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PREFACE

This is the second report issued under Research Study 2-6-71-83,
"Synthetic Aggregates for Seal Coats--An Exploratory Study.'" This report
presents a review of current Texas Highway Department design and construction
practices, a definition of the problems associated with the use of synthetic
aggregate for seal coats, the results of fieid trial sections utilizing four
synthetic aggregates and various aggregate and asphalt quantities, and a

synthetic aggregate seal coat design method.

DISCLAIMER

The contents of this report reflect the views of the authors who are
responsible for the facts and the accuracy of the data presented herein.
The contents do not necessarily reflect the official views or policies of
‘the Federal Highway Administration. This report does not constitute a

standard, specification or regulation.
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ABSTRACT

Personal visits, questionnaires and a review of avallable literature
were utilized to identify current synthetic aggregate seal céat design
and construction practices used by the Texas Highway Department. Problems
associated with the performancg of seal coats involving synthetic aggre-
gates for coverstone are defined., Trial field sections have been con-
structed. Aggregate gradation, aggregate moisture conteht, quantity of
aggregate, quantity of asphalt, skid numbers, surface texture and environ-
mental data were obtained. Based on a collection of the above information
a synthetic aggregate seal coat design method has been suggested and

construction guidelines developed.
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SUMMARY

Information collected from personal visits to Texas Highway Depart-
ment district offices, field observations, detailed questionnaires and the
construction of field trial sections indicate that many problems associated
with poor performance of synthetic aggregate seal coats can be traced, in
large measure, to moisture present in the aggregate, degradation of the aggre-
gate during construction and in the first week of service and rainfall
during or within a 24 hour period after construction.

Certain design and construction techniques can be utilized to reduce
some of these problems and thus increase the probability of constructing a
satisfactory surface. These items are summarized below:

1. Avoid construction if rainfall is likely during construction or
within 24-hours thereafter.

2. Control traffic speed or preferably detour traffic around the
freshly sealed surface if rainfall is likely and construction must proceed.

3. Limit lightweight aggregate usagé to conditions such that a
sufficient bond will be established between the aggregate and asphalt prior
to allowing high speed traffic on the facility. Traffic control during and
for a short period after construction should be practiced to allow de#elop-
ment of adequate bond between the asphalt and stone.

4., The use of steel wheel rollers should be avoided.

5. Aggregate quantities utilized should_be at a minimum. Excess aggre-
gate on the roadway which is not removed by brooming will degrade under

traffic and is a factor in dislodging loosely attached material.
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6. The use of maximum asphalt quantities to provide deeper embedment
together with the use of harder asphalts is advised,

7. The use of aggregate seal coats on high traffic volume roads and
in certain urban areas where traffic turning movements are expected should
bevdiscouraged until sufficient information has been developed to insure
the successful use of such material under these conditions.>

8. For an aggregate of fixed quality, a reduction in the average
particle size improves the resistance to degradation during construction
and early service life, Dislodgement of the aggregate is also minimized.

9. A seal coat design method is presented to establish asphalt and
aggregate quantities,

10, The freeze-thaw test requirement for synthetic aggregates utilized
on seal coats should be re-evaluated, as the currently specified values

appear too restrictive,



IMPLEMENTATION STATEMENT

Information summarized in this report indicates that alteration of
certain construction techniques and design methods will offer a better
opportunity for synthetic aggregate seal coats to be placed successfully,
Many of the suggested construction practices are currently in use on a
limited basis throughout the state; Increased awareness and conformity to
these practices should increase the probability of success of the con-
struction projects involving lightweight aggregates.

Information collected during the study affords the opportunity to
more accurately define the limits under which these improved construction

and design practices need to be implemented.
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INTRODUCTION

The highway engineer is providing a safer driving environment for the
public by constructing skid resistant roadway surfaces. Often, seal coats
utilizing synthetic aggregate as coverstone are used for such surfaces.
However, difficulties associated with materials, design, ahd construction
are being experienced. For example, the cover aggregate does not 'stick"
properly or the aggregate degrades during handling and on the job site
and/or during construction operations. Compounding the problem, different
gsources of synthetic aggregates behave differently; thus, standard design
and construction techniques in current practice may require certain adjust-
ment to optimize the opportunity for success.

Recognizing this need and realizing that synthetic aggregate seal
coats will’become one of the more important construction and maintenance
methods to provide skid resistant surfaces, the Texas Highway Department
initiatedAa study at the Texas Transportation Institute. The objective
of the study was to develop design and construction guidelines for
synthetic aggregate seal coats to include material quality controls which
will improve the performance of seal coats using synthetic aggregate. This
exploratory study emphasized close cooperation between Texas Transportation
Institute and Texas Highway Department personnel including the following
Texas Highway Department Division contact representatives: Robert G. Keyser
of the Construction Division, Irl E. Larrimore, Jr., of the Maintenance
Operations Division, William E. Elmore of the Materials and Test Division,

and T. R. Kennedy of the Highway Design Division.



Since field experience dates to 1961, an important element of the
research effort involved information gathering from field personnel.
This information was obtained by questionnaires as well as personal
visits to those districts which have placed large mileages of synthetic
aggregate seal coats, Districts visited included Districts 2 (Fort
Worth), 3 (Wichita Falls), 5 (Lubbock), 7 (San Angelo), 8 (Abilene),

9 (Waco), 11 (Lufkin), 17 (Bryan), 18 (Dallas), 23 (Brownwood), and
25 (Childress). Results from these district visits, questionnaires
submitted to selected districts, visits with Texas Highway Department
Austin office personnel and the literature [1-8] resulted in Texas
Transportation Institute Research Report 83-1, "Synthetic Aggregate
Seal Coats - Current Texas Highway Department Practices" [9].

A summary of existing construction practices and a definition of
the problems associated with placing synthetic aggregate seal coats
led to the development of a research plan to ﬁlace field trial sections
containing the following variables:

1. Environment

2, Asphalt type and quantity

3. Aggregate type and quantity

4, Traffic volume

5. Aggregate moisture content
Periodic field evaluations have been made on these sections.
Results of the field trial sections and a review of pertinent

information on state practices and construction difficulties is

presented below together with a suggested seal coat design method.



TEXAS HIGHWAY DEPARTMENT EXPERIENCE

Synthetic aggregates have been used as coverstone in Texas since
1961 when a 9.8-mile double surface treatment section was placed in
District 23 (Brownwood). In 1962 District 8 (Abilene) placed a seal
coat section 1000 feet in length on Interstate 20 west of Abilene,
while District 23 placed an additional 6.5 miles of double surface
treatment, From 1962 to 1972 between 300 and 500 miles of synthetic
seal coat were placed annually.

Thus approximately 4,000 miles of synthetic aggregate seal cogts,
or approximately 5 percent of the total state highway system, has been
laid as of January 1973, It would not be unreasonable to estimate that
8 to 10 percent of pavements in Texas will be surfaces with mixtures
containing synthetic aggregates by the end of 1975.

Twenty-one of the state's 25 districts have placed synthetic
aggregate seal coats; Districts 5 (Lubbock), 8 (Abilene), 17 (Bryan),
18 (Dallas), 23 (Brownwood) and 25 (Chiidress) have placed over 200
miles of synthetic aggregate seal coats.

Synthetic aggregate producers in Texas are shown on Table 1.

Seal coat aggregates from Ranger, Clodine, Dallas and Eastland are the

most widely used sources and were utilized in the field trial sections

that are reported in a-later section of thils report., It is anticipated

that the new (1973) synthetic aggregate producer near Streetman, Texas, will
become a major supplier of seal coat rock for East and North Central

Texas.



TABLE 1

SYNTHETIC AGGREGATE PRODUCERS IN TEXAS

Producer Location of Plant Brand Name
Featherlite Converse Featherlite
Featherlite Ranger Featherlite
Texas Industries Clodine Haydite
Texas Industries Dallas Haydite
Texas Industries Eastland Haydite
Waco Aggregate Co. Waco Eaglelite
Bay Prairie Aggregate Corp. Lane City BPAC
Trotti and Thompson Beaumont
Superrock Corp. Streetman Superrock




Design Methods and Materials

Design -~ The most commonly used design method for seal coats in Texas is
a modification of the Kearby Method [10, 11]. Experience together with
field alterations of design quantities are the predominant methods of
establishing asphalt and aggregate quantities. A proposed design method is
included in this report in a later section.
Asphalts - Asphalt cements utilized include AC-5 and AC-10 as described by
the Texas Highway Department specifications [12]. These asphalts
typically have penetrations in the range 85 to 150. Emulsions of the high
viscosity rapid setting type have been used in certain districts.
Districts 9 (Waco) and 14 (Austin) have utilized emulsion on heavily
traveled roads. Additives such as silicone and rubber have been used on
a limited basis in both asphalt cements and emulsified asphalts. District
5 (Lubbock) has placed seal coats with "rubberized" asphalts since 1972.

The quantity of asphalt utilized for these seal coats varies from district
to district, but an application rate of 0.30 gallons per square yard is a
representative average value for Grade 4 aggregate [9, 13, 14]. Differences
in condition of the pavement upon which the seal is to be placed, traffic
volume, aggregate gradations, and asphalt characteristics are in part re-
sponsible for the variations in asphalt quantities utilized.
Agpregates - Gradation of aggregates utilized has varied. Texas Highway
Department Grades 3, 4, and 5 have all been used; however, Grade &4 aggregate
is now used almost exclusively. Modifications of certain grades have been

used on a limited basis.



Aggregate application rates as reported by the various districts
ranged from 90:1 to 140.1*. An average value of about 115:1%* was indicated
for a Grade 4 aggregate.

Construction Practices - Self-propelled, pressurized asphalt distribution equip-

ment is utilized. Strapping of the asphalt distributor before and after
each asphalt shot is the usual method of determining the quantity of asphalt.

Distribution of Rock and Asphalt - Distribution of aggregates is usually

performed by self-propelled equipment. For some limited operations, tailgate
Aand distribution boxes attached to dump trucks have been utilized. Aggregate
quantities are usually controlled by staking rocklands and establishing a fixed
setting on the spreader box for a certain speed while spreading a known
amount of aggregate.
Rolling - A summary of district rolling operations can be found in reference
9. Pneumatic tired rollers with 30 to 45 psi tire pressures have been used
extensively; however, a light steel wheel roller is utilized in one district to
seat the aggregate, Crushing of the aggregate may result if heavy steel
wheel rollers are utilized or multiple passes of light steel wheel rollers
are utilized., Since pneumatic rollers are effective for seating the aggre-
gate and cause minimal crushing, they are recommended. Therefore, steel
rollers are not advised,

Removal of excess aggregate by brooming is practiced in some districts;
however, about half of the districts visited did not practice this operation.

Traffic Control - Control of traffic speed for a prescribed period of time

after construction is not the usual state practice; however, some districts

*Ratio of the area the material will cover on the roadway surface
measured in square yards per cubic yard of aggregate.

**Laboratory tests indicate an idealized value of about 140:1.
Quantities greater than 130:1 are considered detrimental to good
design and wasteful of material for the currently used Grade 4.



follow this policy. Traffic is kept off of the newly sealed surface until
rolling is complete. Under certain conditions traffic has been kept off
the seal for a number of hours to allow for proper asphalt-aggregate adhesion.

Problems Associated with Synthetic Aggregate Seal Coats, Each material

utilized on highway construction has its own associated problems., Synthetic
aggregates are not different is this respect. The introduction of a new mater-
ial requires time. Synthetic aggregates have been used in seal coats on

Texas highways for more than ten years and still all problems associated with
design, construction, and the material have not been solved, primarily becaﬁse
inexperienced users continue to enter this field.

Questionnaires circulated to collect data regarding existing districts'
practices were also used to identify problems associated with synthetic
aggregate seal coats. Several districts were asked to select typical projects
from each of the last four years of construction. Emphasis was given to
selecting problem construction contracts. Results of these questionnaires
together with information obtained on personal visits indicate that projects
experiencing poor performance were often associated with one or more of the
following: moisture, crushing during construction, or degradation under
traffic. These results are discussed in detail below.

Moisture - Rainfall during and/or shortly after construction of seal coats

has long been a problem with natural aggregates. Ample evidence exists which
indicates that this problem may exist to an even greater extent with

synthetic aggregates of the high absorption capacity type. Precautions are
always taken to stop construction during rainfall; however, a small percent of
seal coat construction may be subjected to the rainfall during construction.

Subsequent loss of some coverstone usually results.



