 

made that these gradation requirements had been developed on the 

basis of approximately equal specific gravities for all aggregate 

particles in the mix and therefore, for natural aggregates of 

uniform specific gravity, also expressed a volume relationship of 

the various particle sizes. In the volumetric specification, the 

same limits of master gradation were used except that the 

proportions were expressed as a percentage of volume rather than 

weight. Fundamentally, this approach to the design specification 

is based upon the premise that if aggregate particles of a particular 

size were removed from a satisfactory mix and replaced by an equal 

volume of aggregate particles with similar shape, size and 

absorptive qualities, but with considerably higher or lower 

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

significantly altered. 

Aggregate Requirements 

Past experience and information available from suppliers indicated 

that in some areas, natural aggregates and synthetic aggregates 

could be supplied by the contractor for approximately equal costs 

per cubic yard. 
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In general, the cost at the source would be higher for the synthetic 

aggregates than natural aggregates; however, for projects located a 

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 cost as natural aggregates. The 

specification allowing the use of natural aggregates, synthetic 

aggregates or combinations of natural and synthetic materials 

appeared to make materials from many different sources economically 

competitive. 

Format 

The format of the volumetric design specification and the testing 

required for components of the mix and the completed mix were 

patterned after specifications in current usage. It was necessary 

to make minor changes in wording throughout the specification so 

that all requirements would be compatible with the volumetric method 

of design. 

Test Procedures 

Upon completion of the volumetric design specification, it was 

apparent that no established procedures had been developed for 

preliminary design and job control testing of the bituminous mix 

to be produced under this specification. The established method 

for design of bituminous mixtures is given in Construction Manual 

C-14. The methods outlined in this manual were not directly 

applicable to a volumetric design; however, the format of Manual 

C-14 was followed to prepare a design procedure for the volumetric 

design specification. This procedure included the determination 
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of bulk specific gravity of synthetic aggregates in accordance with 

a test method developed by J. S. Bryant and described in the 

Thesis entitled, "Determination of the Moisture Absorption 

Characteristics of Lightweight Concrete Aggregates". Prior to 

making trial laboratory mixes and subjecting specimens to density 

and stability tests, it is necessary to make a sieve analysis of 

aggregates proposed for use, assume proportions of the various 

materials to be blended, and check the resulting blended materials 

against specification requirements. Manual C-14 describes methods 

whereby this analysis can be done through calculation,and physical 

blending of the materials is not necessary until a proportioning 

meeting specification requirements has been determined. A similar 

procedure for the volumetric design was needed, and methods 

suggested by Bob M. Gallaway and E. R. Hargett as a result of their 

research for the Texas Transportation Institute were incorporated 

in the design procedure. This provided a simple, straightforward 

procedure whereby proportioning of the various materials could be 

selected for the purpose of making laboratory trial mixes. The 

procedure included instructions and examples for converting 

volume measurements to weight measurements to facilitate the 

proportioning and blending of the materials. 

The new specification included requirements for aggregate 

proportioning based upon volume of individual particle sizes. 

However, no test procedure had been established for use as a 

job control test to insure specification compliance. To meet 
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this need, a test method "Volumetric Sieve Analysis of Fine and 

Coarse Aggregates"was prepared. This test procedure provides 

for the measurement of volume of aggregate particles by sub

merging them in a liquid and measuring the volume of liquid 

displaced. The liquid specified for use is one of the types of 

solvent used in asphalt laboratories for the extraction test. 

The type of liquid is not critical except that a liquid with 

good wetting properties is needed so that the fine aggregate 

particles do not tend to float on the liquid. 

Some modification was needed in test method Tex-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 aggre~ate. The plans provided that all 

coarse aggregate would have a polish value of not less than 29 

when subjected to the Accelerated Polish Test. 

The specification was interpreted to mean that aggregate from each 

source proposed for use would be tested individually an~ if the 
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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 com

pleted pavement immediately after construction and at intervals to 

determine changes in frictional factors of the pavement under traffic. 

The construction plans included ten individual projects to be covered by 

a single contract. 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 I. For convenience in keeping of project records, 

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

REF. 
PROJ. 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 

HWY 

FM 2818 
FM 975 
SH 90 

US 190 
US 190 
FM 1786 
FM 46 
SH 14 
SH 14 
SH 36 

FIGURE I 

LIMITS 

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



The specifications 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. 

TABLE I 
1 2 3 

Quantity Items Young Bros. Ashland Gaylord 

32. Hr Roll (Flat Wheel) $ 6.00 $10.00 $10.00 
80. Hr Roll (Lt Pneum Tire) $ 6.00 $10.00 $10.00 

566. CY Aggr Ty A Gr 4 Mod $10.00 $ 9.00 $10.00 
95l. CY Aggr Ty D Gr 4 Mod $10.00 $11.50 $12.00 

50,088. Gal Asph AC 10 $ .20 $ .20 $ .22 
10,472. CY Aggr Ty D $22.50 $23.00 $25.15 
1,047.2 Ton Asphalt (AC) $22.50 $27.00 $27.00 

13,938. Gal Tack Coat $ .15 $ .15 $ .20 

BIDDER TOTAL BID 

1 YOUNG BROTHERS INCORPORATED, CONTRACTORS $287, l32. 30 

2 ASHLAND OIL AND REFINING COMPANY $298,389.20 

3 GAYLORD CONSTRUCTION COMPANY $323,644.16 
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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. 

Discussion with bidders and material suppliers indicated there were 

several factors which influenced the contractors' bids resulting in 

unit prices considerably higher than usual asphaltic concrete projects. 

These factors are~ 

(1) Material suppliers were not sure of the expense which 

would be involved in supplying aggregates meeting the 

new polish test requiremen~ and there was a question 

as to whether some sources of aggregate would meet 

the test. 

(2) The contract covered small individual projects in 

several locations in District Seventeen,and the 

contractors had to consider, in their bids, a 

relatively high moving cost from project to project. 

(3) The work would be started late in the asphalt season, 

and it could be anticipated that delays would be 

experienced due to unfavorable weather conditions. 

(4) The contractors were totally unfamiliar with a 

volumetric specification and had 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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II 

(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 II. 
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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 CIL 

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 CIL to Cameron 

FIGURE II 



Bid Analysis 

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

were received with the low bidder being Jones G. Finke, Inc., of 

Sealy, Texas. The second bidder was extremely close to the low 

bidder. A tab~lation of bids received is shown in Table II. 
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TABLE II 

1 2 
Quantity Items Finke Allan 

13. Hr Roll Flat Wheel (2lO) 9.00 9.00 
2l. Hr Roll Lt Pneum Tire(213) 9.00 9.00 

1,013 . CY Aggr Ty D Gr 4 Mod (316) 9.00 8.50 
31,898. Gal Asph AC 10 RC-5 or EA-HVRS .24 .20 

o;c46,127. CY Aggr Ty D (2103) 13.20 12.37 
'k 5,230.5 Ton Asphalt AC (2103) 20.08 26.00 
7(55,285. Gal Tack Coat (2103) .00001 .175 

ALTERNATE 1A 

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

ALTERNATE 1B 

46,127. CY HM CL ACP (Ty DD)(2104) NO BIDS ON 
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 

---------------- -- _._----------

3 4 5 6 7 
Jarbet Freeland Gaylord Robertson Young 

12.50 8.25 8.00 10.00 7.00 
12.50 8.25 8.00 8.00 7.00 
10.00 10.52 9-.60 12.00 8.00 

.20 .30 .19 .21 .20 
NB NB 15.75 17.20 18.30 
NB NB 26.55 26.50 35.00 
NB NB .01 .15 .10 

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

ALT. 1B 

TOTAL BID 

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

$1,047 ,44l. 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, 

relievea the contractor from furnishing aggregates which 

would meet the specification requirements and blending 

them in proportions which would meet all other test 

requirements. 

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

project compare favorably with prices received for similar work under 

the standard asphaltic concrete specifications based upon tonnage 

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

the polish value test for coarse aggregate did not contribute 

significantly to increased bid prices on this contract. The low 

bidder advised that he planned to furnish uncrushed siliceous 

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

furnish synthetic coarse aggregate from Texas Industries, Clodine 

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

with local fine aggregates and field sand to produce the required 

gradation. All preliminary tests performed on the synthetic 

aggregate proposed for use have indicated that it has a polish 

value in the mid forty range which is highly desirable. 
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One other factor noted in the bids received was that two of the 

bidders elected to bid the alternate for limestone rock asphalt. 

The specification requirements for this material were no more 

stringent than the usual specification for the rock asphalt 

alternate and the preliminary tests indicate that the rock 

asphalt easily meets the polish test requirements. Therefore, 

it can be concluded that th'e volumetric design for hot mix 

asphaltic concrete is economically competitive with the alternate 

paving materials. 

The specifications for the 1970 project included: 

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

Special Provision 026 to Item 330 

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

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

The documents are included in this report as Appendix VII through 

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

Plant Location 

Hot Mix Asphaltic Concrete for the 1969 project was produced 

from three different plants. These were permanent or semi

permanent plants and no plant was set up specifically for this 

project. The plant locations were at Feld, near Georgetown; 

at Waco; and at Texas A & M University Research Annex, near 

Bryan. In general, the contractor produced material for the 

individual sections of highway from the plant which would result 

in a minimum amount of material haul expense; however, in a few 

instances, in order to coordinate with other work, material was 

produced from a plant other than the one nearest a particular 

project. 

Construction Seguence 

Construction of the asphaltic concrete pavement was started on 

October 14, 1969, and was completed on May 5, 1970. Progress 

was very slow on this contract and numerous delays were 

experienced due to unfavorable weather. The contractor's 

operations were also hampered by a shortage of personnel and 

equipment. Mechanical failures at the mixing plant also 

contributed to the slow rate of progress. At no time during 

the construction period did the contractor achieve a rate of 

production approaching the rated capacity of the plant. 
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The record of production of asphaltic concrete is shown in 

Figure III. This table shows the plant used, the individual 

project where pavement was laid, and the quantity of material 

produced for each day's operation. The average production was 

185 cubic yards per day, but on ten days, the total production 

was less than 100 cubic yards. The low rate of production and 

the start-and-stop operation at the plant created problems in 

job control -and 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. 

-28-



I 
N 

'" I 

OCT. 1969 

NOV. 1969 

DEC. 1969 

MAR. 1970 

APR. 1970 

MAY 1970 

I 
l% 

r<"l 
r-
r<"l 

3 

en 
10 

l% 1;-; 
r<"l U) 
N 
C\I C\I 

3 :3 

co r-
co r<"l 

r<"l 

~-7th 9 9 

10 U) - C\I 
ltl en en 0 
N - - -

:3 

en 
co 
N 

:3 10 10 

v r<"l N 

~ 10 en 
r<"l 

4 l% 
ltl V 
10 N 

DAY OF MONTH 

6 6 6 6 6 

N co 10 
N en co en en 

N .. 
IX 8 10 

o U) U) 
en en 0 
C\I -,'>- «<> 

1== 
1== 

1== 
1== 

:3 3 

0 C\I r- C\I 

F== r= 
1== F= f--

I 1 

10 
iO I 0 -

10 10 10 10 

co r- IO ltl 
10 en r-
C\I N 

Figure ill 

6 6 6 

r- IO 
co v V 
N r<"l C\I 

I 
1% 

(\j 
r<"l 

1 I I I 

0 10 N 10 
r<"l V 0 V 
N r<"l C\I 

10 10 10 10 

r- en en r-
N 10 co ltl 

C\I 

f:= 
~ 
~ 

I :3 

V r<"l 

- r<"l - N 

5 5 l% l% 
0 10 
co r<"l 10 i': r<"l C\I 

~ 
1= 

:3 

;;:: -

1 

I 

i 

I 
~ 

~ 

G 
00 

LEGEND 

FELD PLANT 

WACO PLANT 

ASM ANNEX PLANT 

REFERENCE NO. OF 
PROJECT OVERLAID 

C. Y. PRODUCTION 
FOR DAY 

RECORD OF ASPHALTIC 
CONCRETE PRODUCTION 



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 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. 
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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 

within District Seventeen where a crushed aggregate was required 

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

appears that the materials which meet the minimum polish 

requirement of 29 are questionable in relation to their polish 

characteristics under traffic, and that possibly the value of 29 

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

aggregate. 

Job Control Testing 

This contract was under the supervision of the Brazos-Burleson 

County Residency. Personnel from this office performed plant 

and road inspection. They were assisted in plant inspection 

by personnel from the District Seventeen Laboratory. 

Preliminary designs were made by the District Laboratory. These 

reports are included as Appendix XII. Job control, 
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testing was performed in accordance with procedures outlined 

in the specifications. Also, job control sieve analysis at the 

plant was performed in a manner prescribed by Construction Manual 

C-14 to provide a correlation between the two test methods. 

During the construction period, plant control by the volumetric 

specification was evaluated. It was found that the test procedures 

under this specification did not materially increase the work load 

for plant 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 

specification as under the procedures as specified in Construction 

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

required was that the same number of technicians were assigned to 

plant inspection as was the usual practice for projects under 

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

specified by the volumetric specification and also perform check 

tests in accordance with Manual C-14. 

As all aggregates used in this project were natural aggregates, 

it was assumed that there should be a correlation between the 

sieve analysis by weight and the sieve analysis by volume. 

However, this did not prove to be the case. It was noted that 

the percentage by volume and percentage by weight of a particular 

size of aggregate might vary as much as 5%; however, further 

analysis of the test results indicated that this variation should 
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be expected as there was a difference in specific gravities of 

the various sized particles in the aggregate and that this 

variation was great enough to result in the apparent discrepancy 

between sieve analysis by volume and by weight. The experience in 

job control testing on this project indicated that the prescribed 

methods of testing were sufficiently accurate to furnish a true 

representation of the gradation of the aggregate based upon 

volume. 

The test procedures could be performed within a reasonable period 

of time and technicians familiar with asphalt laboratory work had 

no difficulty in performing the new test procedures. 

In connection with this project, short test sections of pavements 

were constructed on FM 2818 utilizing synthetic aggregates. This 

work was done in cooperation with Texas Transportation Institute 

and Texas A & M University. The information relative to these 

test sections is contained in a paper by Jerry G. Rose entitled, 

"Design, Construction, and Analysis of Lightweight ~ggregate 

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

and these sections are not included within the scope of this 

report. 
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SKID TESTING OF 1969 PROJECT 

Test Results 

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

made with the Texas Highway Department skid trailer. The tests 

were repeated .at intervals with the most recent tests being made 

in October, 1970. The results of the October tests are shown in 

Appendix XIII. Some tests were made on the synthetic aggregate 

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

The coefficients of friction obtained by skid tests on the pavements 

constructed in the 1969 overlay project are generally within the 

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

of roadway had friction coefficients above .60 immediately after 

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

considerable variation in coefficients friction between sites and 

between sections of pavement constructed on different dates. A 

portion of this variation can be attributed to changes in aggregate 

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

between some sections of pavement. Based upon experience on other 

projects, it was assumed that the pavements with crushed limestone 

coarse aggregates would have a higher frictional coefficient than 

pavements constructed with crushed gravel aggregates. This did 

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

were obtained on pavements with the crushed limestone coarse 

aggregate, other sections where this same aggregate was used 

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

friction were: 

(1) Aggregate gradation 

(2) Asphalt content 

(3) 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 

variables in materials and construction operations may have 

influenced the coefficient of friction of the completed surface. 

This evaluation did not reveal any single variable to which the 

variation in friction factor could be attributed. No direct 

relationship between friction factor and the variables 

considered could be found. It is highly probable that the 

interaction of these variables did contribute directly to the 

variations in skid resistance, but insufficient data is available 

to indicate the extent to which each variable affected the completed 

pavement. 
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Skid tests made on a newly constructed pavement measure the 

coefficients of friction of the surface which consists of a 

matrix of fine aggregate and asphalt. The size and shape of the 

fine 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 ~s in direct contact with the tire of the skid 

trailer. As the matrix of fine aggregate and asphalt is worn 

away from the surface due to traffic and weathering, and as more 

of the coarse aggregate is exposed, the characteristics of the 

coarse aggregate begin to affect the coefficients of friction. 

Most of the sections of roadway for which skid tests have been 

made have only moderate traffic volumes and the characteristics 

of the coarse aggregate particles have had only a limited influence 

on the friction values obtained during the period of testing. Curves 

have been plotted as shown in Appendix XIV correlating change in 

coefficient of friction and traffic applications. For most projects, 

there has been little significant change in friction values over 

the period in which tests have been made. However, it is noticed 

that from project No. 10 - SH 36 - Washington County, the skid 

tests made in October, 1970, indicated a considerable reduction in 

coefficient of friction from earlier tests. This would possibly 

indicate that the fine aggregate and asphalt matrix is being worn 

away from the surface due to the action of traffic and weather and 

that the skid tests are beginning to indicate a coefficient of 

friction for the coarse aggregate particles. 
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One section of pavement constructed under this contract is worthy 

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

in Bremond - from Station 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 ~f 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 1aydown 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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CONCLUSIONS 

Several conclusions may be drawn from the experiences on the two 

projects covered in this report. 

(1) The volumetric specification for asphaltic concrete 

pavement is a workable approach to design of asphaltic 

concrete pavements. 

(2) The test procedure developed for design and job 

control testing of bituminous mixes by the 

volumetric method is subject to refinement, but 

is usable and accomplishes an adequate degree of 

control with a reasonable expenditure of 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 

constru~tion 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 

judgement to produce the best possible end result 

within the specifications. 
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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 

Goncrete 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. 
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APPENDIX 1. 

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



TE~\S HIGHWAY DEPART~ffiNT 

SPECIAL SPECIFICATION 

Har MIX ASPHALTIC CONCRETE PAVEMENT 
(Volumetric Design) 

1. DescriP.!i..on. ThJs 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 prep~red floor slab, as herein specified and in accordance 
with the detai ls shovm on the plans. 

2. Naterials. 

(1) Mineral A[;gr~J0te. The mineral aggregate shall be composed of a 
coarse aggregate, a fine aggregate, and if required, a mineral filler. 
Samples of coarse aggregate, fine eggregate, and mineral filler shall be sub
mitted in accordance with the methods prescribed in Item 6 of the Standard 
Specifications, and approval of both the material and the source of supply 
must be obtained from the Engineer prior to delivery. 

The cOlubined mineral aggregate, after final processing by the mixing plant 
and prior to ~ddition 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~gregate. 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 aggreiaie (produced from burning coal), crushed limestone rock asphalt, 
synthetic aggregate' (herein defined as aggregate produced by fusing raw shale 
or clay in a rotary kiln under intense heat into predominately amorphor silicate), 
or combinations thereof, as hereinafter specified, and of uniform quality throughout. 

For all coarse aggregate, the amount of organic matter, c1ah loam, or particles 
coated therewith, or other undesirable materials shown in the plans, when tested 
in accordance wHh Test Hethod Tex-217-F (Part I, Separation of Deleterious 
Material) shall not exceed 2 perc~nt. 

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-Thm-1 Loss" shall not exceed 15 percent when tested in accordance with 
Test Hcthod Tex-L~32-A, Tentative. This requirement may be waived when, in the 
judgment of the Engineer, the asphaltic concrete will not become exposed to 
freezing and thmving. The "Pressure Slaking Value" shall not exceed 6 percent 
when test.ed in accordance with Test Method Tex-431-A, Tentative. . 
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When it is specified that the coarse aggregate be sampled during 
delivery to the plant, from the stockpile, or from the cold bins, the 
material removed ~len tested in accordance with Test Method Tex-2l7-F 
(Part II, Decantation) shall not exceed 2 percent. 

The plasticity index of that part of the fine aggregate 
contained in the coarse aggregate passing the No. 40 
sieve shall not be more than 6 when tested by Test 
Hethod Tex-106-E. Hm-lever, where the coarse aggregClte 
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-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 i~ is specified .. that the coarse aggregate be sampled from thE:' Lot 
bins and tested in. accordance with Test Hethod Tex-2l7-F (Part II, 
Decantation), the amount of material removed shall not exceed 1 pen:cnt. 
Where the fine aggregate in the coarse aggregate is the same or sind.lar 
material as the coarse aggregate, the P. I. requirement for thnt p;·:rt of 
the fine aggregate in the coarse aggregate passing the No. 40 sieve mny 
be waived by the Engineer in writing. 

The point of sampling for Test Nethod Tex-217-F (Part I and Part IT) 
will be as shmm on the plans. 

Tests performed as specified herein shall represent material processed 
or placed until a subsequent test is performed. 
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The coarse aggregate shal l have an abrasion of not more than 40 perc811t 
loss by 'Height, unless othen "ise shmm on plans) ,,,hen subjec t e d t o the.: 
Los Angeles Abrasion Test, Test Method Tex-,410-A, except for Type "1"" 
(Non-skid Surface Course) and Type "K" (Differential Wear Surface Course). 

The coarse aggre gnt e for Type "F" shall have an abras ion of not more 
than 3S percent los s by \"eJ.r;ht ,,,hen subjected to the Los Angeles Abrrlsj,on 
Test. If gravel is used for Type "1"", it shall be so crushed that 90 
percent of t he par ticles re t ained on the No. l~ sieve shall have more tl1.111 
one crushed face, when tested in accordanc e with Test Me thod Tex-413-A (Particl e 
Count). . . 
The coarse aggregat e for Type "K" shall be composed of t,·;ro se parate 
materials. One shall have an abras ion of not more than 30 percent alld 
the other shall have an abrasion of not less than 30 percent and not 
more than L~ O pe r cent when sub j ec t ed to the Los Angeles Abrasion Test . 
Also, the abrasion of the two different materials shall differ by at 
l east 10percent. The aggregates shall be combined i n such a manner tllnt 
the total coarse aggregate inc luding any coarse aggregate contained jn t he 
fine aggre ga te stockpile shal l be a mixture of material , 4S to S5 percent 
(based on volume) of ,,,hich '''ill h ave a Lo s Angeles Abrasion lo ss o[ 110t 

more than 30 percent , and the remainder will have a Los Ange les AbrRsion 
loss of not less than 30 percent and not more than 40 percent . If grRvel 
is used for Type "K", it shal l be so crus hed that 90 percent of th~ p2r 
tic1es retained on the No .4 sieve shall have more than one crushed f nce . 