Rainfall after construction can be tolerated provided a strong bond
has been established between the asphalt and the aggregate and between the old
pavement surface and the applied asphalt before traffic is allowed on the
surface; thus, the length of time between the end of construction and the be-
ginning of rain is important. Rainfall within 48 hours after construction has
been reported to be detrimental under certain conditions; whereas,
under certain other conditions rainfall occurring within 2 hours has not been
detrimental,

To establish the limit of time delay between construction and rainfall,
the engineer must also consider the magnitude of bond tenacity necessary for
the given traffic conditions. Certainly, increased traffic volumes will
necessitate a greater bond tenacity to provide good performance. Traffic
speed and tire pressure will also input to the time delay requirements,

Moisture present in the aggregate during construction is often detri-
mental as mentioned above. Synthetic aggregates with their relatively large
capacity to absorb or store water, present an even more difficult problem
than most natural aggregates., Rainfall on synthetic aggregate stockpiles
prior to construction can be detrimental if construction is not performed on
warm, low-humidity days. An example of the problems associated with the use
of wet aggregate is illustrated by the following situation. On some projects
raveling of aggregates placed during the early part of the construction day
was traced in part to moist aggregates not establishing a sufficient bond
with the asphalt in the time frame of the construction operation. As the
temperature increased and humidity dropped during the day, the aggregates
dried sufficiently to allow the establishment of the required bond to prevent
aggregate loss, A construction time frame adjustment would appear in order

to assist in rectifying the problem.,



A comparison among physical properties of synthetic aggregates and a pre-
coated aggregate is shown in Table 2, This comparison illustrates the relatively
high absorption capacity of synthetic aggregates, Figures 1 and 2 illustrate
the rate of absorption for various synthetic aggregates, thereby illustrating
the field-observed problems of wet stockpiles of aggregate. As noted in these
data, certain synthetic aggregates can be expected to absorb a larger quantity
of water than others, and, furthermore, the rate of absorption is higher
for some types of aggregates than for others, Field behavior under wet
conditions is believed to be related in part to both the capacity of the aggre-
gate to hold water as well as the rate at which the aggregate will take up
water during periods of rainfall.
Degradation - Degradation or the manufacture of fines during transporting,
handling, construction and in-service has been observed to be a problem under
certain conditions. This degradation often leads to "dusting" and
poor adhesion between asphalt and aggregate and consequently loss of stome,
which loss may result in a flushed pavement.
Experience gained in several districts indicates that degradation
may occur in transit from the aggregate manufacturing plant to the roadside
stockpiles. The extent of this degradation is such that the fine side of the
gradation specifications are sometimes not met; this occurrence in minimal,
General performance trends experienced by construction and maintenance
personnel suggest that aggregates A and D experience only minimal degradation
under construction and traffic, while aggregates B and H have, under certain
conditions, experienced excessive degradation. On the other hand, aggregates
A, B, D and H have all been placed successfully and have rendered good

service,



TABLE 2

*
AGGREGATE PHYSICAL PROPERTIES

Aggregate ,  Specific Gravity Unit Absorption Porosity 100-Minute l4-day Los Angeles Freeze Thaw
Identification Bulk Absolute**  Weight Capacity, Saturation Absorption Abrasion***  Resistance®**
1bs/ft3  Percent Percent Percent
(loose)
A 1.57 2.21 52.4 12.8 28.9 14.0 9,20 27.6 2.3
B "1.23 2,04 37.7 28.1 39.6 60.4 24.88 26.3 37.7
D 1.49 2.09 48.1 15.6 26.7 14.2 9.61 27.0 2.6
H 1.81 2,30 43.4 13.8 21.3 24,6 9.04 33.2 30.0
o
M 2.43 2,62 84.0 1.9 7.3 — 2.85 —— —_—
Number of Tests 3 3 2 2 3 3 3 — —
* Aggregates A, B, D, and H are lightweight aggregates. Aggregate M is a precoated aggregate.

** Values determined as described in Reference (24).

Determined from pressure pycnometer.

*** Values obtained from previously published work at the Texas Transportation Institute (2, 7, 8, 25).
Loss Angeles Abrasion based on ASTM Grading BC.
Freeze-thaw based on 50 cycles Grade 4.
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In service degradation of the cover aggregate is aggravated by
stacking of the aggregate, (caused by exceeding 130:1 aggregate application
rates for Grade 4 material) by excessive percentages of heavy trucks or
high tire pressure vehicles, and by high traffic volumes. For general
design considerations, it is probable that a general relationship between
aggregate type and traffic volume can be established. An example of one
type of development is illustrated in Figure 3. Hopefully these traffic
volumes can be refined as additional field data become available and as
definitive laboratory information is developed (15).

The number of projects experiencing substantial aggregate degradation
has been reduced in the past two to three years., This observed behavior
is iﬁ'part related to the following items:

1. Manufacturing quality control of synthetic aggregates has improved,

2. The aggregate physical properties for seal.cdat aggregates have
been more accurately defined through field experience. Manuafacturers
have altered their processes somewhat to meet these needs.,

3. Grade 4 gradations have been utilized predominantly during the
past two to three years,‘whereas Grade 3 (a coarser gradation) has been
utilized on a limited basis in prior years. Excessive degradation was
experienced when grade 3 aggregates were utilized under certain conditions.

4, Construction techniques such as brooming of excess aggregate and
utilizing only pneumatic wheel compaction equipment have reduced degrada-
tion,

5. Coverstone application rates have been reduced in some districts.

Minimal cover rates are most important.
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Other Factors - Factors in addition to moisture and degradation have been

suggested as possible causes of poor performance of synthetic aggregate seal
coats. For example, asphalts with undesirable properties, contamination

of aggregates during shipment, and failure to meet designated aggregate grading
specifications., These problems appear to be minor relative to those caused

by moisture and degradation.

Benefits of Synthetic Aggregate Seal Coats - Increased use of synthetic aggre-

gates for coverstone in seal coat operations in Texas is predicated by figld
acceptance which is based on field performance. Not only do seal coats
perform the normally expected functions of seal coats such as sealing the
bituminous mat against the entrance of air and water and reducing the brittle-
ness of the underlying layer of bituminous material; but, when lightweight
aggregates are used they provide a very skid-resistant surface, provide good.
color contrast which improves visibility in daylight and at night, provide

a surface on which paint striping maintenance is reduced, and practically
eliminate glass damage caused by "flying" stones.

Skid Resistance = High initial skid resistance and prolonged skid resistance

can be obtained with synthetic aggregate seal coats under moderate traffic.
Typical skid numbers (SNAO) for synthetic aggregate pavements are shown ip
Table 3., Figure 4 illustrates the measured skid number as a function of
traffic and age under high traffic, In general, the skid numbers as measured
by the Texas Highway Department skid trailer are above 50 (measured at 40 mph)
for almost all synthetic aggregate seal coats. However, under heavy traffic
a dec;ease in skid number may be expected due to excessive abrasion, loss of
coverstone or bleeding.

Delineation - Delineation of travel lane is important for night driving,

especially during periods of limited visibility. Synthetic aggregate seal

15
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TABLE 3

COEFFICIENT OF FRICTION FOR SYNTHETIC AGGREGATE SURFACES

Type of Age After Average Daily Skid Number Measuring Device Reference
State Facility Construction Traffic (SNAO)
Alabama Surface 0 —— 65
Treatment 4 mo. — 65 Decelerometer
Method Eiland (3)
0] —— 40-55% Two Locked-
4 mo. — 44-58% Wheel Skid
Louisiana  Hot-Mix 8 mo. —— 45-63% Trailer Arena (4)
Overlay 2 mo. — 50-64% (ASTM E-274-69)
Hot-Mix Stopping Distance
Virginia Overlay 2 years — 45-54%* Vehicle Dillard(5)
Bureau of Public Roads
Wyoming Seal Coat 4 years 965 63*%* Skid Trailer Mills (6)
(ASTM E-274-69)
Locked Wheel
Texas Seal Coat 5 years 100 63 Texas Skid Trailer
M 416 {ASTM E-274-69)
Texas Seal Coat 5 years 300 65 Texas Skid Trailer
FM 2452 (ASTM E-274-69)
Texas Seal Coat 1 year 18,200 52 Texas Skid Trailer
(ASTM E-274-69)
Hot-Mix
Texas Overlay 1 year 700 55 Texas Skid Trailer
Open-graded (ASTM E-274-69)
Hot~-Mix
Texas Overlay 1 year 700 58 Texas Skid Trailer

Open-graded

(ASTM E-274-69)

*Range of eight test sectioms.
% Range of three test sections.
k%% Scoria - a natural lightweight material although described as burned shale by the author.



SKID NUMBER
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Figure 4. Lightwelght aggregate seal coat
(IH-35, Waco, Texas).




coats and especially those constructed with aggregates from sources A or D
produce an initial and long lasting dark color which contrasts with lighter
colored shoulders. Other types of seal coat aggregates provide initial color
contrast of limited duration. Contrast between the white or yellow painted
traffic marking and the darker surfaces with synthetic aggregate seal coats
is also of benefit to the driver.

Evidence exists which indicates that traffic paint adheres to and provides
a longer lasting traffic stripe on synthetic aggregate seal coats as opposed
to natural aggregate seal coats,

Flying Stone Damage - Glass and paint damage due to flying stonmes is a problem

which exists on the highway under certain conditions (2, 7, 8). Definitive
evidence exists which proves that windshield damage and paint damage is sig-
nificantly reduced or eliminated by the use of synthetic aggregates,

The advantages of utilizing synthetic aggregates has led to its acceptance
in many districts. Reduction of windshield damage and the high friction
obtained are recognized as the primary advantages resulting from the use of

synthetic aggregates,

TRIAL FIELD SECTIONS

Based upon the experience gained from field visits, questionnaires and
a review of the literature (references 1 to 23), field trial sections were
designed to contain the following variables:

1. Environment (4 locatioms).

2, Traffic (6 levels).

3. Asphalt Type (3 types).

4, Asphalt quantity (3 levels).

18



5. Aggregate type (aggregates A, B, D, and H).

6. Aggregate quantity (3 levels).

7. Aggregate moisture content (3 levels).

8. Simulated rainfall (3 levels),.

These variables, together with traffic control, compaction technique and
removal of excess aggregate, control to a large degree the performance of
synthetic aggregate seal coats.

Environment - Six sites (two sites in each of two locations and one each in the
remaining two) information on the effect of environment on performance of
synthetic aggregate seal coats, More definitive information on the location

of the six sites is given on Table 4.

The test site located on State Highway 6 (SH6) near Dublin was con-
structed by District 2 (Fort Worth) personnel and was selected to represent a
relatively cool, moist climate typical of the rolling plains of Texas. This
test site will be subjected to approximately 55 "freeze-thaw'" cycles annually
as determined by air temperature (24). Such "freeze-thaw" cycles should not be
confused with true freeze-thaw cycles as per Test Method Tex-432-A. The test
site contains the code 2-SH6 for District 2 State Highway 6 in this report.

The test sites placed on United States Highway 62 (US62) and Farm-to-
Market Road 1730 (FM1730) near Lubbock were constructed by District 5 (Lubbock)
personnel and were selected to represent a relatively cold, dry climate typical
of the high plains area of Texas. These test sites will be subjected to approx-
imately 85 "freeze-thaw" cycles annually and will be referred to as test sites
5-US62 and 5-FM1730.

The test sites located on US59 and SH103 near Lufkin were constructed

by District 11 (Lufkin) personnel and were selected to represent a relatively

19
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TABLE 4

LOCATION OF FIELD TRIAL SECTION

TRIAL

SECTION DISTRICT COUNTY HIGHWAY CONTROL AND SECTION NUMBER OF LANE GENERAL
DESIGNATION NO. AND WIDTH LOCATIONS
2-SH6 2(Ft. Worth) ERATH SH6 257-6 2-11 ft. lanes Dublin city
limit to 4
miles west of
Dublin
5-US62 5(Lubbock) LUBBOCK Us62 380-1 2-12 ft. aouth Lubbock city
bound lanes of limit to 3 mile
2 lane divided south west of
highway Lubbock
5-FM1730 5 (Lubbock) LUBBOCK FM1730 1344-2 2-10 ft. lanes Loop 289 south
to FM1585
11-US59 11 (Lufkin) ANGELINA Us59 176-3 2-12 ft. south Diboll south
bound lanes of 4 to Neches River
lane divided high-
way
11-SH103 11 (Lufkin) ANGELINA SH103 336-5 2-13 ft. lanes FM 1475 east to
Angelina River
14~SH95 14 (Austin) ' BASTROP 'SHY5 322-1 2-12 ft. lanes Elgin city
limit to 4

miles south of
Elein




Us 62
FM 730
LUBBOCK DUBLIN

SH 6 LUFKIN

SH 103 a
US 59 a

ELGIN
SH 95 A

FIG. 5. LOCATION OF TRIAL FIELD SECTIONS
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mild, wet climate typical of east Texas. These test sites will be gubjected
to approximately 20 "freeze—thaw" cycles annually and will be referred to
as test sites 11-US59 and 11-SH103,

The test site placed on SH95 near Elgin and constructed by District 14
(Austin) personnel was selected to represent a relatively mild, moist climate
typical of the upper coastal plain of Texas. This test site will be sub-
jected to approximately 25 'freeze-thaw'" cycles annually and will be referred
to as test site 14-SH95,

Values representing mean annual precipitation, mean annual temperature,
mean length of warm season and physiographic province of the United States
for each of these test sites are given in Table 5 (25). In addition to the
data given on Table 5, it should be realized that the sites near Lubbock
(5-US62 and 5-FM1730) and Dublin (2-SH6) are subjected to lower temperatures
and to more rapid rates of temperature drops. Definitive data are not avail-
able to illustrate the number of days that ice could be expected to form
in the seal coat aggregate, hence the term "freeze-thaw".

Traffic

Traffic volumes as determined by the Texas Highway Department for each
test site are given on Table 6. These volumes are two directional counts
and range from 1400 to 8,500 vehicles per day. Sites 5-US62 and 11-US59
are four-lane divided facilities. Estimated traffic volumes in terms of vehicles

‘per day per lane are as follows:

Test Site Number Vehicles per Day per Lane
2-SH6 775
5-US62 ' 1,750
5-FM1730 750
11-Us59 2,275
11-SH103 925

14-SH95 700
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TABLE 5

GENERAL ENVIRONMENTAL CONDITION AT TEST SITES

MEAN ANNUAL MEAN ANNUAL MEAN LENGTH OF MEAN AVERAGE AIR | PHYSIOGRAPHIC

TEST SITE LOCATION TOTAL PRECIPITATION, TEMPERATURE, WARM SEASON, * FREEZE-THAW CYCLES | PROVICES OF THE
INCHES °F DAYS UNITED STATES

2-SH6 (Dublin) 31.7 63.7 230 55 Central Lowlands
>~US62 (1 ubbock) 18.1 59.7 210 85 Great Plains
5-FM1730
11-0s59
11-SH103 (Lufkin) 48.1 67.1 245 20 Coastal Plains
14-SH95 (Elgin) 32.6 68.3 275 25 Coastal Plains

after references (24, 25)

*Number of days between the mean dates of last 32°F freezing in spring and first 32°F freeze in Fall.
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TABLE 6: TRAFFIC VOLUME AND PAVEMENT CONDITION PRIOR TO SYNTHETIC
AGGREGATE SEAL COAT !

TRIAL TRAFFIC SKID SURFACE WASHINGTON PAVEMENT SERVICEABLITY
SECTION VOLUME, NUMBER TEXTURE, EVALUATION SCORE, GD INDEX GENERAL CONDITION OF PAVEMENT
DESIGNATION Upd SN INCHES (2) (3)
40
(1)
2-SH6 1,525 31 0.0522 86 3.3 Localized cracking, slight rutting in
localized areas, no transverse or
longitudinal cracks of significance
5-US62 5,000 36 (TL) 0.035 (TL) 78 (TL) 4.0 (TL) Extensive alligator cracking in
localized areas where pack roadside
44 (PL) 0.073 (PL) drainage exists, moderate rutting in
localized areas, raveling in wheel
path at few locations
5-FM1730 1,500 30 0.019 66 3.2 Narrow pavement with localized rutting
in outside wheel path, some alligator
cracking in north end of project, trans-
verse cracking with some longitudinal
cracking present in certain area
11-US59 8,500 29 .037 (TL) 81 —_ Longitudinal and transverse reflection
.040 (PL) cracking from overlaid portland cement
concrete pavement, some cracks spalled
11-SH103 1,850 36 .037 95 -—_— Some localized rutting with alligator
' cracking, surfaced shoulder distressed
in some areas
14-SH95 1,400 0.33 0.048 _ 88 3.2 Minor amounts of cracking, flushing

evident in where paths in many areas,
strip seal patches utilized over entire

length of job

(1) Measured by putty impression test in inner and outer wheel paths.
(2) Rating system developed by Washington State Highway Department (33). TL - Travel Lane
(3) Measured with Mays Ride Meter at 50 m.p.h. PL - Passing Lane



Asphalt

Asphalt Type - Asphalt cements and emulsified asphalts were utilized on these

projects. Properties of these materials as determined by the Texas Highway
Department are shown in Table 7 and 8 for asphalt cement and emulsified asphalts,
respectively. No attempt was made in this project to use a single asphalt
cement or emulsion for all projects but rather the type of asphalt was selected
by the District performing the construction.

Emulsified asphalts were utilized in Districts 2, 11 and 14. District
14 utilized both cationic and anionic emulsions.

Asphalt Quantity - The amount of asphalt utilized on the trial sections was

determined by the District responsible for construction. These quantities
were established by experience or by a modified Kearby Method. The design
quantity was then altered plus or minus 15 percent on those sections which
were placed to study the effect of asphalt quantity on performance. Design
asphalt quantities are shown on Table 9 for those sections constructed in
District 2, Table 10 for District 5, Tables 11 and 12 for District 11 and
Table 13 for District 14,

The difference in asphalt quantity between test sites is due in part to
the gradation of the aggregate and the asphalt surface demand of the roadway
upon which the seal coat was placed. Test sites 5-US62, 11-US59, 11-SH103
were designed specifically to study the effect of asphalt quantity on field
performance.

Aggregate

Aggregate Type - Synthetic aggregates A, B, D and H were utilized in this
study at all six test sites. The physical properties typical of these aggre-
gates are shown in Table 2., Detailed test results on those aggregates uti-

lized in the trial field section and determined by the Texas Highway Department
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TABLE 7: ASPHALT CEMENT PROPERTIES
—
TEST SITE
PROPERTY 5-US62 11-US59
2-SH6 | 5_pMi730 | 11-smi03 | L4-SH9O
ASPHALT TYPE AC-10 AC-5 AC-10 AC-5
ASPHALT REFINERY CODE 9 1 6 6
Viscosity, 140°F, Stokes 937 476 999 498
Viscosity, 275°F, Stokes 3.3 1.8 2.5 1.8
Penetration, 77°F, 100g, 5 sec. 118 135 94 181
Flash Point C.0.C., °F 600+ 540 600+ 600+
Solubility, percent 99.7+ 99.7+ 99.7+ 99.7+
Tests on Residue after
the film oven test
Viscosity, 140°F, Stokes 2432 1141 1763 934
Ductility, 77°F, cms 141+ 141+ 141+ 141+
Spot Test Neg. Neg. Neg. Neg.




TABLE 8:

EMULSIFIED ASPHALT PROPERTIES

TEST SITE

PROPERTY 2-SH6 11-US59  14-US95

11-SH103

ASPHALT TYPE FA-HVRS | EA-HVRS |EA-HVRS | EA-CRS-2

ASPHALT REFINERY CODE 22 23 22 23
] Viscosity, Furol, 122°F, sec. 116 251 169 167
| Residue by Distillation by Weight, percent 69.0 69.0 66.0 69.0
! 0il Portion of distillate, percent Trace Trace Trace Trace
% Sieve Test, percent 0.05 0.05 0.05 0.05
| Demulsibility 35 cc of N/50 79.0 73.0 81.0 83. 0%
E CaClz, percent :
; Settlement, 5 days, percent 1.6 1.6 1.7 1.6
' Penetration of Residue, 77°F 120 — 118 152
( Solubility of Residue in CaCl,, percent 99.8+ | 99.8+ 99,8+ 99.8+
. Ductility of Residue, 77°F, cm 100+ 100+ 100+ 100+
t

*this test performed with 35 ml 0.8 percent sodium dioctyl sulfosuccinate
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TABLE 9

DISTRICT 2 - TRIAL FIELD SECTIONS (2-SH6)

\ \

Aggregate \,\ Asphalt Cemgnt Anionic Fmulsion 5
Aggregate Spread \ 0.29 gal/yd 0.37 to 0.42 gal/yd
i} |
Source Rate \ Dry Moist Wet | Dry Moist Wet
160:1 X X
Clodine 180:1 X
200:1 X X
? 0:
Dallas ; 110:1 X X X X X X
L 125:1 X X
4 Eastlénd f 155:1 X X X X X X
: . 150:1 X X
Ranger X 165:1 P X X
’ . 180:1 L x X X X
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TABLE 10

DISTRICT 5 - TRIAL FIELD SECTIONS (5-US62 and 5-FM1730)

Us62

FM1730

Aggregate
Source

Aggregate
Spread
Rate

Asphalt Quantity gal/yd2

0.27 (0.29)

0.32 (0.34)

0.37 (0.39)

0.34

Clodine

120:1

135:1
140:1

X
X
X

X
X
X

X
X
X

b4 opd M

Dallas

120:1
135:1
140:1

P4

Lol ]

Eastland

120:1
135:1
140:1

>4

> opd B4

Ranger

120:1
135:1
140:1

LS ]

P4

L ]

Rl

* 0,27 refers to asphalt quantity in passing land.
(0.29) refers to asphalt quantity in travel lane.
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TABLE 11

DISTRICT 11 - TRIAL FIELD SECTIONS (11-US59)

Aggregate

Source

Aggregate
Spread

Rate

Asphalt Quantity
gal/yd2

Emulsion Quantity

gal/yd2

0.19

0.22

0.25

0.33

Clodine

120:
140:
150:

ol el

o e

[l I

o

X
X
X

Dallas

120:
140:
150:

el

SN }-Awnlh\r.‘wm‘rr—-’ pa—

LS

b R

Eastland

120:
140:
150:

e

Rl

> P

Range

120:
140:
150:

e

P e

RE—————

I o

e

Mo




TABLE 12

DISTRICT 11 - TRIAL FIELD SECTIONS (11-SH103)

Lt

_ Asphalt Quantity Emulsion Quantity
Aggregate gal/yd2 gal/yd2
Aggregate Spread
Source Rate 0.19 0.22 0.25 0.28 0.33 0.38
120:1 X X
Clodine 140:1 X X
150:1 X X
120:1 X X
Dallas 140:1 X X X X X X
150:1 X X
120:1 X X
Eastland 140:1 X X X X X X
150:1 X X
120:1 X X
Ranger 140:1 X X
150:1 { X X
o
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TABLE 13

DISTRICT 14 - TRIAL FIELD SECTION (14-SH95)

Asphalt Cement (0.36)

Anionic Emulsion 0.34 gal/yd2
Cationic Emulsion 0.38 gal/yd2

Aggregat
Aggregate Spread
Source Rate None 0 hours 24 hours None 0 hours 24 hours
105:1 X X X X X X
Clodine 120:1 X X X X X X
135:1 X X X X X X
105:1 X X X X X X
Dallas 120:1 X X X X X X
135:1 X X X X X X
Eastland 120:1 X X X X X X
105:1 X X X X X X
Range 120:1 X X X X X X
135:1 X X X X X X
Precoat 120:1 X X X X X X

X Indicates test section.




TABLE 14:

Aggregate Properties - District 2 Trial Section

Aggregate
Test Method & Size
A B D H
Tex-200-F, Sieve Analysis
(% By Wt.)
Ret, 5/8" 0 0 0 0
Ret. 1/2" 0.5 1.7 0 0
Ret. 3/8" 23.9 50.4 38.5 6.9
Ret. 1/4" 81.9 82.1 97.6 59.7
Ret. No. 4 92.4 90.3 99.1 90.0
Ret., No. 10 98.6 98.3 99.6 99.2
Tex-404-A, Unit Weight ,
(1bs./£t3) : |
Standard-As Received 49.99 40.64 50.25 50.05
Tex-431-A, Pressure Slaking
Standard Method
3/4"-No. 10(Loss, % By Wt.) 1.9 3.5 1.5 2.4
Tex-432-A, Freeze & Thaw Test
(% By Wt.)
Total Weighted Loss 7.5 39.4 8.4 13.5
Tex-410-A, Los Angeles Abrasion
Test (% By Wt.)
L. A. Abrasion Value-Type "C" 25.3

19.8 20.2 20.5




ve

TABLE 15:

Aggregate Properties - District 5 Trial Section

Test Method & Size Aggregate
A B D H
Tex-200-F, Sieve Analysis
(% By Wt.)
Ret. 5/8" 0 0 0 0
Ret. 1/2" 0.1 1.2 0 0
Ret. 3/8" 34.0 38.4 33.4 30.0
Ret. 1/4" 87.0 95.1 95.7 82.0
Ret. No. 4 96.0 97.5 98.3 9% .0
Ret. No. 10 99.0 99.4 99.0 99.0
| Tex-404-A, Unit Weight
' (1bs./£t3)
Standard-As Received 48.83 37.25 51.83 45.42
Tex-431-A, Pressure Slaking
Standard Method
3/4"-No. 10(Loss, % By Wt.) § 1.6 3.6 1.4 3.0
! Tex-432-A, Freeze & Thaw Test
: (% By Wt.) {
. Total Weighted Loss : 4.5 61.0 6.8 12.3
: Tex-410-A, Los Angeles Abrasion %
Test (% By Wt.) ¢
L. A. Abrasion Value-Type "C" ! 19.4 21.0 19.7 23.
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TABLE 16:

Aggregate Properties - District 11 Trial Section

Test Method & Size

Aggregate

D

i

{
3
i
i
;
|
:

i&F. A. Abrasion Value-Type '"C"

‘Tex-200-F, Sieve Analysis

! Tex—-432-A, Freeze & Thaw Test

¢ Total Weighted Loss

(% By Wt.)
Ret. 5/8"
Ret. 1/2"
Ret. 3/8"
Ret. 1/4"
Ret. No. 4
Ret. No. 10

Tex~404-A, Unit Weight
(1bs./£t3)
Standard-As Received

Tex-431-A, Pressure Slaking

Standard Method
3/4"-No. 10 (Loss, % By Wt.)

(% By Wt.) {

Tex-410-A, Loss Angeles Abrasion
Test (% By Wt.)