The requirement for the Los Angeles Abras i.on Test shall be waived [or sl ng 
aggregate produced from burning coal. 

. " 

Where coarse aggregates are' supplied f rom t1-lO or more sources: agsref,ale 
from each source shall be tested for compliance with Los Angeles Abra s ion 
requirements prior to being combined \"ith other aggregates. 

(b) Fine Ag?,regat~. The fine aggregate shall be that part of 
the aggregate passing the No . 10 sieve and sha ll consist of sand or 
screenings or a combination of sand and s c reenings . 

Sand shall be compos ed of durabl e stone particles free from injur ious 
foreign matter. Screenings shall be of the same or similar material ns 
specified for coarse aggre gate. The plasticity index of that part of 
the fine aggregate passing the No. lfO sieve shal l be not more than G 
when test ed by Test Hethod Tex-106-E. Fine aggr egate from each source 
shall meet the P.I. requirement. 
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Where stone scre~nings are specified for use, the stone screenings shall 
meet the following grading requirements, unless otherwise' shown on plans: 

Passing the 3/811 sieve .•••••••• " ••• 
Passing the No. 200 sieve •••.•••••• 

100% by weight 
2 - 30% by weight 

When authorized by the Engineer, stone screenings containing particles 
larger than 3/811 may be used, but only that portion of the material 
passing the 3/811 sieve shall be considered as fulfilling the requirements 
for screenings when a minimum percentage of stone screenings is specified 
for a particular mixture. 

m1ere 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. 

Wh~n tested by Test Method Tex-200-F (Part I, Dry Sieve Analysis) it shall 
meet.the following grading requirements, unless otherwise sho\~ on plans: 

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

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

(b) Tack Coat. The asphaltic material for tack coat shall meet 
the requirements for emulsified asphalt EA-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 Dlaterial as specified for the type 6f paving mixture with 
30 to 50 percent by volume of gasoline and/or kerosene . If RC-2 cut-back 
asphalt is used, it may upon instructions from the Engineer be diluted by 
the addition of an approved grade of gasoline and/or kerosene, not to 
exceed 15 percent by volume. Asphaltic materials shall meet the require
ments of the Item, "Asphalts, Oils and Emulsions. 1I 
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3. Paving ltixtures. 

(1) ~~. 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 gradin~ given below 
for the type specified. 
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, , 
Type "A" (Coarse Graded Base Course), Percent 

By Absolute VolufTte 

Passing 2" sieve ......................................... . , .• e' ; 

Passing 1-3/411 sieve ••••• .: .•.•••••••••••••.•.•••• 
Passing 1-3/4" sieve, retained on 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 
15 to !~O 

15 to 40 
10 to 25 

5 to 20 
65 to 80 
o to 20 
3 to 15 
2 to 15 
·0 to 6 

The asphaltic material shall form from 7 to 14 percellt of 
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 50 
10 to 40 

5 to 25 
55 to 70 
o to 30 
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 Volwne) 

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 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) 
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Type liD" (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. 4 sieve, ret~ined on No. 10 sieve " ...... .- 10 to 30 

Total ~etai.ncd on No. 10 sieve ....... ................................... 50 to 70 

Passing No. 10 sieve, retained on No. 40 sieve .. ., ...... a to 30 

Passing No. 40 sieve, retained on No. 80 sieve .. ........ 4 to 25 

Passing No. 80 sieve, retained on No. 200 sieve .. ...... . . 3 to 25 

Passing No. 200 sieve .. ....................................................... a 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 .. ............................................. w ............ 100 

Passing No. L~ sieve, retained on No. 10 sieve .. .......... a to 5 

Passing No. 10 sieve, retained on No. 4·0 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. (AbsolutC' Volume:) 

Type '.'E~.' 1'Iod_ •.. (Sheet Asphalt Surface Course) : 

Coarse aggregates for Type "E" Hod. sh.:3ll he cHlshcu 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 I1E" Hod. (Sheet Asphalt Surface Course) shall 
be as fo1lows'unless otherwise shown on plans: 

'men Slag Aggr. 
is Used 

% by AL>.:~ol. Vol. 

Passing 1/211 Sieve ..••.•..•.••.• .-•.• 
Passing 3/811 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 
Haterial is Used 
% by Absol. Vol. 

100 
95-100 

15- 50 

10- 30 
50- 70 

5- 30 
2- 10 

The asphaltic TIlQtcrial shall fornl froIn 1'2 
by volume. (Absolute Volume) 

to 22 percent of the mixture 
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'Type "F" (Non-skid Surfftce Cour sc): 

Passing 
Passlllg 
Passing 
Passing 
Passing 
Passing 
Passing 

3/811 sieve •••..••••..••••••••••••.•••••• ~ 
l/le" S1.' eve to .................................................. .. 

l/lfll sieve. retninec1 on No. 10 sieve ••..• 
No. 10 sieve, retained on No. 40 sieve ••• 
No. 40 sieve, retained on No. 80 sieve .•• 
No. 80 sieve, retained on No. 200 sieve' •• 
No. 200 sieve ................ t ... !If' ........................ " 

.Percent by 
' ~bsol, Vol. 

95 to 
55 to 
o to 
3 to 
2 to 
o to 

100 
100 

70 
25 
12 
10 

6 

The asphaltic nwteria1 shall form from 8 to 15 percent of 
the mixture by volume. (Absolute Volume) 

Type "Kif (Dif;fcrential Hear Surface Course): 

Passillg 1/211 Sl.CVC ............................................................ .. 
passing 3/8 11 sieve ........................................................... .. 
Passing 3/811 sieve. retnim~ d on No. If sieve •.•••• 
Passing No.4 sieve. retained on No. 10 sieve .••• 
Total retained on No. 10 sleve •.••••••.•.••.••••• 
Passing No. 10 sievc, retained on No. 40 sieve •.• 
Passing No. 40 sieve, retained on No. 80 sieve ••• 
Passing No. 80 sieve, retained on No. 200 sieve •• 
Passlng No. 200 sieve •••.•••.••••••••••••••.••••• 

100 
95 
20 to 
10 to 
50 to 

to 100 
50 
30 
70 
30 
25 
25 

o to 
4 to 
3 to 
o to 6 

The asph~ltic materlal sh~ll form from 9 to 19 percent of 
the ~nixture by vo]_ume. (AbsJlute Volume) 

Type "NIl (RequirelJ1ents as shoun on Plans): 

The specification requirements \>1111 be sh.own on the plans for 
the follO\'1ing: 

Type of aggregate 
Los Allgeles Wear for coarse aggregate 
Master grading and range of asphalt content. 
Density 
Stability 
Number of hot bi~s and gradation of aggregates i.n each bin .. 

Master gradings for the types of mixtures listed ahove are based on the 
absolute volume of the aggregate pm:tlcJ es vithin the vadous sieve sizes 
and ab.solute volume ,0£ the asph;'llt at 77 0 F. . 

The ~gineer will make laboratory ~ix designs from samples of materials 
prop03ed for us~ bv ~he Con~ractor., 1fu designs will be made following 
procedures outllned In "Deslf,n of RJ turninous '·fixtures (Volumetric Design)" 
(Attached). After an acceptable mixture meeting vol~~etric era ding 
requirements is determined, the EnPineer will ft~nish the Contractor with 
proportions of each material to be used based on weight. 

(2) Tolerances. 
si?c of a~gregRte and 
mixture vT1thill master 

The Engineer shall design~te the weight of each 
,',ei~ht of ;'lsphal t which will produce an acceptable 
volumetric grading requirements. 

The paving m5.xture produced shall not vary from tho designated grading 
and aS~lalt content by more than the tolerances nllowed herein and shall 
relllain Hi.thin tile lillli.tat:!.olls of the wIster grad:f.ne spC'cifjec1. The 
respective tolerances, based on the percent hy vo1.um~ of the m:!.xture, 
arc listed as follows: 
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Percent by 
Absol. Vol. 

}')a8 f;:j. ilg 1-3/1+" sJcve, retai.nerl all 7/8" s:I.eve . " ......... " .. plus or lninu s 
P::tssJ ~'g 7 / ,01' ,0 sieve, retained all 3/8" sieve ....... " ........... ..- plus or minus 
Pass:t~!~: 5/811 sieve, retained on 3/8" sieve ...................... plus or mi nu f; 
Passing 3/8" s:Leve, retained on No. 4 sieve ..................... plus or minus 
ras~; iq; l/!," s i <-~ ve , retained on No. 10 sieve .......... " " ...... plus or mjnu.,> 

I'RSf,:\.}:.g No, 'L~ sieve , retained on No. 10 sieve .................. plus or lIlinu:; 

Tot,d. n.:tc:d.ncd on No. 10 sieve " .......... " " ..... " ........ " ............ " plus or minus 
IJass:i.ll~ Eo. 10 sJeve, retalncd on No. l}O sieve .. " .. " .. " .. If" plus or lldnu ~> 
rassl~'r; No. !~O c:i.eve, retained on No. 80 sieve ........ " ...... plus or m:Lnu s 
ras~;~:_ng No. 80 sieve, retained on No. 200 sieve ............ " plus or minus 
ra~f3:r,llg No. 200 steve .. " .. " .................................. " .... " .. " ...... " .... plus or minus 
AspL~lt N~(ted.al .......................... " ................................ plus or nliuus 

Tbe t yj.;c e'..nU Dlllount of the m5.xture used shall be as specified on tbe 
pl ans . 

SIH-'le Icl tLC' pClv:i.nr; mixture produced vary from' the designated ~r<lcling and 
aSl'llnj t ('('1d~(;nt by more thall the above tolerances, proper chan Ges are to 
be !'l:;clc li):til it i s within these tolerances. 

(3) ~raction Te~~. Samples of the mixture when tested in accordance 
with Test 14ethod Tex-2l0-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) 5.:- .. , 'di Tw ... aD .. <:1 Testj __ n.,g. It is the intent of this sped.fication to 
produce E. ;:d.xture lillicb \'1hen designed and tested in accordance '<lith these 
spl'ci .i. ie . t· io;:s-and methods outl ined in ASTH D- 204l-64T will bave the 
followinL ]~horat6ry density and stability: 

Density, Percent 
Min. Max. Optimum 

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

'l'ypc E lvJod. 92 98 ·95 

Stability, Percpnt 

Not less them 30 
unless otherwise 
shmvn on plans. 

.. Not le ss than 30 
unless otherwise 
SbO\\711 on plans. 

St 21)) 1 ity <mel oCl'sity tests are control tests. If the IClboralory staLili ty 
and/ OJ: d~:)l~.;j.ty of tIle mixture produc ed has a value lO\';er th<1n that spcci
ft ed , <1'.1': j;l the op:!.nion of the Engineer 1.S not due to Ch.:111r.:,o. in SOlll'C(' 01' 

qu .... 'jj.t:y 0.:: It"JtCl:i. Als, P'cotiuction may proceed, and the Tllh~ f.h;t] 1 be Cl1['i1~(, cl 

uJ)ti~. the labore'Lory stab:Uity and density equals or exco.ec1s the slkc:i.ficd 
v.::lh:·:::,;. 1£ 1:11(:1'0 is, in the opini.on of the Engineer, aLl app.:,u·nt cl''-lTl;:;c 
in c~ily Dl[;l:·.c)::I;,l frum tl18t u;.cd in the design mixtures, pl'oc1l1 ct·i.oa \,'UJ 11 c 
di~,cctnUnuc·d until .1 neH design mi):t1..lre j_s dctenllned by tri[!l llli>:C::-,. 
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(1) If:lv"'J.J1z.Y--L1T1_t.I!. Nixing plant s that ... 7ill not continuously produce 
a mixture meeting all of the requirement s of t his specification will be 
condecned . 

Hix:ln3 plc.nt.s may be either the Heigh t-bat ch ing type or t~e continuous 
mixinB type . Both types of plants shall be equ i pped with satisfactory 
COllv,"yors, pOl,Ter units, ag~regate hand linr; equipment, hot aggregate screens 
and bins and dust collectors. and shal l cons ist of the following essential 
pieces of equipment. 

Gold Aggrcg.Dte Bin and Proportioning Device. The aggregate 
bin sho.ll have at least four compar.tments of sufficient size to store the 
amount of a[;,gregat(' required to ke("p t he plant in continuous opE'!ration 
and of propC!r desigu to prevent overflov of mat erial of one bin to that 
of another bin. The proportioning device shall be such as will provide 
a uniform c:md contilluous flo\·7 of aggregat e in t he desired proportion to 
the dryer . Each <ltgrcr;ate shall be proportioned in a separate compartment. 

Dr;:t·~. The dryer shall be of the t ype that continually 
ar;:l.tiltes the aggregate during heating .::nd i n which the temperature can be 
so controlled that aggregate will not be injured in the necessary drying 
and heating operations required to obtain a mi xture of the specified 
temperature. The burner, or combin.::tion 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 aggre[;flte. A recording thermometer shall be provided which 
will record the temperature of the aggregate ,,7hen i t leaves the dryer. 
The dryer shall be of sufficient size t o keep t he plant in continuous 
operation. 

Screeninr; and Proportioni.ng . The screening capacity and 
size of the bins shall -be sufficient t o screen and store the amount of 
aggregate required to properly operate the plan t and keep the plant in 
continuous operation at full capacity. Provis i ons shall be made to en
able inspection forces to have easy and safe access to the proper location 
on the mixing plant "'7here representative s<Jmples may be taken from the hot 
bins for testing. The aggregate shall DC ~2rarated into at least four bins 
,,7hen producing Type "A", Type "B", and Type " Gil mixtm:esj at le<Jst three 
v:!.ns 1-1hen produc:l.n(; 'l'ypc "D" and Type "Kif "1.iX:. i res; and <Jt least tl-lC bins 
when producing Type "E", Type "gil Nod ., and Type "F" mixtures. If mineral 
filler is needed, an additional bin shall be provided. These bins shall 
contain the folIm·ling sizes of aggregates \Vhich shall be based on "Percent 
by Volume" \"I11e11 synthetic aggregate is used and "Percent by Height" when other 
aggregates are used: 
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Type HAil (Coarse Graded Base Course): 

Din No. I --- will contain aggregates of which 85 to 100 
percent by weight will pass the No. 10 siev~. 

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

Bin No. 3 --- \vEl contain aggregates of \vhich at least 75 
percent by weisht will be of such size as to 
pass the 7/8-inch sieve and be retained on the 
3/8-il1ch sieve. 

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

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

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

Bin No. 2 --- will contain aggregates of 'vhich at least 70 
percent by weight will be of such size as to 
pass the 1/411 sieve and be retained on the 
No. 10 sieve. 

Bin No.3 will contain aggregates of which at ]C'ist 75 
percent by weight will be of such sizo as to 
pass the 3/8-inch sieve and be retain~d on the 
1/4" sieve. 

Bin No. 4 --- \vi11 contain aggregates of which at lC.:lst 75 
percent by weight will be of such si~e 2S to 
pass the I inch sieve and be retained on the 
3/8-inch sieve. 
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Type llC ll (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 will contain aggregates of which at least 70 
percent by weight will be of such size as to 
pass the 1/4" sieve and be retained on the 
No. 10 sieve. 

Bin No. 3 --- will contain aggregates of which at least 75 
percent by weight will be of such size as to 
pass the 3/811 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 llD" (Fine Graded Surface Course) and 
Type "Kll (Differential \-lear Surface Course): 

Bin No. 1 --- will contain aggregates of which 85 to 100 
percent by weight \.,rill 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 l/Lfll 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 
1/411 sieve. 

Type llE" (Sheet Asphalt Surface Course): 

Bin No. 1 --- will contain aggregates of \.,rhich 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 1/411 sieve and be retained on the 
No. 10 sieve. 
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Type "F" (Non- skid Sur fac e Course )l 

Bin No. 1 --- ,,1111 con t ain aggregates of '1hi ch 85 t o 100 
percen t by we i ght will pass the No. 10 sieve. 

Bin No. 2 --- will contain aggregates of '~lich at l east 75 
per cent by we i ght wil l be of such size as to 
pass the 3/8" sieve and be r etained on the 
No. 10 s ieve . 

~gregR!.e Hec:izh~_~x and B.:l l:ch ing Sca l es. The aggregate 
weight box and ba tching scale s shall be of sufficient capacity to hold 

and 've i gh a compl e t e ba t ch of aggregate. The ,,,eight box and scales shall 
conform to t he r equirements of the I tem, "We ighing and Neasuring Equipment. " 

Aggregate Material Bucket and ~.~les. The asphaltic material 
bucke t and scal e s shal l be of sufficient capacity t o hold and weigh the 
nec essar y asphalt i c mat eri a l f or one bat ch. I f the material is measured 
by we ight, the bucket and scal es s hall conform t o the requircu1'=nts of the 
Item, "Weigh i ng and Measur i ng Equipment . 1I 

If a pressure type fl ow me t e r is used to measure the asphaltic mat erial, 
the requir ements of t he I t em, "Heigh ing and Heasur i ng Equ i pmt.::nt" shall 
apply. 

Mixer . The mixer shall be of the pug mill type and shall 
h ave a c apacUy of not l ess than 20 cubic feet in a single batch . The 
number of blade s and the position of same shall be such as to give a 
uniform and compl e t e circulation of the batch in t he mixer. The mixer 
shall be equ i pp ed with an approved spray bar that will distribute the 
asphaltic materia l qu ickly and uniformly throughout the mixer. Any mixer 
that has a t endency t o segregate the mineral aggregate or fails to secure 
a thorough and uniform mixing with t he a s phal t ic mat er i al shall not be 
used. This shall be determined by mixing the standard bat ch f or the 
required time , then dumping t he mixt ur e and taking san'ples front i t s 
different par ts. This ,,]ill be te sted by t he extract i on test Clnd must 
show that the batch i s unifonu throughout . Al l mixers shall be provided 
with an automatic t i me l ock t hat wi ll l ock the dis charge doors of the 
mixe r for the req ui red mixing per iod. The dump door or doors and the 
shaft seals of th e mixer shal l be t ight enough to prevent the spilling 
of aggregate or mixture fr om th e pug mill. 

(b) Continuous Nixi ng Type . 

Cold Aggregate Rin and Proportioning Device . Same as for 
we ight-hatching type of plant . 

Dryer. Same as for weight-bat ching type of pl ant . 

Screen ing and Proportioning;. Same a s fo r weight-batching 
type of plant. 
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Hot Aggregate Proportionin .... 'l; Device. The hot aggregate 
proportioning device shall be so designed that ~.;rhen properly operated 
a uniform and continuous flow of aggregate into the mixer will be 
maintained. 

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

~. The mixer shall he of the pug mill continuous type 
and shall have a capacity of not les s than 30 C.Y. of aggregate per hour. 
Any mixer that has a tendency to segregate the aggregate or fails to secure 
a thorough and uniform mixing of the aneregate with the asphaltic material 
shall not be used. 

Truck Scales. A set of standard platform truck scales, 
conforming to the Item, "Weighing and Heasuring E;quipment," shall be 
placed at a location approved by the Engineer. 

(2) ARphaltic Material Heating Equipment. Asphaltic material heating 
equipment shall be adequate to heat the Rmount of asphaltic material re
quired to the desired temperature. Asphaltic material may be heated by 
steam coils which shall be absolutely tight. Direct fire heatipg of 
asphaltic materials will bc permitted, provided the heater used is man
ufactured by a reputable concern and there is positive circulation of the 
asphalt throughout the heater. Agitation \vith steam or air 'vill not be 
permitted. The heating apparatus shall be equipped with a recording 
thermometer with a 24-hour chart that ~.;rill record the temperature of the 
asphaltic 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 surface that will meet the requirements of the typical cross 
section and the surface test when required; &shall have adequate power to 
propel the delivery vehicles in a satisfactory manner \vhen 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 betv;een the rear ",heels of the hauling equip
ment and the pusher rollers of the finishing machine while the mixture is 
being unl-oaded: -

Anyxe.hicl_~~hi~h the fini.shing machine cannot push or propel in such a 
manner as to obtain the -desin!d lines and grades without resorting to hand 
finishing will not be allowed to dump directly into the finishing machine. 
Vehiclcf> 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 antomatically operated in such a manner 
that overloading the finishing machine being used cannot occur and the 
required li.nes and grades will be obtained without resorting to hand 
finishing. 
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Dumping of the asphaltic mixture in a windrow and then placing the mixture 
in the finishing machine with loading equipment will be permitted provided 
that the loading equipment is constructed and operated in such manner that 
substantially all of the mixture deposited on the roadbed 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 'vithout resorting to hand finishing. Any operation of the 
loading equipraent resulting in the accumulation of material and the subsequent 
shedding of this material into the asphaltic mixture vlill not be permitted. 

(4) For~. 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) Pneu,natic Tire Rollers. The rollers shall be an acceptable 
mediwn pneumatic tire roller conforming to the requirements of the Item, 
"Rolling (Pneumatic Tire)", Type B unless othenvise 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) Tuo Axle Tandem Roller. This roller shall be an acceptable power 
driven tandem roller weighing not less than 8 tons o 

(8) Three ,{heel Roller. This roller shall be an acceptable power 
driven three wheel roller vleighing not less than 10 tons. 

(9) Three Axle Tandem Roller. This roller shall be an acceptable 
pO'ver 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 'vide. 

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~_ghtedges and Templates. 
Contractor shall provide acceptable 10 
testing. Satisfactory templates shall 
Engineer. 
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(12) All equipment shal l be maintained in good repair and operating 

condition and shall be approved by the Engineer. 

5. Stockpiling, Storage, Proportion~ 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 "CII shall be separated into at least tW"O 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 aspbaltic mixture. 

Coarse aggregates for Type 111(11 shall be separated into at least two 

stockpiles of different abrasion characteristics as herein specified. 

The two stockpiles may be of the same or slmilar gradation. " 

No coarse aggregate stockpile shall contain more than 20 percent by weight 

of material that will pass a No. 10 sieve except as noted on the plans or 

provided for by special provision. Fine ageregatc stockpiles may contain 

small coarse aggregate in the amount of up to 30 percent by weight; hm"rever, 

the coarse aggregate shall meet the quality tests specified herein for 

IICoarse Aggregates ll • Suitable equipment of acceptable size shall be 

furnished by the Contractor to work the stockpiles and prevent segregation 

of the aggregates. 

(2) Storage and Heating of Asphaltic Haterials. The asphaltic 

material storage shali be ample to meet the requirements of the plant. 

Asphalts shall not be heated to a temperature in excess of 4000 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 nl<ltter. 

(3) Feeding and Drying of Aggregate. The feeding of various sizes 

of aggregate to the dryer shaTT be done through the cold aggregate bin 

and proportioning device in such a manner that a uniform and constant flow 

of materials in the required proportions will be maintained. The aggregate 

shall be dried and heated to the temperature necessary to produce a mix

ture having the specified temperature. In no case shall the aggregate be 

introduced into the mixing unit at a temperature of more than 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 wei5ht using the weight box and batching scales herein specified when the 

weight-batch type of plant is used and by volume using the hot aggregate 

proportioning device when the continuous mixer type of plant is used. The 

asphaltic material shall be proportioned by weight or by volume based on 

weight using the specified equipment. 
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(a) )~at c1l_'[yl'e HiJ:cI. In t he charglng of the we i ght b ox and in 
the charging o f t he mixer f rom t he w~ight box, such methods or devices 
shall be us e d as a r e nece ss ary to secure D uniform a s phalt i c mixture . In 
introducing the batch into the Inixer , all ltlillera1 agEl'egate shall he 
introduced firs t ; sh all be mixed thoroughly for a pcriod of 5 to 20 
s econds, as directe d, to uniforhlly d istribute the various sizes throughout 
the bat ch b e fore -the asphal tic llwterin1 is added; the asphaltic material 
shall thel1 be add ed a nd t h e mixing c ontinued for a toLal mixing period of 
not less than 30 seconds. Th i s mi x ing period may b e increased , if, in 
the opinion of the Engineer, th e mi x ture i s no t uni fO:<:ln. 

(b ) S-9D:t1.D~0u~_.-IYP_e.-tlixe r. The amount o f aggregate and asphalti c 
ma te ria l ente r ing the mixer and the r.ate· of trnve1 through the mixer 
s hall be so c oord i n ated that a uniform Dixture of the spec i fied grading 
and asphal t conte n t wil l b e produced . 

(c) The: mixture prod\ \c ed f rom each type of mixer sh.:11l 110t vary 
from the specLU e d mixtul'e by lllore t h An the tolerances her€:ill si)ec:l.f:ied. 

(d) The aspllalt ic m-Lx tuye sh all h e. a t a t( 'll,pe rAture: bet\/ccn 
225 0 F. <md 3500 F. wh en cl umped fr om t he mixe r . The Eng i llCCj~ Hill c1(~ 
t e r mi ne the tempera ture', vlit ldn t h e above I trnita t ion", and the mixtul-f\ 
when dumped f r om the mixer s h All no t v ary f rom th1s sele c ted t emperature 

° by more than 25 F. 

6. C01::t..~_tJuc!l.?n He~th.~~~~ . The prime coat, tack coat or the Asphaltlc: 
mi x tul'C ,-,hen p l ac e d v i th a s preadin8 <md f1nishing machine , shall noL be 
p1nced Ivhen the air t empe r atur e i s be10H 500 y.'. and is fa 1 1in~ , but it 
mAy be place d ,rllen the a i r t cropor At urc is above 40° F. and i s rlsin~. 
The a sphaltic mix ture when pl nceel wi t h a mot or grader , shal l not be placed 
vrllcn the a ir temp er a tu re is below 60° F. and 1s falling, but mC1Y be placed 
when the air tempe'rciture is ahove 50° }' . and is risin[; . The [lir tempera
t ure sh a ll be t ake n in t h e shade m-laY from artificial heat. It is furthel~ 
pr ovid e d tha t tbe pr i me coa t , tack c oa t or aspha]t i c lIlixture s hal l be 
pl aced only uhcn the h umid ity, r;cne r a l ,,'cat he r condit ions Clnd temperature 
a nd moi s ture cond i tion of t h e base , i n the opinion of the Engineer, are 
suit able. 

If- the temperature of a l oad o[ U-,c acpha l t i c mixture or a ny part of a 
load becomes 500 F. or mo re les s than the temperature se l ectcd by the 
Eng ineer under Article 5 . (5) o f: this s peci f ie c: t ion a f te r h ·~ illg cllllnped 
f rom the mixer and prior t o pl a cing, all or Hn y part o f t he load way be 
r e jected and paY1Eent ,d11 not be made for the r e jecte d nwtc r ial. 

(1) _Pr1:m~~ __ S::o~. If a prilile coat i s r e Cju lrcd , it sh a ll be app lied 
a nd p a id for a s a sepn!:nte i.t: C' 1l1 conform1.n~ t o the r e qtli.r cltlc nt s of: 1.11e 
Itelll, IlPrime Coat", exc e pt tlJc.~ air tempera tu re a t tim2 of a pplic a t ion 5h.:111 be a s 
provided above. The t a c k co nt or asphalt concr ete s11 a l1 11ot be api)lied 
on a preYious l y prime d fl exihlc base until the primed b ase h a ~~ compleLe ] y 
cured to the satisfaction o f the Engine er. 
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(2) Tack Coat. Before the asphalti c mixtur e is laid, the surface 

upon which the tack coat is to be placed shal l be cleaned thoroughly to 

the satisfaction of the Engineer. Th~ surface shall be given a uniform 

application of tack coat under "Asphaltic Material" of this specification. 

This tack coat shall be applied, as directed by the Engineer, with an 

approved sprayer at a rate of not to exceed 0.10 gallon per square yard 

of surface. Where the mixture will adhere to the surface on which it is 

to be placed withou~ the use of a tack coat , the tack coat may be elimi

nated by the Engineer. All contact surfaces of curbs and structures and 

all joints shall be painted with a thin uniform coat of the asphaltic 

material used for the tack coat. The tack coat shall be rolled with a 

pneumatic tire roller as directed by t he Engineer. 

(3) Transporting Asphaltic Concrete, The asphaltic mixture, pre

pared as specified above, shall be hauled to the work in tight vehicles 

previously cleaned of all foreign material . The dispatching of the ve

hicles shall be arranged so that all mater ial delivered may be placed 

and all rolling shall be completed dur i ng daylight hours. In cool weather 

or for long hauls, canvas covers and i nsulat i ng 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 f r om adhering to the body. 

(4) Pl acing. 

(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 wil l meet the requirements of the 

typical cross sections and the surface t ests . During the application of 

asphaltic material, care shall be taken t o 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 ~hall be set to line and grade 

established by the Engineer, When directed hy t he Engineer, level-up courses 

shall be spread with the specified motor grader . 

(c) ~~en 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 pavenwnt or placed in small irregulAr ar eas where the use of a 

finishing machine is not practical, t he f inishing machine may be eliminated 

when authorized by the Engineer, provided a satisfactory surface can be 

obtained by other approved methods. 

(d) Flush Structure~. Adjacent t o f l ush curbs, gutters, liners 

and structures, the surface shall be finished uniformly high so that when 

compacted it will be slightly above the edge of the curb and flush structure. 
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(5) .Compac t in§ . 

(a) As d ire cted by the El1~;L,. _'-~r , t. i . l"lvcr,'e n t Lha1l be com
pre ssed th oroughly and uniformly vj til t11'~ sp...: ::::;J:LI>.d rollers. 

(b ) Rolling with the three \ '~k"~ 1 w'c1 tandem rollers shall start 
longitudinally a t the sides and pro('.,> .. : ;:()\'. : ~'ct the cente:r of the pavement, 
overlapping on successive trips by &~ lw:sl: 1',;,;" . £ the \ddth of the rear 
whe e ls, unle ss otherw'i se directed by tx ;;:!'.<,il"CC l', Alternate trips of 
the roller shall be slightly d if£erc~l": :i. ' I f.~j ·I:'tll. On super- elevated 
curves, rolling shall begin at the 10 \7 dde c 1: l~ p:rog:cCS[; tovTard the high 
side, unless otherwise directed by to r; j·n:.;i,u ,".L. Rolling with pneumatic 
roll e r shall be done as directed by t :,2 EngiiL2:::C . RoT ling shall be 
continued unt il no further compresSic)' l c n h . obL:Din~d and all roller 
marks are e11min ated. Oile tand",m roll :.::~' , 01:(, plLcaD,ntic roller, and at 
leas t one three \,Theel roller, as SPE'c: j"-l.("! <l : il<-, .Te I shall be provided for 
e a ch job. If the Contractor elects, 11 2 r:1T)' ~,-d);, j-:j.tut e tlte three axle 
t a nd em rolle r for the two axle UmJ ~.· ;-! :'ollb' :.;yl /or tbe three ,,,heel roller; 
but in no cas e shall 1es's than three i : ( Jl r;::--~ 1 ~:3 in usC' on eAch job. 
Additiona l rollers shall be pro\T.LdeC: ... ":. : ~ c8d,'<l . Th e rl'JU.on of the roller 
shali be slo\., enough at all t imes t u ~'\ ' ,)id (:."~l,LiC€T' ,';:nt of the J.lixture. 
If any di splaceme nt occurs , it shull 1,( ~ (' on:, ·,'. 't'.2d at once by the use of 
rakes and of fresh mixtul'e \vhcrc rc:(,I,.;. L ';(~. '.[·[le l'(1J.ler shall not be allowed 
to stand on paveme nt \Jh ich h as not b:--t':,. :'1113 ~.' I.;'Y,:ip act(;c1. To pre:vent. ad
hesion of the sur face llllxture to th,~' r ul LI:'!:', tl., d1 e z,>l s shall be kept 
thoroughly moist ened witb \later, b0t :"1 (-]:Cf',; of. \:atC:!r \'?ill not be per
mitted. All rollers mu st be in gO(lc: 1,,·ch;.11.-'..,.11 condiU.ol1 . Necessary 
precautions sh a ll be tal..::c:n to pn.'vcl:.': : 11,: d ' \.' : 1':;.n2; o f g',soline, oil, 
grease or other foreign mat t er on lh~ p~V~~~D~ , e ither ~len the rollers 
are in operation or when standing . 

(c) Ha n d Tamping. The erl::, co:-; (~f t] ;~ p::vemr>nt Rlong curbs, headers 
and simil a r structure s, and all p1a::,. : :'.)L ;;'._. , ' :;sible to the rolle r, or in 
such positions a s v7ill not alloiI th"," . '1 : .11 c,-·,:!.,~c: t:LO ll \lith the roller, shall 
be thoroughly compacted \vith light l y o.;.}, c1 U·!.l ' :: ' 

(d) Rolling 'vith the trenc> ~'Yi co l", -; lc'r KiTJ be required on 
widening are as in t renchc; s and othe r 1 ~ IT'.. " tL ~; ; ' .... (,;,8 Hh(~rc satisfactory com
paction c cmnot be obtained ,,,ith th~~ ;.1 11:t.'," \,':,'_Ll am] t[ludem rollers. 

(6) Surface Tests . The surf2.co.- 0': tiL !, .. 'l(~m2nt, after compression, 
sh all be smooth and true to t hc cst .1' i j "1-,,,-, 1.{ l:i:1':', grndc and cross section 
and, when te sted ''lith a 10 foot stra '[):t 1;:;,' l, ' .:; c,::;d p.:lralle1 to the c(!nter
llne of the road\v3.Y or by other equ)\c;: _'.t i;:d clccc'iltable metbods , the max
imum d eviation shal l not exceed 1/8-il; ~: : ' Lo 1,-' feet , e xcep t as provided 
herein, and any point in tbe surf ::c )",1.,,' j~.,-c:Ling thi s J:: 0quirement. 
shall b e correct e d as di re cted hy th\.' r r. ~irp.:":l:". When the p.:1Vcment is 
placed on existing surf<lcE:s, the 1/:; inc:l devi-:"tiO[l in 10 feel: requirement 
may be waived by the Enginee r. 
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(7) Opening to T_raffic. The pavement &hal l be opened to traffic 

when directed by the Engineer. All const.ruction traffic allowed on the 

pavement shall comply with the Statc laws governing traffic on highways. 

If the surface ravels, it will be the Contractor ' s responsibility to 

correct this condition at his expense . 

7. Measur ement. 

(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 speci~ications for the project. The volume 

of aggregate in the compacted mix shall be calculated from the measured weights 

of the asphaltic concrete by the fo l lowing formula:· . 

W v = 
62.4 (27)Ga 

v = Cubic Yards of compacted aggregate 

W = Total weight of asphaltic concrete in pounds 

Ga = Average specific gravity of three molded specimens 

as prepared by Test Method Tex-206-F and determined 

in accordance with Test Method Tex-207-F. 

The weight "W", if mixing is done by a continuous mixer, will be determined by 

truck scales. Weight, if mixing is done by a batch mixer, will be determined 

by batch scales and records of the l1\lmber of batches, batch designs and weight 

of asphalt and aggregate shall be kept . 

For the first day's production, the average specific gravity of spccimens molded 

during laboratory design of the mix shall be used in the volume computation 

formula. For each subsequent day's production, the average specific 

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

(2) Tack Coat. Tack coat will be measured at 

on the road in gallons at the applied temperature. 

kerosene is added to the cut-back asphalt for tack 

measurement will be made after mixinr;. 

8. Payment. 

the point of application 
~~en gasoline and/or 

coat, as ordered,· 

(1) The work performed and material s furnished as prescribed by this 

item and measured as provided under "Heasurement", will be paid for at the 

unit prices bid for "Asphaltll and "Aggregate", of the types specified, 

which prices shall each be f ul l compensation for quarrying, furnishing all 

materials, freight involved; for all heati.ng, mixi.ng, hauling, cleaning of 

the existing base course or pavement, p1ac1ng asphaltic concrete mixture, 

rolling and finishing; and for all manipulations, labor, tools, cquipulent. 

and incidentals necessary to complete the vlork , except tack coat and pri.me 

coat nhen required. 

(2) The tack coat, measured as provi.ded under "Heasurement" will be 

paid for at the unit price bid for "Tack Coat", which price shall be full 

compensation for furnishing, preparing , haul ing and p1aci.ne the asphaltic 

materials of the grade used; and for all manipulations, labor, tools, 

equipment and incidentals. necessary to complete the work. 
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(3) The prime coat, performed ,/r1(-;: " re qu i red, will be measured 
and paid for in accordance with the p'-~()v i ,si u n .'3 bovcrning the Item, 
"Prime Coat." 

(4) All templates, straightedg~0> scal er; ~Hld othe r ,,,ei.ghing and 
measuring devices neces s ary for tho v::op e r C Ul1~-. tr~ction, measuring and 
checking of the W9rk shall be fu r nis;";o; Ct, opl~rotcd and maintained by the 
Contractor at his.expense. 
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APPENDIX II. 

Design of Bituminous Mixtures (Volumetric Design) 



Scope 

DESIGN OF BITUMINOUS MIXTURES 
(VOLUJ'ffiTRIC DESIGN) 

This procedure provides a means to determine the proper prop ortions 
of approved aggregates and asphalt which, when combined, 'viII produc e 
a mixture that wil l satisfy the speci fication requirements. An example 
of a t ypica l design procedure is included in th i s test method. All 
references to volumes in this procedure are absolute vo lumes, i.e. 
the volume of the mix is the sum of the absolute volumes of the aggre
gates and the asphal t. 

Procedure 

1. Obtain and identify r epresentative samples consisting of approxi
mately 50 pound s of each type of material or each size aggregate proposed 
for use, and dry to constant weight at a temperature of 2000 t o 2300 F. 

2. Secure l aboratory s i ze sample of each aggregate by c<1refully 
r~ducing the amount of ma ter ial by quar t ering as outlined in Test Method 
Tex-ZOO-F. 

3. De termine the sieve analysis as outlined in Test Method Tex-200-F 
tising the sieve size s as set forth in the specifications for the type mix 
desired, and the bulk specific gravity of each s i ze aggregate in a cc orda nce 
with Test Methods Tex-20l-F or Tex-20 2-F for natural aggrega t es. For 

synthetic aggre gates, determine the bulk specific gravity by the Bryant 
method. This te st method was developed by J. S . Bryant and the procedure 
is described in the t hesis titled "The Determination of the Moisture 
Absorption Charac teristics of Light\.]eight Concrete AgGregates." For 
purposes of mix de sign ancl_p~_9.IJ.Lsontr_oL._" it;ylU_ be _assum~c:L_~h?!= .the bulk 
specific gravity of the portion of the synthetic aggregate passing the 
80 mesh sieve is the same as that of the material retained on the 80 mesh 
sieve. 

4. The proper design t echn ique r equires that the aggregnte proposed 
for use be combined in such a manner as to approach the average or mid
point of the allowab le range s e t forth in the specific ations . However, 

- -economy and ratio of product ion--ofth e- a"ggregat-e- are fac1:::6rs--,-;'hich should 
be kept in mind in selecting the initial combination to be tested. Only 
after combinations utilizing the most economi cal proportions have been 
det"ermined to be unsati sfac tory \vill other less desirab le combinations be 
tried. 

5. After determining the required data in Step 3, as sume , on the 
basis of the aggre gate alone, the most satisfactory combination of the 
available materials \.]hich meets the requirements set forth in Step I+. 

Calculate the gradation by volume of the combined aggre gates follmving 
the sample procedure outlined under 'ITyp ic al Ap'plic a tion of Procedure." 
In the event the assumed combina tion is at any point outside the specified 
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grading limitations or, in the oplnlon of the Engineer, too close to 
these limits for consistent acceptable plant production, other com
binations will be tried. 

6. After the design gradation has been selected, the necessary 
asphalt content must be determined which will enable the mixture to satisfy 
the density (perc~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 allowable 
range of the specifications. The percentages of asphalt to be tried are 
each end-point, .the mid-point, and the two quarter-points of the allowable 
range shmvn in the specification. A trial specimen should be molded so 
that any necessary corrections can be made in the amount of material 
necessary to obtain a standard specimen height of 2.0 ± 0.06 inches. The 
asphalt content of the trial specimen should be at the mid-point of the 
specification range . . After calculating the correct weight to produce the 
trial specimen of standard height, the total weights for specimens con
taining other percentages of asphalt can be closely approximated in most 
instances by using the corrected weight of the trial specimen as a base 
value and changing total weight of specimen to compensate for varying 
asphult contents. 

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

8. ~~n 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 T~st Method Tex-203-F. 

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

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

11. Plot the test values obtained from the density and stability 
determinations versus the percent asphalt as illustrated in Figure 1. 
From this curve the percent asphalt which will provide a mixture that will 
satisfy the density and stability rcquirem2nts 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 nE'\V design as outlined herein. 
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TYPICAL APPLICATION OF PROCEDL~ 

The blending procedure described herein was prepared for the b lending 
of aggregates having diffe~ent spec j f~c gravi t ies. In brief, the pro-" 
cedure consists of a pape r ana lysi s of t he grade f r act i ons r esul ting 
from a trial or"as sumed pape r bl end of t he aggregates under considera
tion. The trial blend ratio s reflect unit s of volume. The procedure 
f or blending aggregat es is outlined a s f ollows : 

1. Examine the grade "fr action s re fl ec t ed i n t he ava i lab l e aggregate 
s ource s. Material s or ma t eri a l combi nC' t ions that reflec t t he desired 
gr ade fractio ns are se l ected f or t r i al blending analyses. 

2. ,Tabula te gr ada tion da ta for t he aggregates selected on an 
analys is sheet, Form "Aggr egat e Bl ending Tabu l a tion ." (Analysis sheet 
must r e flect percentaze s pass ing a specif i ed s i eve s i ze and retained on 
the next small e r sieve size.) 

3. Select trial b lend r a tios a ft e r making a careful study of grada
tion specifications a nd the gr ade f r actions availab le in t he materials 
s~lected for blendinz .(Computations a re s i mpl i fied by t he use of a 
total of 10 blend par t s.) 

4. Multiply the grade fr action perc entage s by the b l end ratios 
selected. ' 

!>. Total the gr ade fr .:1ction pel"C en tage s in each co l umn and div ide 
by the total number o f b lend part s . 

6. Compare the grada t ion of the bl ended aggregat e combination with 
, s"pecifi.c~.tions . 

7y Repeat Steps 3 , 
to meet speci f ication s . 
included if necessary. 

4, and 5 until a mate r i a l combination i s obtained 
Ma te rial s reflectinB other grade frac t ions may be 

An example of volume tric blending by t r ial and error is included for a 
further explanation of this procedur e . 

Problem: Determine the blend ratios to sat isfy the s pecia l 
specifica tion for a Type "D" mi x. Vol ume measu r ements are 
requirea for dn accurate analys is o f the s peci fied grade frac tions, 
whereas we ight measurements a re required for accurat e batching 
procedures . 
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Given: · (a) Gradation specifications (limits for the Type liD" Mix). 

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

(c) Specific gravities for the three aggregates are as fo110\-1s: 

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

Specific Gravity ~ 1.05 
Specific Gravity = 2.71 
Specific Gravity = 2.63 

.Th~ __ followlng 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 prob~em. (Steps 
2 through 6). 