O WO 00 W
AN W OO
WwoH~on

46.75

3.0

3.5

20.7

~NWYOHWLMOoO O

OO
Ok

42,76

3.3

40.6

21.7

OO O W
~NogmNd oo
~ Lo

53.81

1.3

7.6

20.7

O 0 O
~N 0o W OO0
N O L B

48.09

3.5

12,6

25.4

A am




TABLE 17:

Aggregate Properties - District 14 Trial Sections

Test Method & Size

Tex—ZOOQF, Sieve Analysis

(% By Wt.)

Ret.
Ret.
Ret.
Ret.
Ret.
Ret.

5/8"
1/2"
3/8"
1/4"
No. 4
No. 10

Tex-404-A, Unit Weight

(1bs./£t3)

Standard-As Received

Tex—-431-A, Pressure Slaking

Standard Method
3/4"-No. 10 (Loss, %by Wt.)

Tex-432-A, Freeze & Thaw Test

(% By Wt.)
Total Weighted Loss

' Tex-~410-A Los Angeles Abrasion

Test (Z By Wt.)

L. A. Abrasion Value-Type "C"

Aggregate

A* A** B D H* H**
0 0 0 0 0 0

0 0.2 0.8 0 0 0
46.6 22.9 55.5 52.8 8.7 14.5
92.7 80.2 92.6 97.0 59.4 70.1
97.7 94.5 96.5 97.9 86.2 94.2
99.0 98.8 99.1 98.7 97.4 98.9
52.63 50.09 36.54 49.49 56.60 46.87
2.4 2.1 1.8 1.8 2.9 3.5
5.5 5.3 44.5 18.9 12.1 17.3
22.2 19.6 20.8 20.8 26.0 25.6

*placed in 1971
**placed in 1972




including gradation, unit weight, pressure slaking, freeze-thaw resistance
and Los Angeles Abrasion for Districts 2, 5, 11 and 14 are shown in Tables
14, 15, 16 and 17 respectively. Average gradation of the aggregates utilized
at the various test sites is given in Table 18, These gradations were ob-
tained from aggregate collected as it dropped on the roadway.

Considerable variation in the gradation for any one aggregate exists
among the test sites. Based on these gradations, which represent average
values of several tests, 75 percent of these aggregates would be rejected
if strict compliance to gradation specification were required. This re-
latively large percentage is due in part to the utilization of aggregate B
which is currently not produced for seal coats in Texas. Other noted variations
are related to plant control, sampling and testing technique and possible
degradation during shipping and construction operationms.

Aggregate degradation associated with materials handling operations
during shipping and construction has been considered important., Table 19
and 20 present gradation results for aggregate obtained at various points
in the materials handling sequence. Data scatter is evident from a review
of this information and may mask the true picture. For example, 10 to 15
percentage point increase in material retained on the 3/8-inch sieve is evident
from the data collected for the District 5 trial sections (Table 19) between
the point of shipment and the stockpile while an approximate 5 percentage
point increase is noted for the District 2 trial sections (Table 20). Signif-
icant differences on the No. 4 and No. 10 sieves cannot be established based
on these data. Perhaps the single most important factor evident from these
data is the importance of aggregate sampling and testing to establish a re-

presentative gradation. Stockpile segregation can be a major problem,
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TABLE 18: Average Aggregate Gradation

ACCUMULATIVE PERCENT RETAINED

£
A B D H g
—
2
T T T
\ [ | Tela 3]s r S o 31 u T2l .8 4 i 218 o] &
, N~ 0 =1 ) © Q ~ "o R = o' 3 59 | = £ o aQ A @ = =} =
| SIEVE; ol 2 gi 2 & B =2 @ 3 z g @ #E g g, 85 | 4 wa = 5|l e 2 © ¢ 2
szp | B85 BT 008803 R IR I I RO T B IR I SRR I
! i &k A4l 4 5004 A A a a = o~ ) W — - - o~ n o oA - - @
T T T ’ : - T
58 [ 0ol oi 0 0 of 0 .2 .5 0.1: .1 2. 0p 0 o 0o/ .1 1 ol of o ol of o 0 0
- ~— T -
i ; i ] ! ‘
172 1.2, 1.7 1.5 1.4 1.2] 1.4: 3.0 . 5.6| 5.1 4.2 2.9i 8. .3 .90 6| b 71 23] .2 11012 16 1] 1 0-5
- - : , R i !
3/8  24.4 32.2 31.4 38.8 38.5/31.6'49.6 ; 60.1| 48.8 34.4| 43.2,34.0'25.9-50.0|31.4 |37.7 |[36.9)43.2} 9.2 ;22.1]19.3,24.3{13.1/16.9 | 20-40
llﬂo. 4 93.1 91.6 95.4 96.0 95.6[92.9°93.3  93.2! 90.7 .83.9( 89.4 [83.9 96.6,97.4{96.9 98,0 |[94.1{96.5(87.1 |91.3{91.0/92.8{86.3[90.2 | 95-100
; : “— }
{ .
fﬂo. 10 98.9 97.9 99.1 98.2/98.1/97.9 98.1 97.8| 97.0 l97.8 96.5195.1199.0,98.3{98.7 {98.9 [97.7|97.897.0|98.098.2(98.0|93.9/97.4 | 98-100

* Texas Highway Department Specification Item 303,‘

"Aggregate for Surface Treatments (Lightweight), Grade 4




TABLE 19: Gradation of Aggregate B Sampled at

Various Locations during Transportation

to and Construction at District 5

Trial 56 Field Sections

Accumulative Percent Retained

SAMPLE
Sieve Size
LOCATION -
5/ in. 1/2 in. 3/ in. No. 4 No. 10
Rail Cars 0 5.2 45,5 93.1 93.0
0 0 30.8 89.8 98.1
After loading 0 0.2 36.8 92,2 97.8
0 2.1 40.0 95.7 99.0
0 2.2 34.1 84.6 92.7
Average 0 1.9 37.4 91.1 97.1
Stockpile Sampled 0 2 67 23 100
And Tested By District 0 L 43 91 98
v 0 5 45 91 97
5, THD 0 7 41 86 96
Average 0 3.8 49,5 91.5 97.8
Stockpile Sampled and 0 1.9 54.1 95-; 98'3
Tested By TTI 0 2.6 54.7 95. 99.
Average 0 2.3 54.4 95.1 98.9
Stockpile Sampled and
L i d - '4
Tested by Div. 9, THD 0 1.2 78.4 7.5 9
Roadway Sampled- And 0 5.1 48.8 90.7 97.0
Tested By TTI* 0.5 5-6 60.0 93.2 97.8

*represent average values of materials placed on 5-US62 and 5-FM1730.
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TABLE 20:

Gradation of Aggregate B Sampled at
Various Location during Transportation
to and Construction at the District 2
Trial Field Site

Accumulation Percent Retained

SAMPLE Sieve Size

LOCATION 5/8 in. 1/2 in. 3/8 in.  No. 4  No. 10

Trucks After 0 3.8 41,2 91.5 97.4

Loadi 0 2.0 51.6 99.4 99.7

cacing 0 2.2 53.8 97.9 99.4

0 2.5 38.3 93.9 99.0

0 .2 40.1 80.0 98.9

Average 0 2.1 45.0 92.5 98.9

Stockpile 0 1.7 50.4 90.3 98.3
Sampled and Tested %
By Division 9, THD I

Roadway Sampled 0.2 3.0 49.6 93.3 98.1

*
and Tested By TTI

*represents average of 13 tests made during construction.




In addition to gradation several of the aggregates utilized in this
study possessed freeze-thaw test values in excess of the 7 percent allowed by
the Texas Highway Department (12). Aggregate from source B and H exceeded
these limiting values based on samples obtained at all trial section sites.
Field evaluation of these materials during the next five years may result
in alteration of this specification.

Agpregate Quantity - The amount of aggregate utilized on the trial sections

was determined by the Districts responsible for construction with consult-
ation in some cases with D-18 perconnel., The design quantity was then altered
plus or minus about 15 percent on those sections selected to study the effect
of aggregate quantity on performance. Quantities of aggregate utilized are
shown in Tables 10, 11, 12 and 13. A suggested design procedure to establish
asphalt and aggregate quantities is proposed in a later section of this report
in order that comparison between field suggested quantities and quantities

based on field experience can be compared.

Construction
Construétion was performed by Texas Highway Department maintenance crews
in the respective districts. Self-propelled asphalt distributors and aggre-
gate spreader were utilized in all cases. Rolling was accomplished with
pneumatic tired rollers. Traffic control varied among projects.
Construction dates were as follows:
District 14 - October 22 and 26, 1971 and July 24, 25 and 26, 1972
District 2 - August 1 and 2, 1972
District 11 - August 8, 9, 10 and 21, 1972
District 5 - August 22, 23 and 24, 1972

Results of these trial sections will be discussed in a chronological order.



DISTRICT 14 TRIAL FIELD SECTIONS

Trial field sections were placed on State Highway 95 south of Elgin,
Texas, on the 22 and 26 of October 1971 and July 24, 25 and 26 of 1972,
They layout of these test sections is shown on Table 21. As noted the main
variables investigated were asphalt type, aggregate quantity, aggregate
type and simulated rainfall (Table 13).

Codes for identification of these test sections have been established
and are illustrated below:
r=district number
aggregate quantity (ratio of square yards to cubic yards)

asphalt quantity (gallons per square yard)

= simulated rainfall (None, 24 hrs)

!

14-M(135)C-(0.35)E(N)

|--—--type of asphalt (Asphalt cement, Emulsion)
SOURCE OF AGGREGATE
traffic level (Light, Medium and Heavy)

This code will be used throughout this report.

Tests conducted prior, during and after the construction of this project
include: environmental data, surface texture, asphalt quantities, aggregate
quantities, aggregate gradation, skid resistance, surface texture and visual
performance rating. The results of these tests are discussed below.

Construction Sequence

Construction was performed on October 22 and October 26, 1971, utilizing
anionic emulsion., The sections containing the‘Clodine, Dallas and Eastland
aggregates were constructed on October 22 while those sections containing the
Ranger and Precoated aggregates were constructed on October 26. Those sections

placed utilizing asphalt cement and cationic emulsion were placed on July 24,

25 and 26, 1972
4?2



The construction sequence as shown on Table 21 indicates that sections
containing a single aggregate type were constructed continuously with the
southbound lanes placed before the northbound lanes.

Delays between the asphalt shot and the aggregate placement as shown
on Table 21 ranged from about 30 minutes during the cooler and high humid-
ity environmental condition to about 5 to 6 minutes during the warmer and
dry parts of the day. These long delays were necessary as the coverstone
should be applied after the emulsion is partially broken.

A pilot car was utilized together with signing to control traffic.
Thus the traffic speed was controlled until the days' construction was
complete.

Construction Equipment

Texas Highway Department District 14 maintenance equipment and crews
were utilized for placement of the trial sections. A self-propelled spreader,
4-cubic yard dump trucks and pneumatic tired rolling equipﬁent were utilized
(Figure 6). Excess aggregate was removed from the pavement by brooming one
day after comstruction,

Environmental Data

Temperature and humidity readings were made periodically during the
construction operations for all projects. Average humidity conditions for the
months of October, November and December of 1971 as a function of the time of
day are shown in Table 22 and for July, August and September of 1972 on Table
23 (26). The humidity, temperature and rainfall data shown in Table 22 and
Figures 7 and 8 are important in that they control to a certain degree the rate
the emulsion breaks or loses its water which in turn controls the viscosity

of the emulsion and thus the bond tenacity.



TABLE 21: Field Construction Data - 14 SH 95

(1) Roadway stations
(2) Determined from spreader
box measurements
(3} Determined from roadway samples

Aggregate Gradatten

vy

Sectton Lane Locatton(l) [Type Amount jof Asphalt | Type Quantity of Time Aggregate Accumulatlve Percent Visual
Number From To of al/yd of Aggregate Date of Asphalt Rock Land Moisture Retained Evaluatton

Asphaic [Des{gn THD TTL | Aggregate | Design I TT1(7) | TT1(3) Comstruction _ Shot At Placed At Content Percent 1/2 inch  3/8 Inch No. 4 No. 10 16/27/71 S/15412 w/11/72 6/4/73
14-M(205)C-(0. 34)E(N) 1 SBL | 126+36 119451 JAE 0.36 0,35 - H 105 - 80 10/22/71 9:47 10:20 14.8 0 16.8 88.6  98.0 335 30,8 24,2
14-4(120)C-(0.34)EMN) | sBL | 119+51 123+11 |AE 0.3%  0.3506.37 | H 120 130 100 " 9:49 10:25 14.5 ] 14.1 88.3 98,2 3.8 29.5 29.2
14-M(135)C~ (0L 34)E(N) | saL | 123411 127+16 [AE 0.3 0,350.39 | H 135 140 105 " 9150 10:40 15.5 0 16.0 90.0  97.8 3.4 29.2 28.8
14-M(105)C~(0,34)E(N) | NBL | 216+36 119451 |AE 0.3 0.3 0.37 { H 105 105 65 " 12:45 1:05 15.4
16-4(120)C~(0.34)E(N) | NBL § 119451 123+11 {AE 0.3 0,36 0.31  H 120 115 105 . 12:43 1:00 14.2
14-M(135)C-(0,30)E(N) | NBL | 123411 127416 fAE 0.3 0.3 -- |4 135 135 120 " 12:40 12,55 17.7
14-4(105)C-(0.34)E(24) | sBL | 127416 133+46 |AE 0.3 0,3% - |H 105 105 55 " 10.52 - 0 13.9 87.5  97.3 0.7 1.4 28.6
14-M(120)C-{0,34)E(24) | SBL | 133446 140+66 |AE 0.3 0,34 0.3 | H 120 1 110 " 10:55 16.6 0 15.6 88.1 96,4 33.4 30.6 30.4
14-4(135)€-(0.34)E(24) | SBL | 140+66 148476 [AE 0.3 0.3 0.3 [ K 135 130 125 * 11:00 18.7 o 18.5 91.2 98,1 36,1 .2 27.0
14-M(105)C-(0.34)E(24) | NBL | 127+16 133+46 |AE 0.3  0.340.% | 8 105 110 100 " 12:05 17.7 0 18,5 92,8  98.5
14-M(120)C-(0.34)E(24) | WBL | 133+46 140466 |aE 0.3 0.3 0% |[H 120 105 65 " 12:00 13.2 [ 19.0 92.6 98,3
14-#(135)C~(0,34)E(24) | NBL | 140+66 148+76 JAE 0.3¢  0.34 0,35 | H 135 110 105 " 11:56 - 0 17.6 91,6 97.8
14-M(105)0-(0. 37)E(N) SBL | 148476 151491 | 0.37  0.36 -- B 105 15 100 " 1:35 16.7 1.1 36.4 89.4  96.3 31.6 28.2 2.8
16-M(120)0-(0.37)E(N) | sBL | 151481 15545) |AE 0.37  0.36 0.36 | B 120 120 95 " 1:37 14,5 2.3 39.0 92.5  98.4 31.7 27.5 26.4
14-H(135)D- (0. 37)E(N) SBL | 155451 159+56 [AE 0.37  0.36 0.33 { B 135 140 10 " 1:39 - [ 6.2 87.5  96.2 33.5 30.2 2.6
14-M(105)D~(0.37)E(N) | NBL | 148+76 151491 |AE 0.37  0.36 - B 105 110 70 ” 3:00 17.7
146-#(120)0-€0.37)EN) | NBL | 151491 155451 [AE 0.37  0.360.38 | B 120 120 120 " 2:58 2.4
16-M(135)D-(0, 37)E(N) NBL | 155451 159456 JAE 0.37 0.3 0.33 | B 135 130 80 " 2:57 18.7
14-M(105)D~(0.37)E(24) | SBL | 159456 165+86 {AE 0.37  0.36 0.37 { B 105 110 100 N 1:40 18.3 1.2 40.6 91.6  97.2 3.4 29.9 27.0
14-M(120)D~(0.37)E(24) | SBL } 165+86 173+06 |AE 0.37  0.370.32 | B 120 110 95 " 2:00 17.8 1.6 36.9 91.1  98.4 .6 30.0 28.0
16-M(135)D-(0.37)E(24) | SBL | 173406 181416 |AE 0.37 0,37 0.40 | B 135° 135 100 " 2:05 7.8 8 37.2 88.3  96.6 3.1 31.9 29.2
14-¥(105)D-(0.37)E(24) | NBL | 159+56 165+86 |AE 0.37  0.360.37 | B 105 115 100 " 2:55 17.1 3.1 41.9 86.3  94.2
14-M(120)D~(0, 37)E(24) | NBL [ 165486 173406 [AE 0.37 0,37 0.38 [ B 120 120 90 N 2140 3 17.0 1.3 35.6 88.6 97.1
16-M(135)D~(0,.37)E(24) | HBL | 173406 181416 |AE 0.37  0.370.43 | B 135 135 140 " 2:35 2:40 9.8 1.6 41,4 . 93.2  98.9
24-4(120)E~(0. 39)E(N) SBL | 181+16 184+76 |AE 0.39 0,40 - D 120 110 140 " 3:30 3:39 6.7 .5 46.4 96.1  97.9 4.1 35.5 32.8
14-M(120)E-(0.39)E(24) | SBL } 184+76 191496 JAE 0.39 0.40 0,39 [ D 120 130 — » 3:35 3342 - 0 3.7 93.8  96.8
14-M(120)E-(0.39)E(N) | NBL | 181416 184476 |AE 0.39  0.40 — D 120 125 115 " 3:57 4:08 5.7 [} 47.7 96.1  97.8
14-M(120)B=(0,39)E(24) | NBL | 184+76 191496 |AE 0.39 0,39 0,40 | D 120 125§ 100 10/22/71 3:52 4.02 7.9 0 40,5 97.7  98.6
14-M(105)R-(0. 3INEN) | SBL ] 191496 195+16 [aE 0.37  0.380.36 | A 105 10 110 10/26/71 11:02 11:18 2.5 2.1 36.2 95.5 98.7 28,8 31.9 30.0
14-M(120)R-(0.37)EQ) | SBL | 195+16 198471 {AE 0.37  0.380.40 | A 120 110 120 " 11:04 11:20 7.8 2.8 34.8 93,8  98.2 30.6 32.0 31.0
14-1(135)R-(0,49)E(N) SBL | 198471 202+16 [AE 0.69 0,47 0.50 | A 135 135 - " 1131 11:47 10.3 2.1 39.8 96.3 99,1 31.0 33.0 2.4
14-M(105)B-(0.37)E(N) | NBL | 191496 195+16 [AE 0.37  0.380.40 | A 105 110 90 " 1:35 1:61 1.1
14-M(120)R~(0. 37)E(N) | NBL | 195+16 198+71 [AE 0.37  0.38 0.31 | A 120 120 85 » 1:32 1:% 1.7
14-M(135)R-(0.49)E(N) | NBL | 198+71 202+16 [AE 0.49  0.47 0.49 | A 135 133 105 " 1:10 1:21 9.2
14-M(105)R-(0.49)E(24) | SBL | 202+16 209+16 [AE 0.49 0,47 0.47 | A 105 105 100 N 11:35 11:50 9.6 2.2 36.2 95.1 98.5 30.4 32.9 2.8
16-M(120)R-(0.49)E(24) | SBL | 209+16 216426 [AE 0.49  0.47 0.45 | A 120 110 120 " 12:06 12:22 8.2 2.2 35.1 95.5  98.6 29.8
14-M(135)R-(0.49)E(24) | SBL [ 216426 224+36 (AE 0.49  0.49 0.54 | A 135 135 150 " 12:12 12:29 8.2 2.3 38.4 95.8 98.6 30.4
16-M(105)R-(0,49)E(24) | NBL | 202416 209+16 |AE 0.49  0.47 0.46 | A 105 105 95 » 1:06 1:19 9.5 1.9 28.8 93.0 97.9
14-M(120)8-(0.49)E(24) | NBL | 209+16 216+26 |AE 0.49  0.47 0.48 | A 120 110 80 " 12:40 12:59 9.4 2.4 37.5 95.5  98.7
14-M(135)R=(0.49)E(24) | NBL | 216+26 224+36 [AE 0.49 0,49 0.44 | & 135 130 120 " 12:35 12:53 8.7 3.8 4.7 97.0  98.9
14-M(220)PB~(0.49)EN) | SBL | 224+36 227496 |AE 0.49 0,49 0.49 | M 120 120 90 . 2:00 2:06 .8 4 3.1 97.5 99.4 35.7 35.8 3.2
14-M(220)PB-(0,49)E(N) | SBL | 227496 235+16 [AE 0.49  0.49 0.51 | M 120 120 90 . 2:05 2:16 1.1 ] 29.3 96.3  99.2
14-M(120)PB~(0,49)E(N) | NBL § 224+36 227496 |AE 0.49 0.50 0.52 M 120 120 80 " 2:21 2:30 1.1 .3 36,6 97.5  99.5
14-M(120)PB-(0.4DEN) | NBL | 227496 235416 |aE 0.49  0.50 0.47 | M 120 120 70 10/26/71 2:17 2:25 1.5 .2 32.3 97.4  99.4
L4=H(105)C-(0.36)AC(N) { saL | 235416 238+31 {AcC 0.36 0,35 H 105 95 /24172 9:52 10:00 3.5 34.0
14=M(120)C~(0.36)AC(N) | SBL | 238+31 241491 |AC 0.36  0.35 0.3 | H 120 185 85 " 9:52 10:02 18,3 0.6 17,3 88.6  96.9 31.9 33.6
14-M(135)C~(0. 36)AC(N) | SBL | 241491 245+36 |AC 0.3  0.35 H 135 us " 9:56 10:04 28,9 33.4
14-M(105)C~(0.36)AC(N) | NBL | 235+16 238+31 [AC 0.3  0.37 H 105 105 " 11:20 11:25
14-M(120)C-(0.36)AC(N) | NBL | 238431 241491 |AC 0.3  0.370.38 | & 120 120 75 » 11:18 11:22 18.6 [ 26.8 92.6  98.6
14-4(135)C-(0.36)AC(N) { NBL { 241491 245+96 |aC 0.3  0.37 H 135 145 " 1:17 11:20

T

14-M(105)C~(0.36)AC(R) | SBL | 245+96 249+11 |ac 0.3  0.350.37 | ¥ 105 100 145 " 10:06 19.6 0 20.2 88.0  95.9 .5 4.2
14-(100)C-(0. 36)AC(R) | SBL { 249+11 252471 |AC 0.3 0.35 H 120 110 " 10:08 32.1 36,1
14-M(135)C-(0,36)AC(R) | SBL } 252471 256+76 [aC 0.3  0.35 H 135 130 " 16:09 29.9 3.2
14-M(105)C~ (0. 36)AC(R) [NBL | 245+96 249+11 [aC 0.3 0.37 H 105 100 " 1:l6
14~M(120)C-(0,36)AC(R) | NBL | 249+11 252471 faC 0.36 0.37 H 120 120 " 11515
16-M(135)C-(0.36)AC(R) |wBL | 252471 256476 ac 0.3  0.37 H 135 140 " 11:13
14-4(105)C-(0.36)AC(24) | sBL | 256+76 259+91 |ac 0.36 0,37 0.20 | H 105 95 65 " 10:46 19.1 0 21.1 90.9  97.4 1.8
14-M(120)C~(0.36)AC(24) [ sBL [ 259+91 263+51 faC 0.3  0.37 0.24 [ H 120 110 110 " 10:48 19.4 0 21.0 89.4  96.9 30.3
14-M(135)C~(0,36)AC(24) [ sBL | 263+51 267456 [AC 0.36 0.370.39 | B 135 155 65 " 10:51 17,7 26,9




Amount,of Asphalt

TABLE 21 (Cont'd)