4-12 
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The theoretical blending of 4 parts at 5 J .L <-tic aggrega e with 1 part 
of limestone chips and 1 part of field sand satisfied the bt !O.Ltic...l r~

quirements for a Type "D" Nix. The blend ratios for volume blending are 
as follows : : 

A 
B 
C 

Synthetic Aggregate 
Limestone Chips 
Field Sand 

= 66.6% 
16.7% 
16.7% 

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

A SY1~thetic AggregntE' :: 66.6% X 62.4 X 1.05 = 43.64 Lbs. 
B Limestone Chips = 16.7% X 62.4 X 2.71 28.24 Lbs. 
C - Field Sand = 16.170 X 62.4 X 2.63 :: 27.40 Lbs. 

Total 99.28 

Then: A Synthetic Aggregate = 43.64 -.- 99.28 = 44.0% 
B LimcBtone Chips = 23.24 -.- 99.28 = 28.4% 
C Field Sand == 27 .40 . 99.28 27.670 

Typical sieve analysis of bctual blends of synthetic aggregates and 
natural aggregates are not suitable fOl fie:d tests sLd control ~f the 
specified grade frBeLiona. Typical grad at jon analyses sr0 distorted by 

Lbs. 

the weight measurern2nts of the grade fractions of materials having different 
specific -gravi ties. A vol·.lr,l:;~Tic <1:::['1 "sis of the various grade fractions 
must be used fvr a control test. 

8. After a satisfactory proportioning of the aggregates has been 
determIned, the total mix including asphalt mus t be determined. The 
sp-e-c-:tfied range of asphalt content is' based OIr volume relationships a~ 
th~ weieht relationsl1ip is distortLd v,1len s)Llthetic agg:ega::es are used 
in the mix. The COl'lbined grading as determined above must be chnngecl to 
include the volume of asphalt in thG mix. The first check is made on an 
assumed percentage of asphalt; the mid-range of the specifications may be 
used for a trial. This will iadicntc ~f the aggregate gradation will 
remain in the master erading as the asphalt content is varied from the 

.10He.r to the uppe.r limits 1)£ the. specificatJ.oD 

9. The volumes of aljgregate and asphalt may be convert d to ,.,eights 
tor convenience ir m~'nsure?i1ent in m:lking trial mixes. 

In the sample above, assume that tbe Rsphalt has a specific gravity at 77° F. 
of 1.000. The combined aggregate \,,1.11 have a specific gravity of: 

Average Specific Gravity: 100 

44.0 + 26.:..i,.;...l.L§.. 
l05 It 71 . 2.63 

; 1 . 59 or 62.4 X 1.59 ~ 99.22 Lbs/CF 

The asphalt has a unit weight of 62.4 X 1.000 = 62.4 Lbs/CF 
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To make a trial mix of a given we i gh t, the weight r e l at ionsh i p of aggre ga te 
and qsp~a It will be as shmm in Table I, 

" '. 

10. After correctin{; the ,ve ights for the design mixes, combinc the 
materials, mix and mold the test specimens, and obtain the percent density 
and stability values as described in Test Method s Tex-205-F, 206 -F, 207-F, 
and 208-F. 

11. The following t ab le shows the average values obtained from the 
above tests. 

Percent 
Asphalt 

8.0 
10.0 
12.0 
14.0 
16.0 

Aver age Percent 
Density 

92.0 
93.9 
96.1 
97.5 
98.3 

Average Percen t 
_-=-S t;;...a_b i 11 t Y 

4l~ 

45 
40 
29 
16 

12. To obtain the optimum asphalt content for the design, the above 
test values ar e plotted on a sheet of graph paper wi th t he specimen density 
and stability on t he ver tical ax is and pcrcent asphalt on the horizonta l 
axis. The density and stability curve s are drawn by connectinB the res
pective plott ed va lues (Figure 1.) Since the standard specificnt ions 
spe ci fy an optimum density of 97%, a line is drawn vertically dmvn the 
sheet from the polnt at which the density curve int er sec ts the 97% density 
line. This vertic a l line intersects both the stability curve and the 
horizontal axis. 

The optimum asph alt content, as read from the grnph, is 13.3% by volume and 
the expected laboratory stability of this mixture would be 33%. The 
above procedure has e s t abl ished a bituminou s mi xture design b3sed on either 
stockpile or cold bin aggrega tes. The design ind ic a t es the ma t erial should 
be fed to the plant in the proportions of weight or volume a s shown in 
paragraph 7. 

If the materials are carefully proportioned in this manne r and the screens 
of the plant are properly cho sen and operate efficiently, the result ing 
combined hot bin aggrega te should closely app roximate the design gradntJon . 

. Experience has proven, however, that this ideal situa tion r arely exisLs. 

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

The cold feed should be adjusted to feed the proportions of aggregates 
from each stockpile as de termined in the design proc edures. The gradation 
of the combined aggregates from the hot bins must be checked to determine 
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TABLE I 

Percent of Weight of Total Batch 
% Asphalt Weight {In Lbs.~ in One C.F. of Mix Total Aggregate Aggregate Aggregate 
By Volume Asphalt Aggregate Total Asphalt Aggregate A B C 

9.0 5.62 90.29 95.91 5.86 94.14 41.42 26.74 25.98 

10.0 6.24 89.30 95.54 6.53 93.47 41.12 26.55 25.80 

t-' 
11.0 6.86 88.31 95.17 7.21 92.79 40.83 26.35 25.61 

0 
I 

l-' 12.0 
N 

7.49 87.31 94.80 7.90 92.10 40 .52 26 . 16 25.42 

13. 0 8 . 11 86.':>2 94.43 8.59 91.41 40.22 25 . 96 25.23 

14.0 8.74 85.32 9/t.06 9.29 90.71 39.91 25.76 25.04 

15.0 9.36 84.34 93.70 9.99 90.01 39.60 25.56 24.85 

16.0 9.98 83.34 91.32 10.69 89.31 39.30 25.36 24.65 

17.Q 10.61 82.35 91 .96 11.90 88.10 38.76 25.02 24.32 

18.0 :1.23 81.36 92 .59 12.13 87.87 38.66 24.96 24.25 

19.0 11.86 80.37 92 .23 12.86 87.14 38.34 24.75 24.05 

-J 
I 
0\ 
\0 
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if the specified mix is being produced. To determine trial weights of material 
from e~ch bin, the plant should be run after cold feed settings have been made 
and the material collected in each bin weighed . The ratio of weight of material 
in each bin to the total vleight of aggregate vi11 be used as batch weights for 
the beginning of production. 

After production is started, control tests must be made to it.!:;t!rE:: that the 
required mix is being produced. Control tests for gradation of aggregates 
from the hot bins will be made in accordance ,.,ith 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 
adjustQents are indicated. If this does not correct aggregate gradation, it 
iR prohable that the gradation of one or more of the stockpiles differs from 
the gradf!tion of the saPlple on ,.,hich the original design vnlS based. In this 
case, a new design may be necessary. 

12-12 
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APPENDIX III. 

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

Aggregates" 



4. Appendix 

4.1 AbsOfIJ/ioll-Tillle Tf?.Y1 (Bryant Uethod) (5) 

EXCERPT FROM 

'''THE DETERr,'lINATION OF TIlE MOISTURE ABSORPTION 

CHARACTERISTICS OF LIGHT\VEIGHT CONCRETE 

AGGREGATES" 

A THESIS 

BY 

JULIAN STEPHEN BRYANT 

TEXAS A&l\1 UNIYEHSITY 

JANUAHY 1~)j8 
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A NE'V METHOD OF 'rEST 
The purpose of this research ,~as to devise a simple, reliable method of lest that would determiJle alu s f 

ab!lorption, rate of absorption, and specific gravities for both fine and coarse fractions of lightweight aggregates. 

The Theory 

It \~as necessary to devise a method of test ~hich· did lIot require handling of the swnple or obtaining a 
snturalcd, surface· dry condition ph}sically in the sam· 
pie, and also one which would delermine the rate of 
absorption. The .approach was to devjse a method that 
~olllcl give the saturated weight of the sample and the 
sUlface.dry volume without actually obtaining this con· 
dilion at the same time. 

If the sample is immersed in water in a container 
of known volume and the water is maintained at a con· 
stant level by adding water as the sample absorbs it, 
then the rate of absorr,tion can be measured by weighing 
the container at specJfic time intervals during the test. 
Then if a \-ale cune can be established and extrapolated 
to include 7.l."ro time, the total amonnt of absorption can 
be obtained. Also, the surface-dry volume of the sample 
can be oblained by subtracting the vo)uDle of water at 
zero time from the vo)wne of the container. 

The Test 

Scope. Tl1is method of test js intended for use in 
determining the bulk specific gravit), both dry and satu· 
ratcJ surCace·dr). appar!?lIt specific gra"ity. absorption, 
and late of allsorptioll of both the coarse and line Iir. .... ht. 
weight concrete aggregates. The. specific gra\ ill va ues 
are as defined in the Standard Definitions 0 ~ rms 
ltdating 10 Specific GTlI\ ity (ASTM Designation: E 12) 
of the American Society for Testing Materials. 

Apparatus. The apI>aratlls shall consist of the lol. 
lo~ing: 

(a) Balance.-A balaJlce having a capacity ol 3 
kiloglluns or more and a sensitivity of 0.1 gram or less. 

(b) Container.-A glass Mason jar litted with a 
eonh'al brass cap with a hole one.qullrter inch in diameter 
in t.he top, as illustrated in Fig. 4·1. 

Sample. Approximately 400 grams of the a .... gre· 
I!:ate shall be selected by the method of quartering from 
the sample to be tested. 

Procedure. The procedure shall be as follows: 
(a) The jar and car shall be l,eighed to dIe nearest 

0.1 gram. The jar shal then be fjJIcd completely with 
distilled \\ aler aud weighed to the nearest 0.1 gram and 
the temperature of the "ater recorded. TIle test shall 
be conducted in an em ironment temperature of 72 + 5· l". 

(b) The sami)le shall be dried in nn 0 en at a tem. 
per:ltule of 10S"C for 24 hours. It sla 11 then he allo\\ed 
to cool to room emJ>crature in a dessicator and the 

ci:,ht dcl Ii ed to the nearest 0.1 gram. 

(e) Afl \\ ighing, the samp) shall be pI ced in 
tIle Mason jar and the jar filled ,ilb distil1cd water. 
Tho cap shall tl)f~n be placed on the iar and water added to fill the jar nnd cap completely. rhe jar with sample 
PAGE TWELVE 

and water shall tllen be \\eiqhed 10 the nearest 01 gram 
al d t I mperalu e reco d d. With a httle practice. Ihis first wCI!,hing c cd h 0 min tcs arter the 
water is first introduced mlo he co tai r W igbings shall Ihr.n be made at intervals of 2, 4, 6, 8, 10, 20, 30, 
60, 90, and 120 minutes from the beginning of the lest 
and each 24 hours thereafter, taking care to agitate the 
sample bS' rolling and shaking the jar to remo 'e· any air 
trapped between the particles and refilling the jar so that a constant volume is maintained before each weighing 
is made. 

Calculations. The weight of total water in tIle con
ainer at any time can be obtained by subtracting tbe weight of the container and the o~en.dry weIght 01 the 

sample from the total weight of the sample, container and water at that time. The weight of total water for 
each of the time intervals shall be calculated. Then, if 
the time intervals are represented by tlo t:!, ta, •.• tt and the weights of total water corresponding to those inter
vals are represented by WIo w:!, Wa, ••• Wb a curve can be plotted with time as the abscissa and total water as 
the ordinate. This curve should be extended to a mini· mum time of 60 seconds. The total \~ ater at zero time 
shall be refer ·ed to as the free aler. The curve shan 
be extended to time zero to determine tbe amount of free 
water. For purposes of this test, free ~ater is defined as all water ill the container ",Inch is not absorbed by 

BRASS CAP 

RUBBER GASKET 

MASON JAR 

Fig. 4·1. P)CnOmelcr B Ie U cd In T s. 
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the sample. Assuming that the volullle of the sample 
remains constant, then the amount of free watcr is con· 
stant through the test. The volume of free water can 
then he calculated by dividing the weigh t of free water 
by the specific gravity of water at the temperature re· 
corded ,\hen the test began. The hulk volumc of the 
sample shall be calculated by subtracting the volume of 
free watcr from the volume of the container. The vol. 
ume of total water at" any time, t, shall be calculated by 
dividing the weight of total watcr at timc, t, by the spe· 
cific gravity of water at the temperature recorded when 
the test began. The app:ncnt volullle of the salnplc at 
any time, t, can thcn be calculatcd by suhtrarting thc 
volume of total watcr at timc, t, from the volullle of the 
containcr. The absorbcd watcr at any time cail be cal· 
culated by subtracting the frec water from the total 
water at that time. 
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Fig. 4·3_ l::wmprc AbsorptioTl·Tim e Curue. 

ADsorption. The PI_!l'ccnt ahsoqltioll shall be cal· 
culated for eadl tim t~ interval tty divirling the Il"eight of 
absorb cd water al each tim e intel'val by the ovcll·dry 
weight of the :;arnple. The percent ahsorption Hrsus 
timc shall be plotted on n'rtal1~ulflr coordinate graph 
paper anel a ~lJ]ol)lh eurn: drawli through thesc points 
to establ ish tlH~ rate of ahsorption. 

Bllrk SllCei/ir CrUl:ily (/)ry). Tile hulk speci fic 
gravity shall bc' calculntcd hy dividing thc oven.dry 
weight of the ~amplc by the bulk volum e of the S:1I11 (1le. 

Bulk Specific Crt/llily (Sf/tltr(lted SlIr/ace·Dry). 
The bulk spcr.ific gravily OIl a s<l lun1teu, Mlrface-ury 
basis a t any ti1lle', t, shall be calclJ),·ted by dil'irlill[; the 
sum of the o\'('II-dry weight (If the sillllp le and the weight 
of ab~o;-hed "'<ller 3t time, t, by tlte hulk ,'olull1e of the 
sample. 

TABLE 4-1. EXAMPLE DATA ANn CALCl'LATIONS 
ABsonPTION AND SPECIFIC GJ~A \Try 

D<lte Time 
and Since 

Time Start 

3/2 8:30 2 min 
8:32 4 
8:34 6 
8:36 8 
8:38 10 
8:48 20 
8:58 30 
9:28 60 
9:58 90 

10:28 120 
3/3 15:00 1110 
3/4 8:15 2 days 
3/5 8:17 3 
3/8 9:00 6 
3/11 9:07 9 
3/12 8:10 10 
3/15 8:40 13 
3/18 8:26 16 
3/21 8:30 19 
3/23 8:12 21 
3/28 9:17 26 
3/31 9:00 29 
4/4 8:05 33 
4/13 8:20 42 
4/14 9:00 43 

Wt. Tare Weight 
Sample & Total 

Water Water 

1000.0 
. 2855.9 1601.0 

2856.8 1661.9 
2857.1 IG62_2 
2857.8 161.2.9 
2858.0 1603.1 
2859.2 ] 66·1.3 
2800.1 1605.2 
2861.3 160GA 
2863.5 1G68.6 
281.-1.1 16G!J.2 
2872.1 1077.2 
2876.8 1681.9 
2878.8 1083.9 
2882.0 1687.1 
2884.5 1()89.6 
2884.8 1689.9 
2887.0 1092.1 
2888.1 1G93.2 
2891.0 1G9G.l 
2888.8 1093.9 
2893.8 1698.9 
.2894 .9 1700.0 
2898.0 1703.1 
2898.5 1703.6 
2900.0 1705_1 
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Wd.-.-ht 
Fr~'e 

Water 

lGGO.O 

" ,. 

1\ 

" 
1\ 

" 
" 

Wcir,-bt 
Absorbed 

Water 

1.0 
1.9 
2_2 
2.!l 
3.1 
4.3 
5.2 
(;.4 
8.0 
9.2 

17.2 
21.9 
23.!l 
27.9 
29.0 
29.9 
32.1 
33.2 
3G.1 
33.0 
38.9 
40.0 
43.1 
43.6 
45.1 

Percent 
Absorption 

0.2 
0.5 
0.6 
0.7 
0.8 
1.1 
1.3 
1.6 
2.2 
2.3 
4.3 
5.5 
6.0 
6.8 
7.4 
7.5 
8.0 
8.3 
9.0 
8.5 
9.7 

10.0 
10.8 
10.9 
11.3 



TABLE 4·2. TYPICAL DATA SHEET 

AbsorptlO al d S~eciflc G. avi y 

Proj eet _---=1:....:::0~8~1 __ Aggreg ate _---=-R.:.;:C::....:.A~#.:::..2 __ Da \,; 

Performed by ___________ _ 

(a) Tare Wt. ~7.=.9_=.5_=_ . .:...1 ____ Wt. of Bo.tIe and Water _-::.2::....:.7....::2:...;:3~8 __ _ 

Weight of Water 2723 8 795 _ = --.~=.:...;.... 
~.Temp. of Water 24 0 C Volume of Bottle -- 0"_ 1 3 9 

0.7/93 
(b) Wt. of bottle & dry sample 1194.9 n. Dry Sam Ie 1194.9- 795.1= 

399.8 

(c) Wt. of free water. 1660.0 Vol. of Vater_lM)J},-O- = 1664.5 
9S73 

Bulk Volume of Sample 1933.9 - _-=-1.=..66::..4.=...!.....:S=--____ -= __ 2.2._4 ___ _ 

Wt. Total Water@---:.-3_days 1683.9 Vol. Total Vfater 1683.9 .. -=1688 4 0.9973 . -
Apparent Vol. Sample _...=.1~9.::..33:=:--!...:9~_ 1688.4 

Saturated Wt. Sample __ L('~ ~_ 

Absorption (Percent) -- ~~ ~ 
399.8 

399.8 Bulk SpeCific Gravity (Dry) -------
269.4 

Bulk Specific Gravity (SSD) __ --=4-=-2~LL -
269.4 

Apparent SpecifiC Gravity ___ ....:3:..- 8 
2 _ 

= 245.5 

423 7 
-~~.:-.------

= __ ~8_ 

Aggregate Absorption Factor ____ 4.2 - 2. 1 :.: 2. I 

PAGE F"OURT"EN 
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Fig. 4·1. E:rampfc Absolption·Tilllc Curvc. 

Apparc.nt SpeciJic Grail ity_ The apparen t specific 
gravily al all}' time, t, shall be calcul i·tu l JJy dil-idinti 
th e oven dry weight of the sample by the apparent '01· 
lime at tha t time. -

4.2 Concrete Mix Design _ Dala 

T he mi x d esit\n data for concrete mlXe!;; cmpJoycu 
in th is slll ll)' arc givclI in Tablc 4·3. 

4.3 References 

1. Ledbetter, \V. B., "Correlation Stuclic5 of F und a· 

TABLE 4-3. CO!\"CHETE 

Coarf'c Concret e 

mental A""re"ak l 'mjJertics with Freeze·Thaw Dura· 
bility of S~nl~t u r. tl Lightweight Concrete," HcscHreh 
Repor t 8 J ·1, T e). as Transportation Institute, Texas 
A& I\,1 lJllil' ers ity, Aug llst, 1965. 

2. Kan aLa r , C. N. ano Ledhetter, W. fl., "Effects of 
Dt:gn.:e of Syn th<'lic Ligh t\l"ci~ht Aggrega te Pre-Wet· 
tin ;:\ o n the Freeze-Thaw DlIrahility of J,ightwe joht 
Concrete," Itescareh Report 81·2, Texas Transpor ta . 
tion IlISlitute, T exas A&1\1 Univers ity, D"cclllLer 1966 . 

3. Gallawa y, Boh 1\1. a nd Harper, William J., "A J.ah
orator) an d Field I ll vest i ~ati on of Light\i'e igh t Ag. 
grega tes as Cl>\"(' r~ t olw for Seal Coats [mel Surface 
Treatmell ts ," He~e:lreh Heport 51-2, T exas Tra nspor. 
tation I ns tit ute, Texas AS.~1 Univers ity, A pri l, 1966. 

4,. Slarufa /(/ Specifications lor Road and IJridge COl!
struction, adopt l' d by the St at e Highwa y Depa rtment 
of Texas, Itr llJ 302, pp. 207, January 2, 1%2. 

5. Bryanl, J. 5., " Tlw Dct l'l nJin a tion of Ihe Mo isture 
Absorpti oll Cl;ar"cleri~ ti,. " of Lig ht\\'c igl lt COllerete 
Aggrega tl's," M. S. Thesis, T exas A&l\I University, 
1959. 

6. J.c dLetlei-,W. lJ., Hirsch, T . J., and Iver, Don 1.., 
"Sclcctc,l D urability Stlltl ie" o f Structural lig hl. 
weight COl1cre:c," H.csea rcll Repo rt 35-2, T exas 
Transpor ta ti o1l J n, t itllte, Texas A&rvl Univers ity, Dc. 
cember, ]964· (Jtf' liscd April, 1966). 

JlJJX DESlG N DA TA 

Agg-re r.::ltc Batch CCIl1CIl t P l: HCE!\"T AnSOLC'J'E VOLl';\jJ~ Slump Initial 
Ilcsig-li H tor C0tlC F actor (in) Un it -.---------

and Lot No. No. (sks/cy ) Cement Water FA CA Air Wt (pef) 

In 5R 5.0 8.7 20.4 34.7 33.7 2.5 31h U 8.8 
R1 3FTH 4.6 8.2 20.9 34.9 31.7 4.3 4 114.'1 
Rl 4FTl~ 4.9 8.7 19.0 33.1 33.S 5.4 3 11 3.2 
R2 5FTIl 4.9 8.7 18.7 33.0 33.6 6.0 3 % 11 5.1 
C1 5C 4.7 8.4 22.8 3!:>.1 31 .7 2.0 4% 115.7 
C1 3 FTC 4.7 8.3 21.0 34.3 32.1 4.3 3% 117.6 
C1 4FTC 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 3% lJ 8.0 
E 4 5E2 4.7 8.3 20.2 37.2 32.:) 2.0 4 % 128 .0 
E4 flEa 4.9 8.7 22.0 33.7 33.5 2.1 3 118.2 
E4 31"TE 4.7 8.3 17.6 36.0 32.2 5.9 4% 125 .2 
E4 4FTE 4.7 8.3 17.1 37.4 32_2 5.0 3 120 .8 
E6 5FTE 4.6 8.2 16.6 37.1 3?1 6.0 3~~ 117.1 
Sl 58 4.9 8.6 23.6 32.7 33.2 1.9 4 '12 126 .8 
Sl 3FTi') 4.9 8.7 20.7 31.7 3:U; 5.:3 3 11 6.8 
Sl 41"1'5 4.9 8.7 21.0 32.4 3:1.6 4.3 3 'h 118.0 
S3 5FTS 5.0 8.8 20.3 32.6 33.8 4.5 3 0/1 118.2 
D1 5D 4.9 8.7 22.9 35.5 30.9 2.0 41,~ 118.4 
D1 3FT)) 5.0 9.0 18.9 35.4 3U ) 4.8 31,"- 11 ::l .6 
D1 41"'1'11 4.9 8.7 19.2 36.2 3J.l 4.8 3 ~:1- 115.2 
D2 5FT)) 5.0 8.9 17.8 36.7 31.6 5.0 3 I/. 11 6.1 

f-'AGE FlrTFEN 
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APPENDIX IV. 

Test Method Volumetric Analysis of Fine and 
Coarse Aggregates 



.. 

Scope: 

TEST HETHOD 

VOLill1ETRIC SIEVE ANALYSIS OF 
FINE AND COARSE AGGREGATES 

This t e st me thod covers a procedure for the dete rmination of the 
particle si ze distribution by volume of fiue and coar se aggregate samp l es, 
using sieve s with square op enings. The ru~ thod is also app l icable for use 
to obtain the sieve ana l ysi s of aggregate rec ove r ed from bituminous mix
tures obtained from plant or roadway. 

Apparatus: 

1. Sample splitter, quartering cloth, shoveling me thod on c lean 
surface or quarte ring mach i ne . 

2. Set of Standard U. S . Sieves - woven wire with squa r e ope nings 
(A.S.T.H. Designation: E-ll). 

3. Hechanical Sieve Shaker. 

4. Drying oven capabl e of att a ini ng a temperature of 2000 P. or more . 

5. Graduate - a gl ass c ylinder wi th a capacity of 5,000 ml grad ua t ed 
in increment s of 5 ml or le ss . 

6. A wide-mouth funnel for tran s f err i ng aggregates to gr ad ua t e . 

7. Solvent, 'Benzol, Trichloroetha ne . 

8. Round pans with di ame ter to fit sieve s . 

9. Scoop, brass wire brush and hair brush . 

Preparation of Sampl e : 

1. Select a represent ative portion of proces~ed aggregate for t es t. 

2. Place the aggr ega te in oven and dry to cons tant wei ght a t a t em
perature of 1~00 to 3000 F. When dryin g limes tone r ock a spha l t samples prior 
to s cr~ening, care mu s t be t aken to adjust ove n t emp e r a ture s o that native 
bitumen is not fluxed from aggregate. Remove sample from oven and allmy t o 
cool to room tempera ture. 

7-69 
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3. To quarter the m !terieJ ~ d LithL' fI' 

quartering cloth. quarter ing machL G, o[ t. T t f 1 ,::\ -t ,~ IE' t 
aggregate with a large flat scoop or shovel. bH. .. dinr; it back· .1J forth 
on a smooth clean surface unti.l blended and then quarter'q.; m(,l-tm.lvl:,' 
with somE.. straigh+-- . " '11,. 'd',c:in~ h· dry a61,regatt:! s<. pi ... _c lnDL 
tory testing sizE.. It i )( n. s;:;~b' C 0': .I.L 1:Lr materiel (major portioil 
passing No. 10 siev~/ to thoroughly blend tt_ mat~rial Lnu take small 
portions frurn sever~l place~ covering the {It'rE u~ea of the pan to make 
up the test sample. ':eE.. L'(·2/ . 'I-~1, i ~, 

Procedure: 

1. Place the set ('f si v s, wi..h th~ l' gc~ op ni f 011 tat 1 1" 
a pan and pour the agg~ let 0 t the to~ biL" .~.f til ai ~_ [~ l;sis 
on the aggregate sample by separat ing the n ater L[l ir.t') a '" I lCf, of .,'Ir L 'cl 
sizes using such sieves as are necessary to dcterillinc com~lidnce ~lth Lhp 
specifications for the mat~rial. The h~nd sieve op~ration is do~e by lueans 
of a lateral and vertical motion of th<- te '::L. a.::cor..panicd by " jarring 
action so as to keep the m~teriRl moving conti uOLsly ov~r the s'lriace of 
the sieves. In any case, do n ~ turr. or ."._{p'l ,t part:cl r tt.r~ Igh the 
opening,;; of the sie res by hand. Lonti'.'Jf:. he,,' ,;'LJulg' I t.Ll. t} visuul 
observation, no material continues to pass through ,-.le sievt.." in ~se. \Jh~n 
mechanical sieving is used, $Ctak •. ng tiT.le s10uld t.L (:<,1-. .. 0]' ,l.LC. ~I.-;t w~ 11 .• 1CS\lr£> 

proper sieving of the material l!.!.tho·Jt dc·g .. cdat ·"n. ~r.~ 1: tl e th • .HOl",:. ~. of I( 

sieving by the above d(scri~ed methud, 
2. Fill the graduate ~Tith solvent' to a l<.:\.'~1 to cover ~1.e r:.tirf:' 

sample of aggregate. Make an initial rtadlug of the' liquJd hvel and HC)Iu 

on work sheet. Plac~ the ggregat~ retaiL·d on OdC~ &i 'v~ tiZL into the 
gradu[lte, starting \-lith thc largest size. After each size of aggngatC' .is 
placed in the graduate. make a reading f the liquid Itvel pn~ recor~ on 
the work sheet. For highly absotptive a8greg~tLD, ~'cn ~u~ ~&LLVL siz~ of 
aggregates should be added at int-e_vals of dpprJ'in"tpl), ~(J ~ c r(,.o;. . I· 
the liquid level read:lng tuk ~n approximately 15 ~econclE- dH( r a..:h •. ' . t ' .. 
of aggregate, The same timing sho Id be t.sed on ~acl. dt utI t t ~ L t < 

will be comparable. 

Care should be taken to eliminate entrapped air in the graduate, parti Ul8L~y 
after the fine aggregate is added. This can be done by Lently rollin& the 
g~adlJat_e. Q..l;' s.:t;iuJng the ?ggrqgate prior to taking a readj OR of ligt.ic-! :E Vll. 
After each test is completC'd. the solv~nt m'ly b(: decantLC, or filtLr d nJ 
saved for reuse. 

By subtracting the liquid reading prior to the arlJition of each S~Zl of 
aggregate from the liquid rending after the addition of CJtgregat~, tl· v.) 1 UIT. 

of each size of aggreg~te may be determined. This information is to bl 
entered in Column 3 of the ,.,ork sheet. lhe diff('r~lIce ill initi.l dn I 1: !i1dl 
readings wil l be the totul volume of the aggregate. Divi~e each v~l~l~ .)f 
aggrcgate by total aggregate voltlme to determiilc percent r~tain(.d elL _h 
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sieve and enter in Column 4. This percent \Jill be an expression of 
each size as a portion of the total aggregate. This is to be corrected 
to express the portion of each aggregate size a s a portion of the total 
mix including asphalt. The de~ign per~en t of asphalt (by volume) is 
subtracted from 100% to give the percent of the mix made up by the 
aggregate. This percent is to be multiplied by each aggregate fraction 
in Column 4 to give the percent of each size aggr ega te in the total mix. 
These values are to be entered in Column 5. 

The gradation shO\vn in Column 5 is the gradation to be entered on Form 40L~, 
Revised April 1969. This gradation is to be comp ared with design gradation 
and master gradation for compliance with the specifications . 

3-4 
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WO(~l-( SHEET 

Date S-S-eo9 Sample No. 3 _ Design No. /-D 

Time /.'/5 Typo 0 Station I~o . /5/9 +00 

Spec. Item Project __ ~!.:?.3 -4-5 

% Of I\ggregato In' To'iol \,1b~ __ !:20~ 00 %" - "It) Asphalt ) 
InitiGI Roading Of Liquid L.evel ___ ..!5C?,Q __ ml. 

-
I 

'. --
I 2 3 4 5 

Aggrcqofe Size Reading of Liquid Valumo o f Volume of ,Voll.me of 
Level Aff(;r Addifion Aggregofe m!. Aogrcgc.le Aogrc(Jofe 
of A(Jgrc(Jofe ml. .% of Tolol 0/0 of Tofol 

A{i!Jrc(Jofc Mix, ,.... . -- -- - . == _ =~~==--=~===- .:O=;O •. ·~ .=--:-:=.:.:;;,=_=:=-=.",. .:='=--==="",'='-::-.==-= -' 
+ ~ _ 1600 ___ 0 ______ .0 I 0 

~-~ /~35 /35 4.5 4-
.. - --] 3$-4 2795 I/~O 38. 7 34 

d-/O 354.5 750 25.0 r 22 
-J.- /0 3545 2045 &8.2 CoO 

- - ) 1 -
/0-40 3885 340 1/4- /0 

do-80 4/&0 2 7 5 9. / J, 1 8> " 
80 -.200 d3~6 

, 
205 Co.B (p 

-:200 4500 /3_5 4.5 d-

-

-

~. 
I 

, 

I Total 3000 
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llPPENDE V. 

Addendum to Test Method Tex-210-F 



/ 

ADDENDUH TO 

TEST·HETHOD TEX-2l0-F 

DETERMINATION OF ASPHALT CONTEl\1'l' 
OF BITUHINOUS MIXTURES 

BY EX'IRACTION 

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

Procedure: 

1. Complete Test Method Tex-210-F. 

2. Perform Test Method "Volumetric Sieve Analysis of FinE: and 
Coarse Aggregates" on samples taken from the hot bins at the same time 
a sample 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 vo1u.ffic of aggrega te in Step 2 to asphalt volume in Step 5 
to obtain total volume of mix. Dete rmine percentage of asphalt content 
by dlviding asphalt volume by volume of total mix. 

1-1 
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APPENDIX VI. 

Special Provision to Item 6, Control of Materials 



• 

TEXAS HIGHWAY DEPARTMENT 

SPECIAL PROVISION 

TO 

ITEM 6 

CONTROL OF MATERIALS 

For this project, Item 6, IIControl 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 IIpolish Value" of not less than 29 when subjected to tests as specified in 
"Accelerated Polish Test Method for Coarse Aggregate Used in Pavement Surfaces ll 

(attached). This is a quality test for approval of the source and not a job control 
test. 

1-1 006---006 
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Seop;:; : 

ACCELEl~.TED POLISH TES'l' i'illTHOD FOR COARSE 
AGGREGATE USED IN PAVEfJiliNT SURFACES 

This test method describes procedures ~or determining a 
relative measure of the extent to which differen-t types of 
aggregate in the wearing surface will polish under traffic. 

Definitions: 

The "Polish Value" is defined as Jche state of polish reached 
by each sa~ple when subjected to accelerated polish by means of a 
special machine. The tes-t 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-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 
specir:~c:n::~ described b:~lo\-J to be clZ!mlx~d on the periph
ery so z!s to form a continuous surface of stone 
particles, 1 3/4 inches wide and 16 inches in diameter. 

B. A means of rot~l ting the road whee 1 abou·t its own axis 
~t a Sl)(::0d of 315 to 325 rcvolut.ions per minute. 

C. A mC2;'1S of bringing t_he surface of a rubber tired whee 1 
of 8 inch dia~eter and 2 inch width to bear on the stone 
su:cfe.co of -the ro.::,d \,/;',1221 wi,th Cl total load of 88 ± one 
pou,-;c1. 'J."f:C tire shall be an indus-erial 8 x 2 pneumatic 
( ply s~ooth hand truck tire, treated, if necessary, to 
ob~c.ain a true running surface. The tire shall be in
flc.ted to a pressure of (5 plus or minus 2 pounds p2r 
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square inch a nd shall be fre e to rotate about its 
own axis, which shall be p a rallel t o t he a x i s o f 
the road vlhee 1. The plane o f rota-cion of the tire 
shall be in line with tha t of the road wheel. Be
fore a new tire is used o n a test , it shall be 
given a preliminary run of 6 hours with a 150 grit' 
silicon carbide using dummy s pec i mens on the road 
wheel. 

D. A means to feed the 150 gr i t si l ico n. carbide at the 
rates shown' in "Accelerated Polish Test Procedure" 
and in such a way that the silicon carbide grit is 
continuously and uniformly s pre ad o ver the surface of 
the tire and the specimens whe re the y are in contact. 
The grit shall be fed directly onto the road wheel 
near the poin-t of contact with the rubber tired wheel. 

E. A means to feed the wa t er at the r ate shown in 
"Accelerated Polish Tes -t Proce dure" in such a way that 
the water is continuously and uniformly spread over the 
surface of the road wheel near t e point of contact 
with the rubber tired w eel. 

2. Metal r.101ds: A 
number of accura-c:ely machine me -cal molds, f or preparing specimens of 
the dimensions sPecified' i n No. 4 - "Prepa r a tion.of Test Specimen". 

3. Bri-cish Porocable Te ster: 
The British Portab l e Teste r used s hall conform to ASTM 

DesignationE 303-66T with the fol l owing modifications: 

A. The slider co~tact path sha l l be 3" ± 1/16 inch. 

B. r.rhe slider width s hall be 1 1/2 inche s. 

c. r.rhe rubber w}1ic 11 1S b onded to the sl ider shall conform 
to a 1/4 by 1 by 1 1/2 i nch d i mension. 

D'. 'I'he rubber shall meet the requ irements as specified in 
p.sri'...'1 Specification E 249, f or Standard 'l'ire for Pavement 
Tests. 

2- 5 
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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 p:cocedures of AS'I:l1 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 specimens. 

Ha-terials: 

1. \\'ater: A supply of t_ap wa-ter to be spread on the road wheel 
dur ing te s·ting. 

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 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 l',gent: A supply of polyes-cer resin and ca'talyist .• 

6. Coarse Aggregate: Approximately a one-half cubic-foot supply of 
C02rS'2 csg-re92'te t.o be te sted. The aggrega -te shall be normal plan't 
run and labo~atory crushed material shall be tested. 

Test Rcco~d ?or~s: Record test da'ca on an appropriat,e work sheet. 

Test Control: Four specially selected specimens shall be used for 
cO:lt,rol ar.cJ. o~;.J_y thc:~;e four sP2ci:-"e::ls shall be used. The specimens 
s1:d,l J:;c.: !O:e lec·ted fro:" thos(; v.'hich hav2 been previously polished for 
10 nours co:::::o::ming Jco the procednre herein es-c2.blished. The fric-tion 
v2luo (c.s dete~m ined fro~ ~he British Portable Tester) of the speClmens 
shall be in the following ranges: 

Co~trol S~e cicen #1 - 10-20 
Control spccic2n #2 - 20-30 
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The con·trol specimens s h a ll b e te ste d wi th t h e British Portable 
Te ster pri'or t o measuring t h e " p o lish val ue " of the t e st spe cimens. 
Corrections to the polish value wi l l be ma d e on the basis of chan ge 
in friction values found with the c ontrol specimens. 

prepa ration of Test Specimen s : 

1. The aggregate to b e t e s ted should pass the 1/2 inch sieve 
and be retained on the #4 sieve . 

2. Aggregate shall be clean and free of dust. 

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

4. Each speci:-nen shall consi s t of a single layer of particles 
and cover an area of 3.5" x 1.75". 

5. The aggreg'ate particles shall be placed as closely as 
possible in the molds with a flat s urface against the 
bottom of t .he mold. 

6. The interstices bet.ween the stones shall be filled with 
fine sand to 1/4 to 1/2 o f the aggregate dep-th. 

7. weigh the polye s ter resin and c atalyst into a disposable 
cup, add the resin to t h e c at.alyst and mix thoroughly. 
A mixture of 0.5 to 0.75 gra ms o f c atalyst to 50 to 57 
grams of polyester r esin y ie lds sufficient mat~iial for 
one specimen and remains work a ble for 10 minutes. 

8. 'l'he prepared mold is the n filled to overflowing with" the 
polyester bonding agent. 

9. The consistency of t:he polye s·t er should be such as to 
allow it to fl ow fre e ly b e ·tween ·th e particles. 

10. The mold is then left until the polyester has stiffened 
sufficier,"t].y to be str u c k off accurately I level with t h e 
curved sides of the mold. 

11. The S?2 Cl~C n is then l e ft in the mo ld for 3 - 4 h ours to 
allow sufficient h arde n i ng of t .he polyester in o r der 
that the spc:cirr.e n ma y be removed f r om the mold. 
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l ~ 
-.). r~,}:~: s~?3cirJ211 lS t:l12rl rc~?12c2d lD. at:18 rnold for a curir1g 

P;:::::.::i.oc.: of "1 houn:; wi·cn v. V12isht. (confo:cming to the: C 1:-cvcd 
Si3.2 s) on .1":.:1e iC'.old t.o L,su:r.e p:CO[J2:C curvature of thr·. 

Sl)2Cir~~G~ u,l?on re~i.l0val. 

~ccclcrat2d Polish Test Procedure: 

1. D2t2r~i~a the friction value of the control speci~cns 
£0:: cor~ec·::io~l p:.lrpOSeS as e2<:l:Jla.ined in t.r.l.G IiTes~~ 

Co,-:.trol" p::.:.ragraph. 

2. D2~2rmi~e the original f:ciction number of the prepared 
t2S·C. sp-:';Ci~~~~2ns as eXl)lait:~ec1 in .l~ST~/l D2si9'~lat:ion E 303-66T 
a:1d ~.~()diii2Cl by pa.:cagraph 3 uApP2..:ca::::G.s II. 

3". ?Q~:::-~C.22:1 ·s~)2ci:-~"'2:t~S sl-;,.all D2 clarctp2d around ttle p8:ci?rle:CY 
of the ro~d wheel using rubber a-rings near the edges of 

r 
-".: . ·?~2 outer surface of t~e sp2ci~2ns shall then for~ a 

co~tinuous strip of particles upon which the pneu~atic
tired wheel shall ride freely without bumping or slip?i~g. 

6. 

7. 

s. 

a~d ~he p~cu~a~ic-tired wheel s:'12..11 be ~~Ol:S:-:':~ 

with a total load o~ th2 s~rface of the specimen 
of "=- ?ound. 

shall b2 co~tinuously fed 
a~ con~tant rate of 16 ± ( grams per minute fo= a test~ng 

ti~e of nine hours. Water shall be fed at a rate of 75 ~ 

~.l. per ~inute. 

- . 
C ~c:.: ::.~.-.. ::...;~c; I 
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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 aggrega te in the wearing surface will polish 
under traffic. 

Definitions: 

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

(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 describ ed 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 spe~d 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 ~hall 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 ISO-grit silicon carbide using 
dummy specimens on the road wheel. 

D. A means to feed the ISO-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 a t t he r a te shown i n "Accelerated Polish Test 
Procedure" in such a way that the water i s ~ont inuDu sly and uniformly 
spread over the su r f ace of the road whee l nea r t he point of contact 
with the rubber-tired wheel. 

2. Metal Molds: 

A number of accurately-machined me t al molds fo prep ring specimens of the dimen
sions specified in No.4 - "Preparation of Te st Specimen". 

3 . British Portable Tester: 

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

A. The slider contact path shall be Y' ± 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 requirement s a s specified in ASTM Specifica
tion E 249, for Standard Tire for Pavemen t 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 polyes t er mold-release agent used to pre-
prevent bond between the mold and polyes t er . 

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 s pecimens 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 #3 
Control Specimen #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 found with the control 
specimens. 

Preparation of Test Specimens: 

1. The aggregate to be tested should pass the 3/8-inch sieve and be retained 
on the ifr4 sieve. 

2. Aggregate shall be clean and free of dust. 

3. The mold shall be coated with an app1ication(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. 

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

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

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-Po1ish-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 a-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-~arbide 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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APPENDIX VIn. 

Special Provision 026 to Item 330 



TEXAS HIGHWAY DEPARTMENT 

SPECIAL PROVI SION 

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 Asphalc. 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 t o 35 percent of material 
with a naturally-impregnated-asphalt content of less than 1 percent. The por
tion of the material retained on the No. 4 sieve f or 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 cours e 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 t he 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 mixt ure 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 volume 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 m1x1ng plant and prior 
to addition of asphalt and mineral filler, shall have a sand equivalent value of 
not less than 45, unless otherwise shown on plans, when tested in accordance with 
Test Method Tex-203-F. 

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

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

That portion of the coarse aggregate composed of synthetic aggregate shall meet the 
following requirements: The dry loose unit weight shall be at least 35 pounds per 
cubic foot, when tested in accordance with Test Method Tex-404-A. The "Aggregate 
Freeze-Thaw Loss" shall not exceed 15 percent when tested in accordance with Test 
Method Tex-432-A, Tentative. This requirement may be waived when, in the judge
ment of the Engineer, the asphaltic concrete will not become exposed to 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-217-F (Part II, Decantation) shall not exceed 

2103.00 

1-17 
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-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. 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 Engi~eer; 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 ~rcent. 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 (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-2l7-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-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 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-4l3-A (Particle Count). 
The coarse aggregate for Type "K" shall be composed of two separate materials. 
One shall have an abrasion of not more than 30 percent and the other shall have 
an abrasion of not less than 30 percent and not more than 40 percent when subject
ed to the Los Angeles Abrasion Test. Also, the abrasion of the two different 
materials shall differ by at least 10 precent. The aggregates shall be combined 
in such a manner that the total coarse aggregate including any coarse aggregate 
contained in the fine aggregate stockpile shall be a mixture of material, 45 to 
55 percent (based on volume) of which will have a Los Angeles Abrasion loss of not 
more than 30 percent, and the remainder will have a Los Angeles Abrasion loss of 
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not less than 30 percent and not more than 40 percent. If gravel is used for 
Type "K", it shall be so crushed that 90 percent of the particles retained on the 
No.4 sieve shall have more than one crushed face. 