Quantitv of

Aggrogate Grada

!
Section Location (1) of wlfvd Type Aggregate 1 Aggrepate Accumalative bor v Yinigl
" el - N . oy Jate Asphalt Rovk Land Moisture Retained Eviluation
Number lane From  To Asphalt Design THD TTI Aggregate Desiga TTI(Z) 7710 | Shat At Placed At Content Pereent 1! ineh VB Ao B i ‘;/12/73___}»’11;7. an it
16-M(105)C-(0.36)AC(24)] NBL | 256476 259491 |ac 0.3 0,37 H 105 90 - 11:08
14-M(120)C- (0. 36JAC(26)] NBL [ 259491 2651 [aC 0.3% 0.3 0.3 |n 120 115 " 11:06
14-M(135)C-(0.36)ac(24)] BoL | 263451 267456 |ac 0.36  ©0.37 0.3 (H 135 135 100 " 1:04 18.9 a 2.7 9r.3 96,4
14-M(105)€-(0. 39)AC(N) | SBL | 267456 270+71 [AC 0.39 0,38 " 105 " 11:51 11:22 28.5
14-M(120)C-(0.39)AC(N) | SBL | 270471 274e31 [ac 0.39  0.380.35 |8 120 115 " 11:53 11:56 22.8 1 18,2 92.1  98.2 27.8
14-M(135)C-(0.39)AC(N) | SBL | 274431 278+36 |ac 0.39  0.380.26 |H 135 120 - 11:55 11:56 23.6 0.3 33,3 87.3  96.8 27.4
14-M(105)C~(0.39)AC(N) | NBL | 267456 270+71 {ac 0.39  0.39 H 105 N 1:04 1:07
14-M(120)C-(0.39)AC(N) | NBL | 270471 274431 {aC 0.39  0.39 H 120 105 - 1:02 1:05 26.0 0.3 26.2 9.8 94.9
14-H(135)C- (0, 39)AC(N) | waL | 276431 278436 |ac 0.39  0,390.30 {u 135 155 " 1:01 1:0% 2.5 1.3 .1 50,2 93.2
14-#(105)C=(0,39)Ac Ny | see | 278436 281451 [ac 0.3  0.38 H 105 11:55 11:58 29.1 312
16-8(120)c-(0.39)ac(N) | saL { 281451 285411 ac 0.39  0.39 H 120 115 12:13 12115 27.6 1.3 45,5 88.0  97.4 27.5 3.0
14-M(135)C-(0.39)AC(N) | SBL | 285+11 289+16 JaC 0.39 0.3 ' 135 - 12014 12:15 %.5 0.8
14-M(105)C-(0,39)AC(N) | sBL | 278+3s 281451 |ac 0.3 0,39 H 105 " 1:00 1:01
14-4(120)C~(0,39)AC(N) | NaL [ 281451 285411 JAC 0.39  0.39 H 120 ” 12:45 12:48
14-1(135)C~ (0. 39)AC(N) | NBL [285+11 289+16 {aC 0.39 0,39 0.53 [H 135 120 " 12:04 12:46 23.4 1.2 1.3 735 89,3
14-1(105)D~(0.39)AC(26){ SBL | 289+16 292431 |AC 0.39 0.3 B 105 M 12:15 12:20 27, 31.0
14-M(120)D-(0. 39)AC(24)] SBL 1292431 295491 |AC 0,39 0.39 0.3 |B 120 " 12:17 12:22 10.2 0.4 2.1 830 93.3 3.0 31,0
16-M(135)D-(0. 39)ac(26)] oL | 295491 299496 {ac 0.39 0.3 B 135 " 12:20 12:26 28 oS
14-1(105)D-(0,39)AC(26)] NBL | 289+16 292431 fac 0.39 0.3 B 105 " 12:43 12145
14-M(120)D-(0. 39)AC(24)] WpL | 292431 295491 ac fo.39 0.3 B 120 70 N 12:40 12:61 21.8 0.2 LTS 67.4 92,5
14-#€135)D~(0, 39)AC(24) ML | 245491 299496 [ac 0.39 0,39 B 135 " 12:37 12:38
16-4(130)E-(0.41)AC(N) [ S8 {299+96 303456 [AC 0.41 0,40 p 120 " 1:25 1:27 9.0 8.4
14-4(120)E-(0.41)AC(R) | SBL | 303456 307416 {ac 0,41  0.400.39 |D 120 95 - 1:29 1:30 1.6 0.3 2.3 9.0 97.3
14-H(120)E-(0.41)Ac(28)] SBL | 307+16 310+76 |AC 0.41  0.40 » 120 " 1:33 1:3
14-M(120)E~(0.41)AC(N) | WBL | 299496 303456 [AC 0,41  0.44 1y 120 115 - 1:45 1146
14-(120)E~(0.41)AC(R) | WeL | 303436 307476 |ac 0.41  0.46 0.43 D 120 120 85 " prs 1:48 12.9 0.3 43,7 97,1 9a.2
24-M(120)E~(0.41)AC(24)) WaL | 307416 310476 Jac 0.41  0.44 D 120 120 " 1:48 1:50
14-M(105)R~(0.39)AC(N) | SBL [ 310476 313491 fac 0.39  0.40 A 105 " 2:05 2:08 %.8 .0
14-M(120)R-(0.39AC(N) | sar | 313092 317451 |ac 0.39  0.40 A 120 - 2:06 2:09 32.4 3506
16-M(235)R-(0, 39)AC(N) | SBL | 317451 321456 {AC 0.3  0.40 0.38 |a 135 160 80 - 2:08 2:10 15.2 0.9 29.8 92,9 98.2 29.5 2.5
14-4(105)R~(0.39)AC(N) | NBL | 310476 313491 |AC 0.39  0.39 A 105 140 ” 3:13 3115
14-M(120)R~(0.39)AC(N) | NBL | 313091 317451 Jac 0.3 0.3 A 120 120 - 311 3:13
16-M(135)R-(0.39)AC(N) | NBL [317+51 321456 [ac 0.39  0.39 0,45 [a 135 100 100 - 3:10 3:12 6.9 1.2 315 89.5 96.8
14-4(105)R~(0.39)Ac(N) | saL | 321456 324471 ac 0.39  0.40 A 105 115 2:10 112 a1 2
14-M(120)R-(0. 39)AC(R) | s | 324471 328+31 {Ac 0.39  0.38 A 120 120 2:27 2:28 32.9 3
14-1(135)R-(0.39)AC(R) | s | 328+31 332436 |ac 0.39  0.38 A 135 145 " 2:29 2:30 0.9 2
18-(105)R~ (0, 39)ac(®) | nmL | 321456 324471 Jac 0.3 0.3 A 105 100 " 3:08 3:10
14-M(120)R=(0.39)AC(R) | maL | 324471 328431 {ac 0.39  0.39 A 120 125 - 2:50 2:51
16-M(135)R=(0,39)ac(m) | ML | 228031 332436 |ac 0.39 0,39 A 135 120 " 2:d 2:48
14-M(105)B~ (0, 39)AC(26)] SBL [ 332436 335+51 [AC 0,39  0.380.36 (A 105 100 " 2:30 2:31 12.4 1.8 2.0 92.3  97.5 32.0
24-M(120)R~(0,39)AC(24)] SBL { 335415 339+11 |AC 0.3  0.38 a 120 125 " 2:3 2:33 2.5
14-4(135)R=(0.39ac(26)] sBL | 339+11 343416 Jac 0.3  0.38 0.3 |a 135 100 75 2:32 2:35 9.3 1.5 0.4 89.1  96.9 29.1
16-H(105)R-(0.39)Ac (26)] WAL | 332436 335451 |ac 0,39 0.3 0.2 [a 105 100 60 " 2:45 2:47 6.3 0.83 26.5 86.3  95.9
14-M(120)R- (0. 39)AC(24)] WBL | 335451 339411 {ac 0.3 0.3 A 120 120 2:44 2:45
14-M(135)R~(0, 39)AC(24)] NBL | 339+11 343+16 |AC 0.39  0.39 A 135 140 2:42 2:43
26-M(120)P-(0.39)AC(R)| SBL | 363416 346476 [ac 0.3  0.40 M 120 90 " 3125 3:27 .6 2.8
14-M(220)PB-(0.39DAC(R)] SBL | 346+76 350+36 |AC 0.39  0.40 0,39 |M 120 120 95 N 3:27 3:30 1.8 0.4 8.6 98.1  99.5
14-4(120)DB~(, 39)AC (26)] SBL |350+36 353496 AC 0.39 0,40 0.42 |M 120 135 " 3:29 3:35 2.6 0.2 4.6 9.5 99.5
14-M(120)D- (. 39)ACH) | 8L [ 363¢16 346476 [ac .39 3 M 120 130 3:38 3345
14-H(120)DB=(. 39)AC(R) | WBL | 346+76 350+36 JAC 0.39  0.39 0.24 |u 120 130 ; 341 3:46
14-M(120)PB- (. 39)AC(26)] NBL | 350436 353496 [ac 0.39  0.39 0.26 [u 120 125 3:44 3:47
14-M(110)C~ (. 38)CE oL | 353436 367416 |cE 0.38  0.38 0.40 |n 10 90 7/25/12 9:28 11.2 0 153 90.5 97.8 3.8 34,3
14-4(125)C~(. 38)CE S8L [ 367416 385+91 {CE 0.3  0.38 0.50 [H 125 135 120 " 9:49 10,4 0.4 18.3 90.2  96.95 2.1 35.5
14-H(140)C-(. 38)CE SBL | 385+91 406491 |CE 0.38 0.380.39 |H 140 125 " 9155 101 ° 18.3 92.7 98.1 32.7 32.8
14-H(110)C- (. 38)CE NBL | 353436 367416 Jce 0.38  0.39 0,48 |n 110 110 50 " 12:29 8.0 0 9.8 88.1 97.5
14-4(125)C-(, 38)CE NBL | 367+16 385491 |CE 0.38 0,38 0.45 |H 125 125 75 " 11:16 8.0 0.5 10.3 50,4 97.6
14-M(140)C-(. 38)CE NBL | 385491 406491 |cE 0.38  0.38 0.4l |H 140 140 100 " 10:46 9.6 0 19.6 91.2  98.0
14=4(110)R=(.46)CE SBL | 406491 420411 |CE 0.46 0,45 0.51 [a 110 115 75 " 12:49 6,1 1.9 28.0 91,23 98.5 12,6
14-M(125)R~ (,46)CE SBL | 420+11 438+86 cE 0.46  0.450.26 |a 125 130 70 N 1:11 12,7 1.2 18.2 93,7 96.6 My
14-M(140)R- (. 46)CE SBL {438+86 459486 |CE 0,46 0.43 0.40 | A 140 150 1126172 8:35 10.1 1.6 2.2 96.2  98.7 [0
14-M(110) R~ (. 46)CE noL | 406491 420411 [cE 0.46  0.44 0.48 |a 110 120 212572 2:03 0.6 22.4 1.1 96.9
14-M(125)R~(,46)CE NBL | 420411 438486 [CE 0.46  0.46 0,51 |a 125 120 105 7/25/72 1% 8.9 1.4 37,95 92.6 97.7
14-M(140)R- (. 46)CE NBL | 438486 459+86 ICE 0,46 0.44 0,43 A 140 7/26/72 9:08 2.8 3.1 94.7 98.8




TABLE 22:

Average Monthly Temperature Relative Humidity at
Austin, Texas - 1971

TIME TEMPERATURE AVERAGE MONTHLY
{ MONTH OF OF H RELATIVE HUMIDITY
§ DAY MAX. MIN. PERCENT
| October 12:01 a.m. 81.3 | 63.1 86
; 6:00 a.m. 90
! 12:01 p.m. 63
3 6:00 p.m. 64
§ November 12:01 a.m. 70.6 50.3 77
{ 6:00 a.m. 86
: 12:01 p.m. 57
6:00 p.m. 58
—
j December 12:01 a.m. 65.2 47.6 80
i 6:00 a.m. 86
12:01 p.m. 71
6:00 p.m. 73
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TABLE 23:

Average Monthly Temperature and Relative Humidity - 1972

TEMPERATURE RELATIVE HUMIDITY
LOCATION MONTH OF PERCENT
MAX. MIN. 12:01 a.m.}6:00 a.m.{12:01 p.m.}6:00 p.m.

July 91.8 69.7 67 82 55 46

ABILENE Aug. 89.3 68.4 74 81 62 55
Sept. 85.2 65.4 75 83 65 58

July 91.7 72.9 79 88 53 53

AUSTIN Aug. 92.9 73.3 77 87 54 52
Sept. 92.1 72.7 76 85 53 52

July 94.0 72.2 72 89 51 A

FT. WORTH Aug. 95.8 73.5 69 84 49 47
Sept. 90.4 71.1 79 93 63 57

i

July 86.7 66.3 69 | 79 60 47

LUBBOCK Aug. 84.5 64.2 77 : 88 61 55
Sept. 81.3 60.6 83 89 62 55

July 90.2 70.3 94 97 62 72

HOUSTON Aug. 90.5 70.0 95 98 62 69
! Sept. 89.4 69.8 98 99 66 77

%
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peration on trial field sections.

Figure 6. Typical seal coat ©
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Construction was delayed on October 22 due to the low air and associated
ground temperature. The first emulsion was shot at 9:47 a.m, The emulsion
did not break sufficiently until 10:15 a.m. at which time the coverstone was
applied. Construction records indicate that an air temperature of 65°F and
90 percent relative humidity existed during the period of early morning anionic
emulsion asphalt shots of August 22, 1971, Five to ten minute delays between
as@halt and aggregate applications were common by 1:00 p.m, with air temperatures
of 75°F and relative humidity of 65 percent. No pavement temperatﬁre measure-~
ments were made, The construction was initiated under marginal environmental
conditions., A light rain fell in the general area on the 23 of October, but
local residents did not note precipitation at the construction site.

Construction began on October 26 at 11:02 a.m. The initial asphalt shot
was delayed due to the relatively low temperatures, high humidity and overcast
skies (70°F, 90 percent relative humidity). The temperature and relative
humidity at the time of the first asphalt shot were 75°F and 78 percent,
respectively., A 15-minute delay was experienced under these conditioms.

About 0,40 inches of rain fell on the test site during the night and next
day. Initial precipitation commenced about 10 hours after construction was
completed. These environmental conditions can be considered marginal for
emulsion seal coat construction.

Simulated rainfall was applied with a water truck to selected sections.
Approximately 0.50 inches of water was applied to those sections placed in
October 22, 1971 on the 23 of October 1971, Rainfall during the night of

‘October 26 and the morning of October 27 nggated the necessity of simulated
rainfall for selected sections placed on 26 October 1971, Based on this
experience, simulated rainfall was not utilized on any sections placed in

1972,

21



Asphalt Quantities

Asphalt quantities were obtained from two sources. Texas Highway
Department personnel following their normal construction operations
strapped the asphalt distributor before and after each shot, Metal pans
were placed on the roadway as shown in Figure 9 by Texas Transportation
Institute personnel. Emulsion sprayed into these pans was dried to a
constant weight and the quantity of emulsion calculated based on data that
indicated that 70 percent residual asphalt existed in the emulsion. A
summary and comparison of these data are contained in Table 21, A review
of these data indicates that the quantities'of>asphalt as determined from
strapping the distributor and from pans placed on the pavement agree within
plus or minué 0.03 gallons per équare yard for the vast majority of the
measurements made., Since 0.03 gallons per square yard is an accepted
variation for asphalt distribution transverse and normal to the direction
of travel, additional detail testing to determine field asphalt application
may not be warranted, ‘

Asphalt quantities were varied along the length of the roadway to
account for aggregate gradation and road surface demand. Asphalt quantities
placed are shown in Table 21 for the various sections.

Aggregate Properties and Quantities

Aggregate Properties -~ Physical properties of the aggregates used in this

project are shown in Tables 2 and 17. Reference to detailed testing
procedures and comparison values for synthetic aggregates can be found in
references 27 and 28,

Aggregate Gradation - Aggregate gradations as obtained from the stockpile

and averaged from samples obtained as the aggregate was spread on the
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Figure 9. Metal pans for determining asphalt quantity.

Figure 10, Sampling aggregate from roadway.
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road (Figure 10) are given in Table 24, Aggregate degradation due to handling
during the construction operation is not evident from these data as variations
in sieve analysis due to segregation in the stockpile and sample size has made
a positive conclusion unwise.

Detailed results of the sieve analysis perofrmed on samples taken from

the roadway during construction are given in Table 21,

Moisture Content - The presence of moisture in the aggregate during construc-
tion is extremely important as discussed previously. Thus moisture samples
were obtained as the aggregate was spread on the foadway. Results of these
tests are shown in Table 21 in detail and summarized by aggregate type in

Table 25. Aggregate stockpiles were covered with polyethylene sheets; however,
relatively high moisture contents were noted in the aggregates. Sources of
this moisture include the manufacturing process (some plants cool the aggregate
in a water spray), rainfall during storage at the manufacturing site or during
transportation to the job site.

Visual observations of the covered stockpiles indicated a higher moisture
content at the top of the stockpile than at the bottom. This is probably due
to water vapor which rises from the ground and aggregate condensing on the
underside of the polyethylene sheets. Thus, to prevent the buildup of
moisture, vents at the top of the covered stockpile may be necessary to allow
water vapor to escape rather than condensing.

A comparison of moisture content between the stockpile and the samples
obtained on the roadway was made for two aggregates (Table 25). In both

cases the moisture content decreased slightly,
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TABLE 24:

Aggregate Gradations -~ 14SH95

ACCUMULATIVE PERCENT RETAINED

AGGREGATE SAMPLED
IDENTIFICATION AT 3/4 inch |1/2 inch | 3/8 inch | No. 4 |No. 10
A "~ Stockpile 0 4 33 94 99
Roadway 0 2.9 36.6 95.3 98.6
B Stockpile 6 2 33 90 98
Roadway 0 1.4 38.4 89.8 97.0
D Stockpile 0 2 59 98 99
Roadway 0 0.1 40.1 95.9 | 97.8
. Stockpile 0 0 25 92 98 |
Roadway 0 0 16.6 90.1 97.8
M Stockpile 0 0 36 97 100
Roadway 0 0.2 32.3 97.4 99.4
- Specification 0 0-5 20-40 95-100 | 98-100 :
Item 1989 j
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TABLE 25:

Aggregate Moisture Content - 14SH95

T
7

ROAD SAMPLES ; STOCKPILE-SAMPLES
AGGREGATE MOISTURE CONTENT, peecent . { MOISTURE CONTENT, percent
PRODUCER
No. of Samples Range Average No. of Samples Range Average

A 17 3,8-11.7 9.3 3 8.4-14.4 10.2

B 13 14.5-24.4] 17.8

D 7 5.7-13.0 9.1

H 12 113.2-18.7 15.8

M 6 0.8-1.5 1.2 2 2.3-3.3 2.8
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Aggregate quantities obtained from use of the boxes placed on the
roadway resulted in spread quantities (expressed in square yards per cubic
yard) that were on the average 20 percent below the design quantity,
(Basis: pounds per square yard). Closer agreement was obtained between design
quantities and quantities determined from measurements made by striking off the
aggregates in the truck than by measurements made by the spreader box procedure.
Less than 5 percent variation resulted. Therefore it appears as if field control
of the order of 5 to 10 square yards per cubic yard can be maintained.

The prime reason for this observed variation between design and
measured quantities when boxes were used was the inability of the box to catch
and retain all of the aggregate as it is spread on the roadway. However,
moisture content and gradations can be reliably obtained from this sampling
technique.

Skid Resistance

Skid measurements were made on the trial sections before and after the
seal coats were placed. The Texas Highway Department locked wheel skid trailer
which was utilized for these measurements. All measurements were made at
40 miles per hour (Tables 26 and 27). As noted in Table 26 a significant |
increase in skid number is apparent between the old and new surfaces. Table
27 illustrates the limited variation in skid number with aggregate application
rate, The values obtained for the synthetic aggregate seal coats are typical
of those obtained on other in-service pavements in Texas. The precoated lime-
stone, although it has a high initial skid number, can be expected to drop
substantially, while the synthetic aggregate seal coats should maintain their

high initial values.

57



TABLE 26: Skid Resistance Measurements

SN
AGGREGATE 40
TYPE . NUMBER STANDARD
OF AVERAGE DEVIATION RANGE
‘MEASUREMENT
A 11 65 1 61-66
B 10 66 3 60-73
D ' 7 64 2 60-66
H 10 72 3 64-75
M 9 58 3 53-65
Before Con-
struction
(Limestone 17 33 5 24-41
seal coat)
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TABLE 27: Skid Numbers on 14SH95 Test Sections

i AGGREGATE AGGREGATE SKID NUMBER,
! TYPE QUANTITY (SN, )
: 40
; sq. yds/cu. yds.
: 150 58
‘ A 165 57
: 180 58
§ . 110 61
: 125 _ 62
D 155 57
) 160 64
; H 180 60
; 200 63
.
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Surface Texture

Surface texture measurements were made before and after placement of
the seal coats by using the putty impression method (29). Results of this
test are shown in Table 28, A typical value of texture for portland
cement concrete pavements is 0,02 inches, asphalt concrete 0,02 inches,
plant mix seal 0.06 inches and seal coats 0.08 inches (29). Additional
measurements on these trial field sections should produce data that will
indicate a decrease in surface texture with time and traffic,

Variations in texture depth exists in the test sections. The seals
placed with Eastland and Ranger have similar texture depths, while the
Clodine and Dallas materials have nearly identical textures. The reasons
for this observed grouping is not evident from the gradations as the Dallas
aggregate possesses a gradation similar to that of the Ranger and Eastland
aggregates, However, visual examination indicated that degradation of the
Dallas aggregate caused by construction and limited traffic was more pro-
nounced than that occurring in the other aggregates.

A primary benefit of providing macrotexture surface to highway sur-
faces is to reduce the potential of hydroplaning. However, the reduction
in hydroplaning may be balanced with the increased noise level often created
when macrotexture is maximized.

Traffic

The Texas Highway Department Planning and Survey Division performed
an hourly traffic count from Tuesday, September 14, to Tuesday, September
21, 1971, The results of this count indicate the average daily traffic
count is 1400 vehicles per day with approximately 10 percent commercial
vehicles using the roadway during tﬁe daylight hours. The 1970 Texas High-

way Traffic Map indicates that the roadway carries 1220 vehicles per day.
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TABLE 28:

Surface Texture Measurements - 14SH95

—
; *
Aggregate Surface Texture, inches
Type
November 1971 March 1972
Clodine 0.105 —_—
Dallas 0.118 0.085
Eastland 0.136 0.122
Ranger 0.141 0.108
Precoated
Limestone 0.136 0.102
Before Seal 0.048

Coat

Seal Coat Placed 22 October 1971

*represents average of a minimum of six measurements
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The traffic in the southbound lanes is equivalent to the traffic in the
northbound lanes in terms of amount as well as percent of commercial vehicles.

Roughness and Rating of Roadway

A Mays Ride Meter was utilized to measure road roughness before and
after construction, An average Serviceability Index of 3.2 was measured
before construction while 3,3 was measured after construction., Slight
improvements have been noted in smoothness after seal coats bésed on
data collected as part of Study 2-18-71-151,

Visual examinations conducted by personnel from the Texas Highway
Department and Texas Transportation Institute are reported in Table 20%,
Details of the method of examination and results will be discussed later

in the report.
DISTRICT 2 TRIAL FIELD SECTION

Trial field sections were placed on SH6 west of Dublin, Texas on
August 1 and 2, 1974, The layout of these test sections is shown in
Tables 9 and 29, As noted the main variables investigated were aggregate
quantity, aggregate type, aggregate moisture content and asphalt type.

Construction Sequence

All sections utilizing asphalt cement were placed on 1 August 1972,

while the anionic emulsion sections were placed on 2 August 1972,

*Rating team consisted of:

John Nixon, Engineer of Research, Planning and Research, Texas Highway Department
Irl Larrimore, Senior Field Engineer, Maintenance Operations,. Texas Highway Department
Arthur J. Hill, Materials and Tests Bituminous Engineer, Materials and Tests,
Texas Highway Department
W. W. Scott, Jr,, Instructor, Texas A&M University
Jon A, Epps, Associate Research Engineer, Texas Transportation Institute
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TABLE 29: Trial Field Section - 2 SH 6