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

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

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

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

Sand shall be composed of durable stone particles free from injurious foreign mat
ter. Screenings shall be of the same or similar material as specified for coarse 
aggregate. The plasticity index of that part of the fine aggregate passing the 
No. 40 sieve shall be not more than 6 when tested by Test Method Tex-l06-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% 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 oi l aspha l t as de termi~ed by the Engineer and shall 
meet the requirements of the Item, "Asphalts, oi l s arl Emulsions". The grade of 
asphalt used shall be as designed by the Engineer after design tests have been 
made using the mineral aggregates that are to be used in the project. If more than 
one type of asphaltic concrete mixture is specif i ed for the project, only one grade 
of asphalt will be required for all type s of mixtures, unless otherwise shown on 
plans. The Contractor shall notify t he Engineer of the source of his asphaltic 
material prior to production of the aspha l t i c mixt ure 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 mater ial f or tack coat shall meet the re
quirements for emulsified asphalt EA-11M, cut- back asphalt RC-2, or shall be a 
cut-back asphalt made by combining 50 to 70 per cent 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 addit i on of an approved grade of gasoline 
and/or kerosene, not to exceed 15 percent by vo l ume. Asphaltic materials shall 
meet the requirements of the Item, "As pha l t s, Oils and Emulsions". 

3. Paving Mixtures. 

(1) Types. The paving mixtures shall consis t of a uniform mixture of coarse 
aggregate, fine aggregate, and asphaltic mater i a l . 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 t he limitations for master grading 
given below for the type specified. 

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

Passing 2" s1e,ve ••••••••••.•• ••• • • •• •• • ••• • • •••.• 
Passing 1-3/4" sieve •.....•........ . ... ..... . .. • • 
Passing 1-3/4" sieve, retained on 7/8" sieve .. . . 
Passing 7/~' sieve, retained on 3/~' 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. (Absolut e 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" seive, retained on No.4 sieve ••••• 
Passing No.4 &ieve, retai~ed on No. 10 siev.e . • • 
Total retained on No. 10 sieve ...... . .......... . 
Passing No. 10 sieve, retained on No. 40 sieve •• 
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95 
20 
10 

5 
55 

0 

100 
to 100 
to 50 
to 40 
to 25 
to 70 
to 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 be form from 8 to 16 percent of 
the mixture by volume. (Absolute Volume) 

Type "c" (Coarse Graded Surface Course): 

Passing 7/8" sieve ••....•... ....... .. . . .... .. • .. •. 
Passing 5/8" sieve .•....... . ... . ................ . . 

100 

Passing 5/8" sieve, retained on 3/8" sieve .•...... 
Passing 3/8" sieve, retained on No.4 sieve .•.. . .. 
Passing No.4 sieve, reta ined 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 to 
10 to 
10 to 
50 to 

to 100 
40 
35 
30 
70 
30 
25 
25 

o to 
4 to 
3 to 
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" 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 sieve ••.•...•...... .. ..• 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 sieve . ..... ..... ... .••... ..... ... . 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 , re tained 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 liE" Mod. (Sheet Asphalt Surface Course): 

Coarse aggregates for Type "E" Mod. Shall be crushed material 
slag aggregate and crushed stone. Fine aggregate shall be as 
this specification. 

or a combination of 
shown elsewhere in 
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The master grading for Type "E" Mod. (Sheet Asphalt Sl'l:'face Course) shall be as 
follows unless otherwise shown on plans: 

When Slag Aggr. 
is Used 

% by Abso1. Vol. 

When Crushed 
Material is Used 

% by Abso1. Vol. 

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

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

011 No. lOs ieve ••..•...... 
Total Retained on No. 10 sieve •.......•• 
Passing No. 10 sieve, retained 

on No. 40 sieve ••........ 
Pas s 1ng No. 200 sieve ••................. 

100 
95-100 

15- 50 

10- 30 
35- 60 

15- 50 
2- 10 

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): 

Passing 3/8" sieve •......................................• 
Passing 1/4" s1eve ••..........•.......•................... 
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" S 1eve ............................................................................ 
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 sl.eve~ .••.••••••••••••••.•••••••••••.••.. 

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 At.Bol. 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 l ~sted 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 Abso!' Volume 

Passing 1-3/4" sieve, retained on 7/8" sieve •............... plus or minus 5 
Passing 7/8" sieve, retained on 3/8" sieve •.. ............ ... plus or minus 5 
Passing 5/8" sieve, retained on 3/8" sieve •................. plus or minus 5 
Passing 3/8" sieve, re tained on No. 4 sieve •................ plus or minus 5 
Passing 1/411 sieve, retained on No. 10 sieve ................ plus or minus 5 
Passing No. 4 sieve, retained on No. 10 sieve .• . . ...... ..... plus or minus 5 
Total retained on No. 10 sieve ... ... .. .... .. .. . ..... .......• 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 grdding 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 whe n 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 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 the aggregate to the desired or specified temperature, on residue from the fuel 
shall adhere to the heated aggregate. A recording thermometer shall be provided 
which will record the temperature of the aggregate when it leaves the dryer. The 
dryer shall be of sufficient size to keep the plant in continuous operation. 

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

Type "A" (Coarse Graded Base Course) : 

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

Bin No. 2-- - wil l contain aggregates of which at l eas t 70 
percent will be of such size a s to pass the 
3/8-inch sieve and be re tained on the No . 10 
s ieve. 

Bin No. 3--- will contain aggregate s of which a t l eas t 75 
percent will be of such size as to pass the 
7/8-inch sieve and be retained on t he 3/8-
inch sieve. 

Bin No. 4- -- wi ll contain aggregates of which at l east 75 
percent wi ll be of such size as to pass the 
2-inch s ieve 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 
perce nt wil l pass the No. 10 sieve . 

Bin No. 2-- - wil l contain aggregates of which at l eas t 70 
percent wi ll be of s uch size as to pass t he 
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 t he 
3/8-inch sieve and be retained on the 1/4" 
sieve. 

Bin No. 4--- will contain aggregate s of which a t least 75 
percent wil l be of such size as to pass the 
1 inch s ieve and be retained on the 3/8-inch 
sieve . 

Type "c" (Coarse Graded Surface Course): 

Bin No. 1--- will conta in 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" s ieve and be retained on the No. 10 s i eve. 
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Bin No. 3 --- will contain aggregates of which at least 75 
percent will be of such size as ~o pass the 
3/8" sieve and be re ta ined on the 1/4" sieve. 

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

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

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

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

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

Type "E" (Sheet Asphalt Surface Course): 

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

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

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

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

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

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

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

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

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

(b) Continuous Mixing Type~ 

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

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

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

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

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

Mixer. The mixer shall be of the pug mill continuous type and shall have 
a capacity of not less than 30 C.Y. of aggregate per hour. Any mixer that has a 
tendency to segregate t he 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. Aspha ltic material heating equip
ment shall be adequate to heat the amount of asphaltic material required to the 
desired temperature. Asphaltic material may be heated by steam coils which will 
be absolutely tight. Direct fire heating of asphaltic materials will be permitted, 
provided the heater used is manufactured by a reputable concern and there is pos
itive circulation of the asphalt thoroughout the heater. Agitation with steam or 
air will not be permitted. The heating apparatus shall be equipped with a record
ing thermometer with a 24-hour chart that will record the temperature of the as
phaltic material when it is at the highest temperature. 

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

Any vehicle which the finLshing 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 machihe can be mechanically and/or automatically operat
ed in such a manner that overloading the finishing machine being used cannot occur 
and the required lines and grades will be obtained without resorting to hand finish-
ing. 

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

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

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

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

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

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

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

(9) Three Axle Tandem Roller. This roller shall be an acceptable power driven 
three axle roller weighing not less than 10 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 abrasion characteristics as herein specified. The two stockpiles may 
be of the same or similar gradation. 

No coarse aggregate stockpile shall contain more than 20 percent be weight of 
material that will pass a No. 10 sieve except as noted on the plans or provided 
for by special provision. Fine aggregate stockpiles may contain small coarse 
aggregate in the amount of up to 30 percent by weight; however, the coarse aggre
gate shall meet the quality tests specified herein for "Coarse Aggregate". Suit
able equipment of acceptable size shall be furnished by the Contractor to work the 
stockpiles and prevent segregation of the aggregates. 

(2) Storage and Heating of Asphaltic Materials. The asphaltic material storage 
shall be ample to meet the requirements of the p1anto 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 o 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 us ing 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 Typ,- Mixer. In the charging of the weigh box and in the charg
ing of the mixer from the weigh box, such methods or devices shall be used as are 
necessary to secure a uniform asphaltic mixture . In introducing the batch into the 
mixer, all mineral aggregate shall be introduced first; shall be mixed thoroughly 
for a period of 5 to 20 seconds, as directed, to uniformly distribute the various 
sizes throughout the batch before the asphal tic naterial is added; the asphaltic 
material shall then be added and the mixing continued for a total mixing period of 
not less than 30 seconds. This mixing period may be increased, if, in the opinion 
of the Engineer, the mixture is not uniform. 

(b) Continuous Type Mixer. The amoun t 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 gradi ng 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 her ein specified. 

(d) The asphaltic mixture shal l be at a temperature between 225 F. and 
350 F. when dumped from the mixer. The Engineer will determine the temperature, 
within the above limitations, and the mixture when dumped from the mixer shall not 
vary from this selected temperature by more than 25 F. 

6. Construction Methods. The prime coat, tack coat or the asphaltic mixture when 
placed with a spreading and finishing machine, shall not be placed when the air 
temperature is below 50 F. and is falling, but it may be placed when the air tem
perature is below 40 F. and is rising. The asphaltic mixture when placed with a 
motor grader, shall not be placed when the air temperature is below 60 F. and is 
falling, but may be placed when the air temperatur e 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 mixt ur e 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 applicat ion shall be as provided above. The 
tack coat or asphalt concrete shall .not be applied on a previously primed flexible 
base until the primed base has completely cured to the satisfaction of the Engineer. 

(2) Tack Coat. Before the asphaltic mixture is laid, the surface upon which 
the tack coat is to be placed shall be cleaned thoroughly to the satisfaction of 
the Engineer. The surface shall be given a uniform application of tack coat under 
"Asphaltic Material" of this specification. This tack coat shall be applied, as 
directed by the Engineer, with an approved sprayer at a rate not to exceed 0.10 
gallon per square yard of surface. When the mixture will adhere to the surface on 
which it is to be placed without the use of a tack coat, the tack coat may be elimi
nated by the Engineer. All contact surfaces of curbs and structures and all joints 
shall be painted with a thin uniform coat of the asphaltic material used for the 
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tack coat. The tack coat shall be rolled with a pneumatic tire roller as direct
ed by the Engineer. 

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

(4) Placing. 

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

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

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

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

(5) Compacting. 

(a) As directed by the Engineer, the pavement shall be compressed thor
oughly and uniformly with the specified rollers. 

(b) Rolling with the three wheel and tandem rollers shall start long
itudinally at the sides ans proceed toward the center of the pavement, overlapping 
on successive trips by at least half the width of the rear wheels, unless otherwise 
directed by the Engineer. Alternate trips of the roller shall be slightly different 
in length. On super-elevated curves, 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 o 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 ~hall not be allowed to stand 
on pavement which has not been fully compacted. To p~event adhesion of the surface 
mixture to the roller, t~e 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 
lIS-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 lIS inch deviation in 10 feet require
ment may be waived by the Engineer. 

(7) Opening to Traffic. The pavement shall be opened to traffic when direct
ed by the Engineer. All construction traffic allowed on the pavement shall comply 
with the State laws governing traffic on highways. 

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

7. Measurement. 

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

W 
v = 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 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 measured at the point of application on the 
road in gallons at the applied temperature. When gasoline and/or kerosene is added 
to the cut-back asphalt for tack coat, as ordered, measurement will be made after 
mixing. 

8. Payment. 

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

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

(3) The prime coat, performed where required, will be measured and paid for 
in accordance with the provisions governing the Item, "Prime Coat". 

(4) All templates, straightedges, scales and other weighing and measuring 
devices necessary for the proper construction, measuring and checking of the work 
shall be furnished, operated and maintained by the Contractor at his expense. 
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APPENDIX X. 

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



, . 

TEXAS HIGHWAY DEPARTMENT 

SPECIAL SPECIFICATION 

HOT-MI X COLD-LAID ASPHALTIC-CONCRETE PAVEMENT 
(Volumeteric Design) 

1 . Descrip t i on. Fo r Proj ect C 49-8-29, etc, this item shall cons i st 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 mixt ure of mineral 
aggregate and asphal t ic ma t erial . 

The pavement sh all be cons t r ucted on the previously completed and approved subgrade, 
base, existing pavement, bituminous surface, or in t he case of a bridge, on the 
prepared f l oor s l ab , as herein specified and in accordance with the detail shown 
on the pla ns. 

2 . Mate r ials. 

(1) Miner al Aggregate. The mi neral aggr egate shall be composed of a coarse 
aggregate, a f i ne aggregate, and if requir ed, a minera l filler .. Samples of coarse 
aggregate, fine aggr ega t e , and minera l f il le r shall be submitted in accordance with 
the methods prescr i bed in I t em 6 of t he St andard Specifications, and approval of 
both the material and t he source o f supp ly must be obt ained from the Engineer prio r 
to delivery . 

The combined mineral aggrega t e , af t e r final processi ng by t he m~x~ng plant and prior 
to addit i on of as phalt and minera l f iller, sha l l have a sand equivalent value of 
not l e s s t h an 45, unle ss othe r wise s hown on pl ans, when te s t ed i n accordance with 
Test Me thod Tex- 203- F. 

(a) Coar se Aggregate. The co arse aggregate sha l l be tha t part of the 
aggregate ret a i ned on a No. 10 sieve ; s hall consist of clean, tough, durable 
fragments of s tone , crushed blast fu r nace slag, crushed grave l , gravel, slag ag
gregate (produced fro m burning coal), crushed limestone rock asphalt, synthetic 
aggregate (her e i n defined as aggregate produced by fusing raw shale or clay in a 
rotary kiln unde r i ntense heat into predominately amorphous s il icate), or 
combinations ther eof , a s he r e i nafter specified, and o f unifo r m qua li ty t hroughou t. 

For al l coarse aggrega t e, the amount o f organi c matter , clay, loam, or particles 
coated t he r ew ith, or o t her undesir able materials shown in the plans, when tested 
in accordance with Tes t Method Tex-2l7-F (Part I , Separat i on o f Dele t erious 
Material ) sha ll not exceed 2 percent. 

That po r tion o f the coar s e aggregate composed of synthetic aggregate shall meet 
the fo l lowing r e quir ement s : The dry loose unit weight shall be at least 35 pound s 
per cubic foot, when tested in accord ance with Tes t Method Tex- 404-A. The "Aggre
gate Freeze-Thaw Los s " shall not exceed 15 percent when tested in accordance with 
Test Method Tex-432-A, Tentat ive. Th i s requirement may be waived when, in the 
judgment o f the Engi neer , t he aspha l t i c concre t e wi ll not become exposed to freezi ng 
and thaw ing. The "Pr e ssure Slaking value" s ha ll no t exceed 6 percent when tested 
in accordance with Test Me t hod Tex-43l-A, Tent ative . 

When it i s s pec i fied that t he coarse aggre gate be sampl ed dur ing delivery to the 
plant, f rom t he stockpile , or from the co ld bi ns , the ma t e r ia l removed when tested 
in accordance with Test Method Tex-2l7-F (Part I I, De c antation) shall not exceed 2 
percent. 
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The plasticity index of tha t par t of the fine 6gregate 
contained in the coarse aggregate passing the No. 40 sieve 
shall net be mor~ than 6 when tested by Test Method Tex-l06-E. 
However, where the coarse aggregate conta i ns 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 wri t ing . 

Where the fine aggregate in t he coarse aggregate is the 
same or similar material as the coarse aggregate and the P.I. 
of the material passing the No . 40 s i eve exceeds 6, the 
Contractor may if he so elects use the material, provided 
the material is processed in a manne r 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 wi l l be d i sposed 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 Eng i neer in writing. 

The point of sampling for Test Metho d Tex-217-F (Part I and Part II) will be 
as shown on the p lans. 

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

The coarse aggregate shall have an abrasion o f not more than 40 percent loss by 
weight, unless otherwise shown on plans, when s ubjected to the Los Angeles 
Abrasion Test, Test Method Tex-410-A, except f or 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 
i s used for Type "F", it shall be so crushed t hat 90 percent of the particles re
tained on the No . 4 sieve shall have more than one crushed face, when tested in 
accordance with Test Method Tex-413-A (Particle Count) . 
The coarse aggregate for Type "K" shall be composed of two separate materials. 
One shall have an abrasion of not more than 30 percent and the other shall have. 
an abrasion of not less than 30 percent and not more than 40 percent when sub
jected to the Los Angeles Abrasion Test. Also, the abrasion of the two different 
materials shall differ by at least 10 percent. The aggregates shall be combined 
in such a manner that the total coarse aggregate including any coarse aggregate 
contained in the fine aggregate stockpile shall be a mixture of material, 45 to 
55 percent (based on volume) of which will have a Los Angeles Abrasion loss of 
not more than 30 percent, and the remainder will have a Los Angeles Abrasion 
l oss 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 f or the Los Angeles Abrasion Test shall be wa ived for 3lag 
aggrega te produced from burning coal . . 

Where coarse aggregates are supplied from two or more sources, aggrega te from 
each source sha ll be tested for compliance with Los Angeles Abrasion re
quirements prior t o being combined with other aggregates . 

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

In addition to the above requirements the coarse 
or fin ish course shall have a "Polish Value" of 
to tests as specified i n 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 Va l ue " 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 compo sed of durable stone particles free from i njurious foreign 
matter. Screenings shall be of the same or similar ma t erial as specified for 
coarse aggregate. The pl as t icity index of that part of the fine aggregate passing 
the No . 40 sieve shall be not mo r e than 6 when t ested by Test Me thod Tex-I06-E. 
Fine aggregate fro m e ach source shall meet the P.I. requirement . 

Where stone s creenings are specified for use , the stone screenings shal l meet 
the fo llow i ng grad ing requirements, unless otherwise shown on plans: 

Passing the 3/8" s i eve ..... ........ . ....... . 100% by weight 
2 - 30% by weigh t Passing t he 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 mater i al passing the 
3/8" s i eve shall be considered as ful fil ling the requirements fo r screenings 
when a minimum percentage of stone screenings is specified for a particular 
mixture. 

Where limestone rock asphalt screenings are spe cified for use, they may be 
pit run. 

(c) Mineral Fil ler. The minera l filler shall consist o f t horoughly 
dry stone dust, slate dust, portland cement, fly ash , or other mi nera l dust 
approved by the Engineer. The mine ra l filler sha ll be f r ee from fo reign and 
othe r injurious matter. 

When t e sted by Test Me thod Tex-200-F (Part I, Dr y Sieve Analysis ) it shall meet 
the following grading requirements, unless other wi se shown on plans: 

Passing No. 30 sieve .................... . 
Passing No. 80 sie ve, not less than 
Passing No. 200 s i e ve , not less than 

(2) Asphaltic Materia l . 

95-100% by we i ght 
75/0 by weight 
55% by weigh t 

(a) Paving Mixture . As phalt for the paving mix ture shall be of the 
types of oil asphalt or asphal tic cement as determined by the Engineer and 
shal l meet the requirements of the Item, "As phalts, Oils and Emul s ions". 
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The grade of asphalt used shall be as designated by the Engineer after design 
tests have been made u~ .:ng the mineral aggregates that are to be used in the 
project. If more than one type of as phal t ic concrete mixture is specified for 
the project, only one grade of asphalt wil l 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 Engi neer . 

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

3. Paving Mixtures. 

(1)~. 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 shal l 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 fo r the type specified. 

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

Passing 2" S1eve ............. . .. ... . . .......... 100 
Passing 1-3/4" S1eve .............. .. ........... 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 shal l form fr om 7 to 14 percent of 
the mixture by volume. (Absolute Volume) 

Type "BB" (Fine Graded Base or Leve l i ng- Up Course): 

Passing 1" s1-eve ................• •.... ......•.•.. 
Passing 7/8" sieve ......... . . . . ...... . . .... . .... . 
Passing 7/8" sieve, retained on 3/ 8" s i eve .•..... 
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 to 
20 to 
10 to 

5 to 
55 to 

0 to 

100 
100 

50 
40 
25 
70 
30 
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Passing No. 40 sieve , r e t ained on No. 80 sieve 
Passing No. 80 sie ve, r e t ained o n No . 200 s i eve ... 
Passing No. 200 s ieve •...........•.. . ............. 

4 to 20 
3 to .20 
o to 6 

The asphaltic materia l shal l form from 8 to 16 percent of 
the mixture by volume. (Absolute Vol ume) 

Type "CC" (Coarse Graded Surface Course): 

Pas sing 7/8" sieve .•.. . ............ . ............... 
Passing 5/8" s i eve ... . . . ............• . ...........•. 
Passing 5/8" sieve, r etained on 3/8" s i e ve •.......• 
Passing 3/8" sie ve , r e t a i ned on No. 4 sieve .•...... 
Passing No.4 sieve , re tained on No. 10 s i e ve .••••. 
Tota l retained on No. 10 sie ve .• . ......... . ......•. 
Passing No. 10 s i eve , re t a ined on No. 40 sieve .•... 
Pa s sing No. 40 sie ve, reta ined on No. 80 sieve •.... 
Passing No. 80 s ieve , r etaine d on No. 200 sieve ..•. 
Pas sing No. 200 s ~eve .. • .•...................•. . .•• 

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

The asphaltic ma t e rial shall form from 8 to 16 percent o f 
the mixture by volume . (Absolute Volume) 

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

Passing 1/2" S 1e ve ................................. 
Pass i ng 3/8" sl.e ve ............•....•......•••.....• 95 to 
Passing 3/8" sieve , r e t a ined on No. 4 s i e ve ..•.... 20 to 
Passing No. 4 sieve, retained on No. 10 s ieve . . ..•. 10 to 
Total retained on No. 10 s ieve ............... ... ... 50 to 
Passing No. 10 s i eve, r e tained on No. 40 sieve .. . .. 0 to 
Passing No. 40 sieve , reta ined on No. 80 sie ve ..... 4 to 
Passing No. 80 sie ve, retained on No. 200 sieve ...• 3 to 
Passing No. 200 s i e ve . . . ........................... 0 to 

100 
100 

50 
30 
70 
30 
25 
25 

6 

The asphaltic mater ial shall form from 9 to 19 percent of the 
mixture by volume . (Abso lute Volume) 

Type "DD"(Sheet Asphalt Sur f ace Course): 

Passing No. 4 s i e ve . .. . ...........................• 100 
Passing No. 4 sieve, r e t a ined on No. 10 sie ve ...... 0 to 
Passing No. 10 s i eve, re t ained on No. 40 sieve ..... 15 to 
Pas s ing No. 40 s i eve , r eta ined on No. 80 s i e ve ..••. 20 to 
Passing No. 80 s i eve, retained on No. 200 s ie ve .... 12 to 
Passing No. 200 sieve .............................. 7 to 

The asphaltic material sha ll 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 spec i fication. 
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The master grading for Type"EE" Mod. (Sheet Asphalt Surface Course) shall 
be as follows unless otherwise shown on plans: 

When Slag Aggr. 
is Used 

% by Abso!' Vo!' 

Passing 1/2" Sieve.................. 100 
Passing 3/8" Sieve ............•.•..• 95-100 
Passing 3/8" sieve, retained 

on No. 4 seive ......... 15- SO 
Passing No.4 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- SO 
Passing No. 200 sieve •......•.....•• 2- 10 

When Crushed 
Material is Used 
% by Absol. Vol. 

100 
95-100 

15- SO 

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 
Abso!' Vo!' 

Passing 3/8" sieve ................................ . 
Passing 1/4" s1eve ...........................••.•.•• 
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 ie ve ..................... 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 "MM" (Requirements as shown on Plans); 

100 
100 

70 
25 
12 
10 

6 

100 
100 

SO 
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 f or coarse aggrega te 
Master grading and r ange of asphalt cont e nt. 
Density 
Stability 
Number of hot bins and gradat ion of aggrega tes in each bin. 

Mas ter gr adings for the type s of mi xtures lis t ed above are based on the 
absolute volume of the aggregate particles within the var ious sie ve s i zes and 
absolute volume of the asphalt a t 77 F. 

The Engineer will make laboratory mix designs from s amp le s of materia l s pr oposed 
for use by the Contractor. After an acceptable mi x ture meeting vo l umetr i c 
grading requirements is determined , the Engineer wil l furnish the Co ntrac tor 
with proportions of each material t o be used based on weight. 

(2) Primer. " The use of an as phalt primer, when approved by the 
Engineer , will be permitted. In t he e vent the as phalt primer i s used, t he 
hydrocarbon volatile content of the asphaltic concre te, as dete rmined in ac
cordance with THD Bulletin C-14, sha ll not exceed 0.6 percent of the mixture 
by we i ght. The a sphalt content of t he primer shall be included in the total asphalt 
conten t of the paving mixture. 

(3) Water. Water in an amount not to exceed 3 percent of the mixture by 
weight as determi ned in ac cordance with THO Bulletin C-14 may be used in preparing 
the mixture. In the event water i s 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 Pl ants. The materials may 
some central mixing plant and shipped ready for use. 
workable a sufficient period of time to permit prope r 
will not be acceptable. 

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

(5) Tolerance s . The Eng ineer shall de s i gna ted the weight of each s ize 
of aggrega te and weight of asphalt which will produce an acceptable mixture 
within master volumetr ic grad ing r equirements. 

The paving mixture produced sha ll no t vary from the designated grading and 
asphalt content by more t han the tolerances allowed herein and shall remain 
withi~ the limitations of the master grading specified. The respective t o lerances, 
based on the percent by volume of t he mixture, are listed as follows: 

Percent by 
Absol. Vol. 

Passing 1-3/4" sieve, reta ined on 7/8" sieve •..........•.. plus or minus 
Passing 7/8" sieve, r e t a i ned on 3/8" sieve •............... plus or mi nus 
Passing 5/8" sieve, retained on 3/8" sieve •............... plus or mi nus 
Passing 3/8" sieve, retained on No. 4 sieve •.............. plus or minus 
Passing 1/4" sieve, retained on No. 10 sieve •............. plus or minus 
Passing No. 4 sieve, reta ined 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 mi nus 
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: 

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

Type EE 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 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 b i n. The pr oportioning device 
sha ll be such as will provide a uniform and cont inuous flow of aggr egate in t he 
desired proportion to the dryer. Each aggregate sha l l be proportioned in a 
separate compartment. 

Dryer. The dryer shall be of the type that continually ag i tates the 
aggregate during heating and in which the tempera ture can be so contro l led that 
aggregate will not be injured in t he necessary drying and heating operations 
r equir ed t o obta i n a mixture of t he specified temperature . The burner , or com
bina tion of burne rs, and type of f uel used sh a ll be such t ha t in the process of 
he ating the aggregate to the desired or specified t empera t ure , no residue from the 
f uel shall adhere to the he a t e d aggregate. A r ecordingchermome t er shall be 
provided which will r e cord the t emperature of the aggrega t e when i t l eaves the 
dryer. The dryer shall be of sufficient s i ze t o keep the pl an t in continuous op
erat ion. 

Screening and Pro por tioning. The screening capacity and size of the 
bins sha ll be su f ficient to scr een and s tore the amount of aggregate required t o 
properly operate the plant and kee p the plant in con t inuous oper ation at ful l 
c a pacity. Provisions shall be made to inable i nspection force s to have easy and 
s afe aCcess to the proper location on the mix ing plant where re presen tative 
samples may be taken from the hot bins for t es ting. The aggr egate shall be sep
ara t ed into at least four bins when producing Type "AA", Type "BB", and Type "CC " 
mixtures; at least three bins when producing Type "DD" and Type "KK" mi xtures; and 
at least two bins when producing Type "EE", Type "EE" Mod ., and Type "FF" mixtures . 
If mineral filler is needed, an additional bin sha ll be pr ov ided. These bins 
shall contain the following sizes of aggregates which shall be us ed on " Percent 
by Volume" when synthetic aggregate is used and "Pe r c ent by Weight" when other 
aggregates are used: 

Type "AA" (Coarse Graded Base Cour se ): 

Bin No. 1 --- will contain aggregate s of which 85 t o 100 percent will pass 
the No. 10 sieve. 

Bin No. 2 --- will cont ian aggre gates of which at le as t 70 perce nt wi l l be 
of such si ze as to pass the 3/8= inch sieve and be re t ained on 
the No. 10 sieve . 

Bin No. 3 --- will cont a in aggrega te s of whic h at least 75 percent wil l be 
of s uch size as to pass the 7/8- i nch s i eve and be re ta i ned on 
the 3/8-inch sieve. 

Bin No. 4 --- will contain aggregates of which at l eas t 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 percen t will pass 
the No. 10 sieve. 

Bin No. 2 --- will contain aggregates of which a t least 70 percen t wi l l 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 r etained on 
the ~" sieve. 
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Bin No. 4 --- will contain aggregates of which at least 7~ 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 si~e 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 1,;" 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 1,;" 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 uniformly and continuously into the mixer. 

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

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

(2) Asphaltic Material Heating Equipment. Asphaltic material heating equipment 
shall be adequate to heat the amount of asphaltic material required to the desired 
temperature. Asphaltic material may be heated by stearn 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 ... hart that will record the temperature of the asphaltic mat
erial when it is at the highest temper a ture. 

(3) Spreading and Finishing Machine . The s preading and finishing machine shall 
be of a type approved by the Engineer, shall b e capable of producing a surface that 
will meet the requirements of the t ypical cross s e ction 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 finish i ng machine. The finishing 
machine shall be equipped with a flexi ble s pring and/or hydraulic type hitch suffici
ent in design and capacity to maintain contact b etween the rear wheels of the hauling 
equipment and the pusher rollers of the finish ing machine while the mixture is being 
unloaded . 

Any vehicle whi ch the finishing machine cannot push or propel in such a manner as to 
obtain the desired lines and grades without r esorti ng 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 t he fi nishing machine being used cannot oc
cur and the required lines and grades will be ob tained without resorting to hand 
finishing . 

Dumping of the asphaltic mixt ure 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 i n s uch manner t hat substantially all of the 
mixture deposited on the roadbed is picked up and pl aced in the finishing machine 
without contamination by foreign materia l of the mixture. The loading equipment will 
be so designed and operated t hat t he f inishing ma ch i ne being loaded will obtain the 
required line, grade, and surface wi t hout r esort ing to hand finishing. Any op
eration of the loading equipment result i ng in the accumulat i on of material and the 
subsequent shedding of this material into the as phal tic mixture will not be per
mitted. 

(4) Forms. The use of forms will not be requir ed except where necessary to 
support the edges of the pavement during r olling . If the pavement will stand 
rolling without undue movement, binder twi ne or small rope may be us ed 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 r ol lers shall be an acceptable medium pneuma
tic tire roller conforming to the requirements of the Item, "Rolling (Pneumatic 
Tire) II ,Type B unless otherwise specified on pl ans . 

The tire pressure of each tire shall be adjus t ed 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 shal l 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 
proVls10n. 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 fu~d 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 

13-17 
2104.000 

10-70 



of more than 400 F. 

(4) Proportioning. The proportioning of the various materials entering into 
the asphaltic mixture shall be as directed by t he Engineer in accordance with 
these specifications. Aggregate shall be proport ioned by weight using the weigh 
box and batching scales herein specified when t he weight-batch type of plant is 
used and by volume using the hot aggregate pr oportioning 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 char ging of t he 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 asphal t i c mixture. In introducing the batch 
i nto 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 mixi ng 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 t he specified grading and asphalt content 
will be produced. 

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

(d) The asphaltic mixture when pl aced cold shall be at a temperature 
between 145 F and 275 F when dumped from t he mixer. The Engineer will determine the 
t emperature within the above limitations t ha t t he mi xture 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 end the mixture when dumped from the mixer shall not 
vary from this selected temperature more t han 25 F. 

6. Construction Methods. When mixture is to be pl aced 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. 

Wh en the mixture is to be placed hot, the pr ime coat , t ack 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 t he air temperature is below 60 F and 
i s falling, but may be placed when the air temperat ure is above 50 F and is rising. 
The air temperature shall be taken in the shade away f r om artificial heat. It is 
further provided that the prime coat, tack coat or asphaltic mixture shall be placed 
only when the humidity, general weather condi t ions and temperature and moisture 
condition of the base, in the opinion of the Engi neer, 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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s elected by the Engineer under Article 5 .(5) of t his speci fication afte r being dumped 
from the mixer and prior to p l aci ng, a l l or any part of the load may b e rej e cted and 
payment will not be made for the rej ect ed material. 

If the mixture is to be pla ce d with a motor grader, t h e temperature loss wi l l be 
based on the temperature of the mixture at the time windrowing of the dumped material 
wi th the motor grade r i s begun . 

(1) Prime Coat. If a pri me coat is required, i t shall be applied and paid f or as 
a separ ate item conf orming t o the requirements of the Item, "Pri me Coat " , except the 
air temperatur e a t time of applicat ion shall b e as provided ab ove. The tack coat or 
asphalt ic concrete shall not be applied on a previ ous ly primed flexible base until the 
primed b as e has comple t ely cured t o the s atisfacti on of the Engi neer. 

(2) Tack Coat . Before the asphalt i c mixtur e i s l aid , th e surf a ce upon which t he 
t ack coat is t o b e placed shall be cleaned thoroughly to the satisfaction of the 
Engineer . The s ur f a ce shall be given a uniform application of t a ck coat under "Asphaltic 
Material" of this s pecification . This t a ck coat shall b e applied, as direct e d by the 
Engineer , with an approved sprayer at a r a t e not to exceed 0.10 gal l on per s quare 
yard of s urface. Where t he mixtur e will adhere t o the surface on which it i s to be 
pla ced without the use of a tack coat, the t ack coat may be eliminated by the Engineer. 
All cont act s urfaces of curbs and s tructures and all joints shall be painted wi t h a 
thin uni form coat of t he asphaltic materia l used for th e tack coat. The tack coat shall 
be rolled with a pneumat i c tire roll er as directed by the Engineer. 

( 3) Transport i ng Asphalti c Concre te. The asphalt i c mi xture , prepare d as s pecifi ed 
ab ove , shall be h aul ed t o the work in tigh t vehicl e s pr evious l y cl e aned of all foreign 
mat erial. The dispatching of the vehicles shal l b e arranged-so tha t a ll mat eri a l 
de livered may be placed and all ro l l i ng shall be comp l eted duri ng daylight hours. 
In cool weather or for long hauls , canvas covers and insulating o f the truck bodies 

.may be r equired. The i nside of the t ruck body may be given a ligh t coating of oil, 
if necessary, to preven t mixture from adhering t o the body . 

(4) Placing . 

(a) Generally the asphal t ic mixture shall b e dumped an d spr e ad on the approved 
prepared surface with the speci fied spre ading and f inishing machine , in s uch manner 
tha t when properly compacted t he f inished pavement will be smooth, of uniform dens ity 
and will meet the requirements of the t ypica l c r oss sections and th e surfa ce t ests . 
During the applicat ion of asphaltic mat erial, care shall be t aken to prevent splattering 
of adjacent pavement, curb and gutter and s tructures. 

(b) In placing a level-up course wi th the spreading ~~d finishing ma chine , the 
forms , binder twine or cord sh all be s et t o line and gr ade e s t ablished by the Engineer. 
When directed by the Engineer, leve l -up courses shall be s pread with the speci f ied 
motor grader. 

(c) When the asphaltic mixture is placed in a narrow strip along the edge of an 
exi sting pavement, or used to l evel up small areas of an existing pavement or placed 
in small irregular areas where the use of a finishing machine is not practical, the 
finis hing machine may be e l imi nated when authorized by the Engineer, provided a 
satisfactory surface can be ob t ained by other approved methods. 

(d) Flush Structures. Adjacent to flush curb s , gutters, liners and s t r uctures, 
the s urface shall be f inished uniformly high so t hat when compacted, it wi ll be 
sligh t ly above the edge of the curb and flush structure. 
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(e) Curing Time. Where more than one course of pavement 1 S to be placed and 
the material is to be laid cold, no succeeding course shal l 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 liB-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 liB 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. 

16-17 
2104.000 

10-70 



7. Me as uremen t. 

(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 and/or kerosene is added 
to the cut-back asphalt for tack coat, as ordered, measurement will be made after 
mixing. 

8. Payment. 

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

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

(3) The prime coat, performed where required, will be measured and paid for in 
accordance with the provisions governing the Item, "Prime Coat". 

(4) All templates, straightedges, scales and other weighing and measuring 
devices necessary for the proper construction, measuring and checking of the work 
shall be furnished, operated and maintained by the Contractor at his expense. 

17-17 2104.000 
10-70 
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Accelerated Polish Test Reports 



POLISH VALUE TEST 

District 17 

High\vay F.M. 46 

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

Data Sampled 10-13-69 

Data Tested 10-17-69::.. ___ _ 

Be fore Polish 

Specimen .L 40 40 

Specimen 2 41 41 

specimen 3 

Specimen 4 

Ar-:'er polish 

Specimen 1 24 2.c1~ 

Spc c irnen 2 25 25 

Specimen 3 

Specimen 4 

Producer Young Bros. 

pit Location Waco. Texas 

Aggregate Type 

Lab Sample NO. 

100% Flint 

Length of Test Period 

40 40 .dO _ 

41 41 41 

Initial Value 

24 24- 24 

25 25 25 

Polish Value 

APPENDIX XI 

9 Hrs-. 

Average 

LtD 

41 

Average 

24 

25 

24.5 



POLISH VALUE TEST 

District 17 Producer Young Bros. 

Highway F .M. 46 pit Location Waco, Texas 

Project No. C-49-14-2 Etc. Aggregate Type 100% Li~~stone 

Data Sampled 10-13-69 Lab Sample No. 

Data Tested 10-17--69 Length of Test Period __ ~9~H~r~s~.~ __ 

Before Polish Average 

specimen 1 49 49 49 49 49 49 

Specimen 2 49 49 49 49 49 49 

specimen 3 

Specimen 4 

Initial Value 49 

After Polish Average 

c . ;:,peClmen 1 34 33 33 33 33 33 

c . upeClmen 2 36 35 35 35 35 35 

Specimen 3 

Specimen 4 

Polish Value 

APPENDIX XI 



POLISH VALUE TEST 

District 17 

Highway F .M. 46 

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

Data Sampled ______ l~0_-~1~3_-~6~9 __ __ 

Data Tested 10-17-69 

Before Polish 

specimen 1 52 51 .l.. 

Specimen 2 52 51 

specimen 3 52 51 

Specimen 4 53 52 

After polish 

Specirr'len 1 29 28 

S[..>2cimen 2 32 31 

Specimen 3 28 28 

Specimen 4 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 

51 5] 51 5] 

51 51 51 51 

51 51 51 51 

52 52 52 52 

Initial Value 51 

Average 

28 28 28 28 

31 31 3 1 ~l 
..J~ 

28 28 28 28 

29 29 29 29 

Polish Value 29 

APPENDIX XI 



POLISH VALUE TEST 

Dis.trict 17 

Highway F .M. 46 

Project NO. C-49-l4-2 Etc. 

Data Samp1ed __ -=1~0~-~1~3~-~6~9~ ____ _ 

Data Tested __ ~1~0~-~1~7_-~6~9~ ____ _ 

Before Polish 

Specimen 5 49 48 

specimen 6 50 49 

specimen 1 53 52 

specimen 8 50 49 

After Polish 

Specimen 5 29 28 

specimen Q. 32 31 

Specimen 7' 30 30 

Specimen 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-=H~r~s~.~ __ 

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 Loca tion _=-F-=e-=l:.:d:..t.,--=T:.:e:.::;:x~a~s:...-___ _ 

: -j 

j project NO. e 49-14-2 Etc. Aggregate Type Ty D TeeeS, 666 

Data Sampled 9-22-69 Lab Sample No. 

Data Tested 9-26-69 Length of Test Period 

Before Polish . Average 

specimen 1 55 54 54 54 54 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 

APPENDIX XI 



.! 

POLISH VALUE TEST 

District 17 Producer Texas Crushed Stone 

Highway F.M. 46 pit Location Feld. Texas 

project NO. C-49-l4-2 Etc. Aggregate Type Ty'P T C Se 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 Valile 32 

APPENDIX XI 

, I 



POLISH VALUE TEST 

District 17 producer Texas Crushed Stope 

Highway Fe M• 46 pit Location Feld, texas 

Project NO. C 49-14-2 Etc. Aggregate Type Ty'P T.C.S. 266 

Data Sampled 9-22-69 Lab Sample No. 

Data 'l.'eated 9-26-:-69 Length of Test Period 9 hours 

Before Polish Average 

specimen 1 55 55 55 55 !25 !25 
,.ii 

specimen 2 55 55 55 55 55 55 

specimen 3 54 53 53 53 53 53 

specimen 4 56 55 55 55 55 55 

Initial Value 54 

After Polish Average 

Specimen 1 34 33 33 33 33 33 

Specimen 2 34 33 33 33 
':::-

33 33 

'" specimen 3 35 34 34 34 ~34 34 

Specimen 4 34 33 33 33 33 33 

Polish value 33 

APPENDIX XI 



APPENDIX xli. 

Laboratory Design Reports 



! ... 

S 

1 

1 

1 

.4 ...... , .• ' .. 

SOILS AND rsASE Ml\.TERIALS T~d:r REPOl{T 
__ ~ 49-14-2, etc. 

SCCtioll Number Job Number Control Number 
Laboratory No. Bcc.::1-:':O.cc.w ______ -::--::-:::--::_::__ 
Date Rec'd _9-1~=-~ Reported 9-26-69 
Engineer . W. J. Byford Robertson, .e~~t~c~. ______ . ________ ~F~M ___ ~62e.~t_c_.--__ 

Highway No. County 

17 
Federal Project No. 

J,'leq. No. District No. I.P.E. No . 

9-11-69 ----
Date Sampled 

Add:l'ess Bryan, Texas 
Contractor Young Bros. Inc. Conti·s. 

. _---=1;.:,9..:;,,61. 000 
Sampler Charlie YounB 
Sampler's Title ____ ._. ______ .. __ .,-_ Specification Item No. 
Sampled From Vario\l~ l-1aco /lrea pitflMaterialifrom Property of ___ _ 
Producer Youn~~B:.::.r.:::o:.:::s:.!. _____ _ 
Quantity Represented by Sample _____ _ 

Has been Used on ---------------

Lab. No. J~ LI~ PI 
. SL LS SR i Cla~s 

pecificati~;I~--- "Max. 6 , 

7-69-1135 22 3 

7- 69-1136 1 1 

7-69-1145 
I ---

PERCENT RETAINED O:N 

-.----_.-._---.......,,...----
Br,i1 

Blnde r 
-

_-... ....... 

L. A, 
Wear 

30 

Decrll1-
t<ltion 

.66 

Unit 
Weight 

112.9 

------'r-'---------.-.-------.-.. -------.. - .. ---------.--.--.---.......... ----.. -.-
Square MMh Sieve Grr.ln Dbm 

~----.----
Lab No. !-._-:-__ .,-.O_p_o,...n_"._lG' ___ h_, _J_nc,....h_e_~_,GI±= __ . ~~~~;.~.- l_n __ 1-~.t-_ll.tnl('~~~':J Si'odflc 

... _. Gravlty 

3 2% 2 HI n~ % % % 4 10 20 40 GO 100 200 .05 .005 .001 

--------- --+--I---!---~--+---I --r---- -

17-69-1135 o 3 14 30 56 

__________ ~~ __ .~ __ ~~ __ ~ __ .L-~ __ ~ __ .~ __ .L_~ __ .~ •. ~ __ ~ __ ~ __ , ________ __ 

SAMPLE IDENTIFICA1'ION 
.. 

Lab. No. Identification Marka Locatlon-l'roperUes-·Station Numbers Type or Materials 
.- ------ --

1 7-69-1135 Ncedhan Pit Field San"; 

1 7-69-1136 Young Bros, Concrete Sand 

1 7-69-1145 Young Bros. Crushed Stone 
,.-;- 1" 

~ 

ested in Di ~trict 17 Lahora ory 
j: Ron Vos s, Chas. McCullo h 

On . 9·16,25 69 . 
_. .. . 
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· ASPHALTIC'tONCRETE STABlnTY REPORT 
Lab t N R3 ... 69-1064 thru R3-69-1068 ora ory 0. , ...--r=, ____ • __ -.,..-..,...,........"..,.--

Date Reeeivcd~2 .. 69Date ~epo.rted9 ... 23-69 
Dist. or Res. Engr. _t'l'r~~. ~:r~,.~B.:;..y~;-f_oi:'_d _____ _ 

Address BrY'-s_ll-.....-_--.....-_...._--:---
Co t t Xounl'; Bros. Inc. Contra. n racor. ... 
Sampler c. Young --Sampler's Title --T"l:.~~=-r"" 
S 1 d f ' Stockpiles at, source 

amp e rom -=-___ -------c--____ ---:':=_~ 
" (D.,lgn Specimen. Car. Truck. Plant. Road) 

Asphalt Producer __ J ..... m<Jr. PQt. 
T KC-I0 

ypc C··'r Stou' e ,~ Cone' cand:" Aggr. Producer ____ ~~_, _. _.:.~_. ___ ._.;;> __ _ 
YCJUT13 Bros. 

--------...... Flold S.·nd~r}a:=-:!l~-----
thlCO area 

------'------.----~.------..,---

1m CHARGE 

C-2851-1 .. 15, PD 0186 C-/}!}-14 .. 2·, PI> 0177,etc : 
-C::::-o~n~lr--o"""l 'l:'iN""'o.--~S-ec~l.-:N"""o-. --...... Job No. 

Flol 2018,Fl,tI!·(' tetc. 
Count)' J)'ederal l'roJect No. Hw),. No. 

17 -.. 
District No. Rcq. No. Dale Sampll'd 

Specification Item No. _1_9_6_1 _______ _ 

Stencil No.19Gl .. OOO,7 .. 69 Type __ D _____ . 

nEQUESTED DETFlHMINATION No.35C:,; ( .. ) J 
===== .. 

Id;ntificatlon '.j 
Marks 

Laboratory Spec. 
No. No. 

Station 
No. 

Asphalt 
(% by Wt.) 

SpecImen lIt. Spec. Density Hveem Stub. lIw,cm St . 

-----I--~-j 

Asphalt % 
by volume 

(In.> (1"1014) (%) (%) (Avf\': .,~ 
--\----' ... -----... 

~, 

R3-69-10Gt. 1 17-69-1n1.AC23 8.26 
2 
3 

R3..-~9-106 1 ,. 
2 
3 

P~",69-106 1 " 10.48 
2 
3 

R3-69-1067 1 11.56 
2 
3 

R3-69 .. 1068 1 ,. 12.63 
2 
3 

3.5 

4.5 

5.0 

5.5 

2.04 
2.03 
2.04 

2.03 
2.03 
2.03 

2.02 
2.02 
2.02 

2.0l~ 
2.03 
2.03 

2.02 
2.CO 
2.01 

..... 93.3 

-- 94.6 

-- 96.1 

-- 96.7· 

... 98.3 

D-9 Rcul.lrks: liveem stab lity valu s meet req.lircUlCnts lor this pr)jcct. 

ja 

- -~ - - ~ - -
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45 
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43 
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TABLE NO. III 
OLD METHOD'S 'I'EST RESULTS· BY ASPHALT CONTENT 

Asphalt Content Hveem Density Hveem Stability 
~Avf:i' of 3) J~~. of2~_ 

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 z.mTHOD IS TEST RESULTS BY ASPHAI..T CON'l'ENT 

Specs. 9 to 19 95 to 99 not less tban 30 

8.26 93.3 44 

9.38 94.6 45 

10.48 "96.1 45" 

-11.56 96.7 43 

12.63 98.3 42 

Charts and graphs are attached giving gradation of aggregates used, asphalt 
content by weight and volume and Hveem Specimen density by weight and volumC'. 
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TEXAS HIGHWAY DEPARTMENT 
DISTRICT 17 LABORATORY 

BRYAN, TEXAS 
October 2, 1969 

Robertson Co., etc. C 49-14- 2 ,etc. 

The District 17 Laboratory has completed a design for Item 1961.000,IIHot Mix 
Asphaltic Concrete Pavement"(Volumetric Design), to be used on various jobs 
in the 1969 Level-Up project. This design used 2.5 parts crushed limestone 
aggregate, TCS iff 665 Type D, from Texas Crushed Stone Company at Feld, Texas, 
3.3 parts crushed limestone aggregate # 266, Type F, from Texas Crushed Stone. 
at Feld, Texas, 2.1 parts concrete sand from Tey~", C..-"shf'rl Stone C0t';pp,ny .<l.t

Feld, Texas, and 2.1 parts field sand from theSantanna Pit near Austin.Lab
oratory testing Has made under l.aboratory identitication number l7-69-HMAC-2l •• 

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

The Specifications require that the asphalt m2terial shall form from 9 to 19 
percent of the mixture by volurr:c (Absolute). All specimens were made ~'lithin these 
limits. 

'l'AnLE NO. I 
SPECIFIC GRAVITY 

---- .-----.~-,----- -".--.----... ---~-------------~--.-•. -."--~ 
Size Crushed Gravel Crushed Gravel Concrete Field 
S icve (!XEeuD) ___ .. " ___ t~.l:e_~.L __ ,. __ . ___ 2,~~~ ___ ~_._ .. ~:.~~._ 

- --·4./2 10 

3/8 - 10 

. --40--:-80 

80 -200 

Note: l. 
~_ 2. 

'·2.345;;·-

2.'.24 

2.609 

2. 7t~6 

Specific gravity of the combined aggregate is 2.483 
American Petrofina AC-lO asphalt waR used in this design. 
specific gravity is 1.019. 

TABLE NO. II 
PROPORTIONING OF MATERIALS 

2.575 

2. 66f~ 

Its 

----------_ .. -------------.-._--- ---Crushed Limestone Crushed Limestone Limestone-··--Santanna--'}:;it 
T.C.S. # 665 T.C.S. # 266 Concrete Sand Field Sand 

.. _ ... --_._" -~-----....,;;..::..; .. ----... 
25% 33% 21% 21% 
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-.-.--
J-aboratory 

No, 

'. 

69-65G6-11 

'. 

69~6S67-II 

69-6566-U 

6~569"H 

---
D-9 RCr.J-'li: 

-
ja 

'ASPHALTIC~~ONCRETE STABlt-JTY REPORT 

- -- -- --::~:::-.=-~.::. 

SIlGe. Idcntlncn.Uoll Station 
No. Marks No, 

1 l'I-69-r::,,;( ... 24 
2 

"3--'-': ,,~,~- .'--.. 
1 " -
2 
3 
-. 

'17-69 .. liHAC ---25 
1 1 
2 11 
3 111 

1 ,- - --
2 
3 ,,--

.... -- .-'-
-:1): H (~cm ntnbH tty values 
-

-. . - .-.. ... -. 

--
Cobenlomcter 

Vnlue 

1-' .-~-

.. ------ -
meet reqlti. 

. ,-

. -- -.--,,-

CHARGE $24.00 

countr lo'ederal l'ruJoet No. 

17 
"' .. '-:. ''''D'''ls:-:-t''''rl-:::ct'''''N''''o-:-.--'---';';H:-:-eQ-:-;'''''N:'-:O~. ----Dn::',,;ie-SUmllled -

1961 Specification Item No. _____ . _____ _ 

S '1 N 1%1 .. 000,7··69 T D tencl o. ype __________ ... 

E .-----, ,'-" I ngQUESTr~D DE'l'ERlIllNATION NO. 3:;'"",4) 
-- - --------_ ... _-. __ .. _- -----

..... :::;::=..:;....-=.~=:;:"':'==-_ _==__oo::: __ _=.:==_:__ 

.AsIlhalt Spedmcll Ht • Spec. Dc noJty Hvc~1Jl r.u.b. 
(% by Wt.) On.) (lei chi) (%) ('!o) (Av/\,. ,; 

B.O 2.02 
2.01 

1-.:--· .. 
2.00 

8.7 2.02 
2.02 
2.02 

-.- - ..... ,--

8.S 2.01 
2.01 
2.01 

9.2 2.~-

2.02 
2.03 .. -

.. ---------. .-" -- - .. -
rmncnt::; fo th:l.s proj 

, / 

" 
." 

- , . . .-.-

99 .3 

• 
10 2.3 

10 2.0 

10 0.9 

.. 

:~ct • 

: 
" 

" 
. 
! 

'I 
I 
I 

\ l ! -- ._-" 

51 
1.7 

-:-49 

39 

'32 
23 
30 

l· ( ., 

" 4 ~. 

30 
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'1'"" ... Ullrh." .. " lHp .. rt"' ..... 
J,'uru"G4U 

r". ""'" ',' . 

ASPHAL'rIC CONCRETE STABILITY REPORT 
CHARGE $30.00· 

17 .... 
Specification Item No. __ 1.~.·...:6:..::1=---,-

~·t '1 I·· lC\61 e UOO 7··Gc; " D I. cnel "0. _.-=-______ 2.. __ ._~ lype __ .... _______ _ 

f;t'-?l:sftv h$nh[11t-_ •. ~ •• __ . ______ . ________ . ________ . ______ ••• ""- .0. _ .. _ .•. ...L-_ •.•..••. _._ 

f'! vol." ('X. h·.' '.'n 1 .• ) 

L:i;~:;.~. ·~_T~;,;:·~ 0 .. ~~~~~~:;:~:: ~= . ~;.~~:~~ .. ~. }~:;~l;i,:~·;~~:Z·~;~~~~~:~]2~~~;~;·~~;~~lJ;;~j;~~ r::i;. :t~~~'~::==;~i~::~::~.~~~] 

.. 

.' 

1 
2 
3 

1 
). 

::> 

., 

.i 

1 
~ 
J 

1 
11 
Dl 

" 

" 

.. 

91. 9 

93.6 

97.0 

Yi5.U 

] loli 1 5.U 

12.89 5.7 

14.33 6.4 

15.76 7.1 

l"I.i5 7.G 

2. (I ;;.:.; 
2. G!~· 

2.(}z 
2.0J 
2.01 

2.Cl 
2. (;(5 

2.{)O 

2.02 
2.G2 
2. {;1 

2.02 
2.01 
2.02 

D-9 l\::;;:1arl s: r;-.; em ~t"bil'::y values l'(~et rcquilteul(!ilts for this prcljc t. 

ja 

i ., 
\ 
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-91. 7 

--93.5 
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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 

. 
Hveem Density 
(Avg. of 3) . 

91. 7 

93.5 

95.3 

97.0 

98,l~ 

TADLE NO, IV 
NEW METHOD'S TEST RESULTS BY ASPHALT CONTI~NT 

lIvecm Stability 
(Avg. of 3) 

50 

l~8 

46 

47 

48 

-}'-.s-p-h-,,']·l--t-C-o-n-t-c-n-t --H~-D-p.-l;-S-it-.Y" .--- "HV;-e--;;st·;i~-iTj.t·Y 

(% by VO~;...tOl ___ -r-_~l:L. VoU. ____ . ___ ...JA:yy.l.!..._~.f_1.L 

9 to 19 95 to 99 Min. 30 

11.41 91. 9 so 

12.89 93.6 48 

14.33 95.4 46 

15.76 97.0 47 

17.15 98.6 48 

Charts and graphs are attached giving gradation of aggregates used, asphalt 
content by wei.ght and volume and Hveem Specimen density by weight and volume. 
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TEXAS HIGHWAY DEl.ARTMENT 
DISTRICT 17 LABORATORY 

BRYAN, TEXAS 
October 3, 1969 

Brazos County, Robertson County, etc •. C 49-14-2,etc. 

. The District 17 J .. aboratory has completed a design for Item 1961.000, t'Hot Mix 
Asphaltic Concrete Pavement" (Volumetric Design), to be used on various jobs 
in the 1969 Level-Up project. This design \Jsed 2.0 parts crushed limestone 
aggregate, TCS iff 665, from Texas Crushed Stone Company at Feld, 'l'exas, l~. 0 
parts crushed limestone aggregate, TCS 11 666, from Texas Crushed Stone Company 
at Feld, Texas, and 4.0 parts field sand from the Wehrman's Pit near Bryan. 
l,aboratory testing was made under 1abora~ory identificacion number l7-69-HMAC- 25. 

The laboratory dasign grading and specifications are shown on the attached 
form entitled "/Igr;regate Blending Tabulation." 

The Specifications require that the asph31tic material shall form from 9 to 19 
percent of the mixture by volume (Absolute). All specimens were made ~·lithin 
these limits. 

-Size 
Sieve 

3/8 - 4 

4 - 80 

+ 10 

+ 80 

- 80 

. ----=C-r-u~sh Gravel 
TCS ffo 665 

2.345 

TABLE :NO. I 
SPECIFIC GRAVITY 

Crushed Gravel 
TCS il 666 

2.462 

2.473 

2.720 

N~~e: L Speci.fic gravity of the combined aggregate is 2.49/ • 

---Fi.eld 
Sand 

2.510 

2.682 

• 2. Humble AC-lO asphalt was used in this. design .. Its ,specific gravity 
is 0.996. 

TCS fl 665 
Crushed Gravel 

20% 

TABLE NO. II 
PROPORTIONING OF MATERIALS 

TCS ifl 666 
Crushed Gravel 

40% 

APPENDIX XII . 

----~---

Wehrman's 
Field Sand 

40% 

--,----- - '.~--

• 

, 
.1 

.... ! 
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17-

17 .. 

Tel"'''' nIgh way Department 
Fo~m 476A 

."$06 •. ~67."SM 

SOILS AND bASE MATERIAL8 TLOTREPORT 
Laboratory No. Bel~ 
Date Rec'd Reported 10- 2- 69 
Engineer W T ItyLnLc1 ________ _ 
Address Bryan, TpXi'iS,, __________ _ 

Contractor -Yf!ll.lWrYL1.:9J..!.;h!,!;e;,,!, r",;;s~ _____ _ 
Sampler C har H.-"e,--,y",o.!..!l~m~g", ________ _ 
Sampler's Title _,, _______ _ 
Sampled From ____ Varj,,,,,o~u,,,s,--____ _ 
Producer . ..T.!!xnlL.G.nH'lhed S:Q)1f; {;. N('(~dlwn PH 
Quantity Represented by SamplB _______ _ 
Has been Used on __ -

Lab. No. LL PI SL LS 

69-1177 23 1 

69-1178 21~ 1 

---..... -~-
___ I _"~~ __ , __ ,_,_'--. 

____ =c 49=14·2,~e~tc~. ________________ ~~---
Section Number .Job Number Control Number 

Rohertson, etc. FM 46, etc. 
County Federal Pl'oject No. Highway No. 

17 __________________________ ----~ 
District No. I.P.E. No. ~eq. No. Date Sampled 

Specification Item N o. ____ lL9~(jCL) lL. ",:. OLCOLC0L-_____ _ 
Material from Property of _____________ _ 

SR Soil 
Binde-r 

WB;:"I 
% Laos f-----+-, 

99 

4.5 

L. A. WeB;' 

Weight 

112.6 40 

- -.,..". . ...-". ----...... ~-----~--- ---._,-" 

La.b No. 

Square },!c3h Sieve 
"_.- .--

Open!n&, In Inches Sieve 

3 2~ 2 1~ 1'.4 % % % 4 10 I 20 
1-

40 

1: 
Gra!n Dl~,}'tl. 

~ ber3 In ~tfillhnett'rs 

60 100 200 .05 .005 .001 

Nu~ 3p8cUlc 
<.Travlty 

0 1 1 

17-69-1178 0 10 46 ~r: 
J,) 

.- ~ .. _.,..~ ___ l_. _._--- ---'---
SAMPLE: IDENTDnCA'HDIJ ------,-----.-•. ~. ----------.--------.,-.----~ .. .,.------------.--

Lab. No. Ide:n Ufica. tlon l.farks Location'-Pl'operties--Station Nun1bers Type of Materlals 

--------+----,-,-----,,--~.------------------------~--------------------

17-69-1177 

17-69-1178 

Tested in District 17 Laborato y 
By: Rom1ie VO,S8 
On: 9-26-69 

Needh<:!n Pit Field Sand 

Texas Crushed Stone Concrete Sand 

QUALITY SAMPLE 

APPENDIX XII 
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'J\e~<1" UIgnwllY Department 
Form 50iS 

ASPHALTIC ~ONCRETE STABI~trY' REPORT 
Laboratory No. 69-61l2~n thru 69-6116-H 
Date Received 9-25-6~ Dilte.R~ported· 9-26~69 
Dist. or Res. Engr. li_,_J_,_B-'y"-£_o_r_d ______ _ 
Address HrY<tn 
Contractor Ym.ln,~ Bl:OS. Inc. Contnl . 
Samnler ctarT.:i.c fm:rn:g--' 

• CO" <-1·"·'1·'· ... Sampler's Title ___ .~ <"' .. , ... ./ ... '.,.. .... ("'-- ._--------
Sampled from J -'~''' ..... _~::...,_,.i __________ _ 

(Design Spcc1r!1~n, -Car. Truck, Plant. ROD.d) 

Af\phalt Prodllc~r _ _ !;rle~·~.J:.0 .t_.:.... _______ _ 

Agg:Y;~odnc-;r .--~·.~~~ii~~~~~~;,:~~~~":-f.l-._r-.'.(71---
--"--,-- -- ~--·------·-·-:{)-;'~-j~;(.~0-:-r;?,~ • D to~.·_~;_}(ryp:;-·:i_~'

2 i ,'. ',~. 

I' '.,<.' I: :; .! ... i 
: .. , ./ r.-- :. '~.t "3 ""- :~; .. 

2 
3 

II 

>~)~}~~'tX 
--+---='9 $-=-99--

10.30 91.9 

11. 79 93.3 

13.25 95.3 

14.69 96.9 

16.10 98.5 

ClIARGE $30.00 

_-n::c=:--;,::2=::r;:-:, 5~1::--.......::1--:=1=:5...z2~P, ~D'-;· ".:O::-'1::cB"'-.J(!::')_~C.,-7!}:..:.:9.._:-:-'1"'-!;!-,-.£1-5L(}171 > C >: . 
Control No. Sect. No. Job No. 

Brazos. Robet'tso::;nJ.,.::E:;t~(.::.c· .~ __ -=F.i~i'=-1-,L~.b~"-=1~8,-,-=' rn. l ;.6 ,t; !: [~ 
County Federal Project No. Hw),. No. 

17 
District No. Req. No. Date Sampled 

Specification Item N o. _....:.1:..:9....:.(....:..1~ ______ _ 

Sp(; c1:men Ht. 

(% by ' Vt.) (lr .. ) 
--+---

5.2 

5 .. 9 

6. 6 

7.3 

2.02 

2~G3 

;!. ~ 02 

2,02 

2.01 
?c Ol 
2~CO 

2. elf) 
~~ 6 (;1 

2.01 

... - 92,9 

__ 91>.6 1 

-- 96.0 

-~ 99.5 

52 

56 
61. 
60 

53 
Gl 

56 
5L, 

56 

57 
53 
'YI 

( . 30) 
l~ ....., 
,)f 

59 

56 

55 

55 
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Note~ This design chart must. be co0rectcd for an aggregatc'a~sorptio~ of 2.3 percent'l 
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TABLE NO. III 
OLD METHOD'S TEST RESULTS BY ASPHALT CONTENT 

Asphalt Content Hveem Density -Hveem Stability 
CAvg. of 3) (Avg. of 3) 

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 
NEH HETHOn'S TEST RESULTS BY ASPHAJ_T CONTENT 

_._ .. _. --------"...-.,.------_. -.-.- . ---,---- . . 
Asphalt Content HveerH Density Hveem Stability 

. _____ . __ ~t}.;;;.~ ~b;.&y......:..Vo.;..l;:.;.:..&.)- ._~ _____ .i% by: Y~). •. :,l "_iAv~'..:. 0 f 3 L_ 
Specs. 9 to 19 95 to 99 Min. 30 

10.30 

11. 79 

'--13. 25 

14.69 

16.10 

91.9 

93.3 

95.3 

96.9 

98.5 

57 

59 

56 

55 

55 

charts and graphs are attached g1v1ng gradation of aggregates used, asphalt content 
by weight and volume and Hveem Specimen density by ,,,eight and volume. 

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

~ -- --- - -------_. -~ .. - --- - - --- - -- ~- - --- -- . ----- - ----- -
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APPENDIX XIII. 

Skid Resistance Results (October 1970) 
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APPENDIX XIV. 

Curves - Coefficient of Friction Versus 
Traffic Applications 
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