£9

AGCRECATE  ——weeee U
v ANOUNT OF ASPHALT TYPE GUANTEIY OF SHSTURE ACGREUATE GRADATI0N DATE PRALT  ROCKLAND

SECLION LOCAT LN 13 kal oF CONTENT ACCLMALATLVE PERCENT RETAINED oF SHOT PLACED

NUMBER VARE o ASPRALT srex tup MREGATE gy HRCENT 1/2 dneh 318 tach No. & No. 10 CUNSTRUCTION AT AT
2-M(160)C- (. 29)AC(D) EBL 40455 adels  AC 029 0.37 " 160 270 P2 0.2 9.2 90.4 98.3 8-1-72 10:05 10:06
2-M(180)C-{. 29)AC(D) £8L 45e78  5leb]  AC 0.29 0.3 " 180 105 - 10:07 10:10
2-4(200)C- (. 29)AC (D) EBL, S1+67  SB2l AL 0.29 0.7 H 00 208 » 10:10 10517
2-M(160)C- (. 29)AC(D) WBL  4Be55S ws478 AC 0.29 0.0 H 100 185 " 3:50 3157
2-M(180)C- (.29)AC(D) WBL 45478 5le6]  AC 0.29  0.29 H 180 115 210 5.9 0.2 5.3 1.8 95.0 - 3127 3i6t
2-M(200)¢- (. 29)AC(D) wBL 51467 S8#21  AC c.29 0.9 ¥ 200 170 " 3:23 3:36
2-M(110)D~ (. 29)AC(D) EBL 58421 61+81 AC 0.29 0.29 B 110 170 . 10:28 10:29 31.0 30.0
2-M(125)D- (. 29)AC(D) EBL 61482 65490  AC 0.29 ©0.29 .24 B 155 140 15 16,7 3.2 3.4 89.9 98.0 " 10:31 10:32
2-4(110)D- (. 29)AC(D) WBL 58421 6148l aC 0.29 0.29 B o 110 « 3:24 3:34
2-M(125)D- (. 29)AC(D) wBL 6l+81  65+30  AC 029 ©0.29 .13 B 125 125 125 16.2 3.5 461 9t.8 98.4 g 3.23 3:29
2-M(155)€=(. 29)AC(D) EBL 65490 70497 AC 0.29 0.29 D 155 110 7.8 0.8 29.3 98.0 99.4 " 10:34 10:36 [0S 35.6
2-M(155)E- (. 29)AC(D) WBL 65490 70497 AC 0.29  0.29 D 155 155 160 7.2 0.2 31.6 98.7 99.5 " 3:22 3:24
2-M(150)R- (. 29)AC(D) EBL J0497 75488 AC 0.29  0.29 A 150 " 10:48 10:49 33.4 33.0
2-M{165)R-(.29)AC(D) EBL 75+88  81+28 AC 0.29 0.29 .25 A 165 155 150 8.8 2.03 27.2 93.6 99.5 " 10:50 10:53
2-M(180)R~ (. 29)AC(D) EBL 81428 87+17  AC 0.29 0.29 A 180 175 " 10:52 10:58 30.0 32.2
2-(150)R- (. 29)AC(D) WL 70497 75488 AC 0.29 0.29 A 150 135 N 30 3:22
2-M{165)R-(.29)AC(D) WBL 75488  81+28 AC 0.29 0.27 .23 A 165 180 145 5.8 0.6 13 89.8 99.1 " 2:50 2:58
2-M(180)R~ (. 29)AC(D)} WBL 81428 87417 AC 0.29  0.29 A 180 185 195 9.2 0.1 14.3 90.6 98.8 " 2:48 2:55
2-M(160)C- (. 29)AC(M) EBL 87417 92440  AC 0.29 0.29 H 160 160 " 10:54 11:03 1.6 31.8
2-M(180)C- (. 29)AC (M) EBL 92440 98429  AC 0.29  0.30 # 180 160 " 10:57 1n:1 30.8 —-
2-M(200)C- (. 29)AC (M) EBL 98+29 104483  AC 0.29 0.30 H 200 200 120 10.2 " 11:00 11:13 30.8 -
2-M(160)C-(. 29)AC () WBL 87417 92440  aC 0.29 0.27 ] 160 160 100 14.8 0 9.2 86.7 94.5 N 2:50
2-H(180)C~ (. 29)AC () WBL 92440 98429  AC 0.29 0.27 H 180 175 " 2:47
2-M(200)C- (. 29)AC(M) WBL 98429 104483  AC 0.29 0.27 I 200 160 2.1 29.2 89.2 97.1 " 2:45
2-M(110)D-(.29)AC(M) EBL 104483 108443 AC 0.29 0.2% B 110 125 " 11:24 26,2 30.8
2-M(125)D- (. 29)AC(M) EBL  108+43 112452  AC 0.29 0.29 .25 B 125 130 120 23.7 a2 5.5 92.8 98.0 " 11:29
2-M(110)D- (. 29)AC(M) WBL 104483 108443  AC 0.29 0.28 8 10 155 - 2:11 2:21
2-M(125)D- (. 29)AC(M) WBL 108443 112452  AC 0.29  0.28 .27 8 125 9 170 23.9 3.0 0.8 91.2 97.0 " 2:10 2:20
2-M(155)E-(.29)AC(Y) EBL 112452 117459  AC 0.29  0.29 D 155 " 11:26 11:32 35.4 3%.6
2-M(155YE- (. 20)AC(H) WBL 112452 117459  AC 0.29 0.28 ) 155 165 170 1.7 0.6 30.7 98.4 99.4 " 2:09 2:15
2-M(150)R~(.29)AC{M) EBL 117459 122450  AC 0.29 0.29 .29 A 150 120 9.8 2.3 31.8 92.6 97.8 N 11:37 35.8 33.8
2-M(165)R~ (. 29)AC(M) EBL 122450 127490  AC 0.29  0.29 A 165 " 11:40 3.4
2-4(180)R- (. 29)AC(M) EBL 127490 133479 AC 0.29  0.29 A 180 " 11:45 32.6
2-M{150)R-{.29)aC(M) WBL 117459 122450 AC 0.29 0.28 A 150 140 “ 2:11
2-M(165)R-(. 29)AC(M) WBL  122+50 127490  AC 0.29  0.28 .25 A 165 165 130 1. 1.6 23.9 92.8 99.1 . 2:09
2-M(180)k- (. 29)AC (M) WBL 127490 133479 AC 0.29 0.28 A 180 190 " 2:06
2-M(160)C- (. 29)AC(W) EBL 133479 139+02 ac 0.29 0.28 H 160 “ 12:25 12:27 28.6 30.2
2-M(180)C- (. 29)AC (W) EBL 139402 144491  AC 0.29 0.28 H 180 260 17.5 0 11.5 87.8 98.0 " 12:28 12:35
2-4(200)C-{. 29)AC(W) EBL 144491 151+4S  AC 0.29 0.28 B 200 " 12:31 12:43 30.2 -
2-M(160)C- (. 29)AC(W) WBL 133479 139402 AC 0.29 0.28 ] 160 153 N 1:50 1:57
2-M(180)C- (. 29)AC(W) WBL 139402 144491  AC 0.29 0.28 .27 H 180 ” 1:48 1:55
2-4(200)C- (. 29)AC (W) WBL 144491 151445  AC 0.29 0.28 # 200 150 " 1:46 1:53
2-M(110)D- (. 29)AC(W) EBL  151+45 155405  AC 0.28 0.8 B 116 155 19.2 3.8 s8.1 95.4 98.5 - 12:3 2:46 30.3 31.4
2-M(125)B- (. 29 AC(W) EBL 155405 159414 ac 0.29 0.28 B 125 " 12:37 12:48
2-M(110)D-(. 29)AC(W) WBL  151#45 155+05  AC 0.29 0.28 .25 B 10 160 135 17.6 4.4 63.5 95.6 98.0 " 1:64 1:46
2-M(125)D- (. 29)AC(W) WEL 155405 159414  aC 0.29 0.28 B 125 125 " 1:42 1:44
2-M(155)E- (. 29)AC(W) EBL 159414 164421  AC 0.29 0.28 D 155 135 155 13.5 0.1 2.2 87.2 98.0 " 12:40 12:50 3.6 35.2
2-M(155)E=-(. 29)AC(W) WBL 159+14 164421 AC 0.29 0.28 D 155 160 125 11.5 0.4 28.0 96.8 98.7 " 1:40 1:40
2-M(150)R- (. 29)AC(W) EBL 164421 169412  AC 2.29  0.27 A 150 140 » 12:55 3.6
2-3(165)= (L 29) AL (W) ELL 109412 174452 A 2,29 0.27 .26 A 165 260 195 4.6 1.4 27.5 95.4 99.1 " 12:59 33.2
2-M(180)R~ (. 29)AC(W) EBL 174452 180+41  AC 0.29 0.2 A 180 180 " 1:02 32.6
2-M(150)R- (L 29)AL (W) WL l64+2l 169412  AC 0.29  0.32 A 150 140 1:28
2-M(165)R- (. 29)AC(W) WBL 169412 174452  AC 0.26 0.32 .2 A 165 200 150 13.7 1y 3.0 96.7 99.5 1:26
2-M(180)R~ (. 29)AC (W) WBL 174452 180+1  AC 0.29 0. A 180 1:22
2-M(110)D- (. 37)E(D) EBL 180+41  180+0) AE 0.37  0.37 .33 B 110 100 16.4 2.7 50.1 96.3 99.4 5-::-73 551} 30.2
2-4(125)D- (. 17)ED) EBL.  184+01 188+10  AE 0.3 0.37 3 125 130 8:35
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AMOUNT OF ASPHALT

TABLE 29 (Cont'd)

AGUREGATE GRADATION

Sal:

ASPHALT ROCKLAND

TYPE TYPE CANTITY O wHSTURE CMCLATIVE PERCES " CLSUAL EVALUATIOS
SECTION LOCATION sal/yd? QUANTITY OF o AUCUMULATIVE PERCENT RETAINED oF <HoT eLACED CISUAL EVALUATION
of oF AGGREGATE B U oSS TRUCT 10 —

NUMBER LANE o 10 ASPMALT DESIGN THD  TTI AGOREGATE DESTGN TT1(2) TTI(3) PERCE 1/2 inch  3/8 fnch  No. 4 No. 10 NSTRUCTION A AT 104572 6i6/73
2-1(110)D- (. 37)E(D) WBL  180+41 184+01  AE 0.37 0.40 .38 3 110 2.0 5.1 92.1 97.2 - L 1i52
2-K(125)p- (. 37)E(D) WBL  184+01 188410  AE 0.37  0.40 B 125 125 " 1146 1is0
2-4(155)E- (. 37)E(D) EBL 188441 193417  AE 0.37  0.37 D 155 205 160 7.0 0 26.1 9.5 99.4 - 536 8136 1.6 5.6
2-M(155)E-(3NED) VEL 188441 19317 Af 0.37 0.40 ) 155 150 130 1.5 0.3 25.7 97.2 99.0 - Lad 146
2-4(LS0)R~ (. 37)E(D) EBL 193417 198408 AE 0.3 0.37 A 150 . 8:38 8141 35.0 15.6
2-M(165)R- (. 37)E(D) ESL 198408 203+48 AT 0.37  0.37 A 165 170 145 6.5 0.7 225 93.5 99.1 - 8:20 8143 356 3o
2-4(180)R~ (. 42)E(D) EBL 203448 209437 AE 0.2 0.42 A 180 . 9130 i3 302 s
2-M(150)R-(.37)E(D) WBL  193+17 198408 AE 0.3 0.40 .39 A 150 150 9 6.4 11 21.6 9.5 98.1 " 1:62 1146
2-4(165)R-(.37)E(D) WBL 198408 203+48  AE 0.37 0,40 A 165 160 " Lia i1
2-4(180)R-(.42)E(D) VBL 20348 209437  AE 042 0.4 A 180 240 " 122 132
2-4(110)D- (. 42)EQH) ESL 209437 212497 AE 0.42 0.42 B 110 " 9:32 9:36 9.2 0.4
2-4(125)D-(.4OIECD) ESL 212497 217406 AE 0.40 042 .49 B 125 130 143 25.9 2.9 56.0 94.8 98.6 " 935 9140
2-4(120)D- (. 62)E(M) WBL 209437 212497  AE 0.42  0.61 B 10 130 . L 127
2-4(125)D- (40IECD) VEL  212+497 217406  AE 0,40 041 .36 B 125 130 1 22.9 s 48.2 91.1 97.4 - 1:20 128
2-M(155)D- (. 4OIEQD) EEL 217406 222413 AE 0.40  0.62 B 155 155 8s 12.1 ° 31.6 97.5 98.9 B 9:37 9:43 3.0 34,25
2-4(155)D- (. 60IE(M) WBL 217406 222413 AE 0.40  0.41 B 155 155 90 13.7 0.5 25.7 97.0 98.7 - 1:18 1:20
2-M(150)R-(.4OIECN) EBL 222413 227404 AE 0.40  0.42 A 150 150 “ 9140 5146 9.2
2-H(165)R- (.40)E(MH) EBL 227404 232¢4k  AE 0.40 0.40 .49 A 165 160 1.3 30.0 5.8 98.3 - 9:56 9154 3
2-4(180)R-( . 6O)EH) ERL T 232406 238433 AE 0.40  0.40 a 180 150 “ 9:56 9:58 33.3 -
2-4(150)R-( . 40)ECH) VEL 222413 227404 AE 0.40  0.61 A 150 150 « 117 118
2-M(165)R- (. GO)EH) WEL 227404 232446 AE 0.40 040 .44 A 165 165 220 " 1:00 105
2-M(180)R-(.40YE(H) WBL  232¢44 238433 AE 0.40  0.40 A 180 185 . 12.58 1o
2-M(160)C-(40)EW) EBL  238¢33 243456 AE 0.40  0.40 # 160 170 b 6.9 8s.5 97.7 R 9:58 10:01 3.2 e
2-4(180)C- (. 40)E(H) EAL 243456 209445 AE 040 0.40 .42 H 180 165 120 16.0 » 10:00 10305 3106 -
2-M(200)€- (. 4O)E(W) EBL 249445 255499 AE .40 0.40 ¥ 200 185 “ 11:00 11:00 30.8 1.0
2-H(160)C-(L40)EW) WBL 238431 243456 AE 040 0.40 .35 H 160 175 140 22.3 P 256 2eer
2-M(180)C- (. 4O)E(W) VBL 243456 249445 AE 0.40  0.40 i 180 180 " 1215 1235
2-M(200)C- (L40)ECH) WBL 249945 255999 AE 0.40  0.41 B 200 185 - 12:38 12145
2-M(110)D- (. 40)E(W) EBL 255499 250459  AE 0,40 0.40 B 1o 120 « 11501 1105 0.4 3.0
2-4(125)D- (. GOIECH) EBL 250459 263968 AE 0.40 0.40 .48 3 125 135 125 7.4 2.3 49.2 95.5 98.9 " 11502 11:06
2-4(110)D-(.40)E(W) VBL 255499 259459 AE 0.40  0.41 B 10 109 . 12:36 12:40
2-4(125)D- (. 6O)E(W) WEL 259459 263468 AE 040 04l .35 8 125 140 130 29.2 2.3 54.2 97.6 99.2 " 12:34 12:37
2-MU55)E-(AOEM) EBL 263468 268475 AE 0.40  0.40 o 155 155 110 13.8 o 2.7 98.2 99.3 E 1104 11:10 3.8 35.6
2-M(155)E- (40)E(W) UBL 263468 268475 AE 0.60 0,41 3 155 165 130 17.3 s 217 9.7 98.1 E 12:32 12:36
2-M(150)R- (. 4O)ECH) EBL 268475 273966 AE 0.40  0.40 A 150 165 E 11:06 1:16 35.2 36.0
2-M(165)R- (40)E(W) EBL 273466 275406 AL 0,40 0.40 A 165 150 " 11124 1126 35,0 .
2-M(180)R-{.40)E(W) EBL 279406 284+95  AE 0.40 0,40 A 180 213 15.4 0.7 19.0 95.5 99.3 - 1:27 11527
2-M(150)R- (AO)E(W) VBL 268475 273466 AE 0.40 0.4 A 150 165 " 12:30 231
2-4(165)R-(L6O)E(H) WBL  273+66 279406  AE 040 0.4b A 165 W5 135 16.9 0.8 2.7 94.8 99.2 - 11:40 11:41
2-M(180)R- (. 4O)E(W) WEL 279406 284495  AE 0.40 0.4t A 180 - 1135 i

280+0 .48



TABLE 30: Temperature Extremes and Precipitation - 2SH6

DATE TEMPERATURE, oF PRECTIPITATION,
MAXIMUM  MINIMUM INCHES
29 July 98 74 —
30 July 101 68 -
31 July 96 67 —
1 August 97 69 -—-
2 August 96 68 -
3 v 96 69 J—
4 " 90 68 0.10 |
5 92 68 ©0.10
L m 97 68 _—
A 100 71 — ;
s v 99 72 — ;
I 100 68 0.15
;10 " 90 68 1.05 :
P 90 68 0.60 :
2 12 " 85 68 . 0.52 %
. i j

Construction dates - 1 and 2 August
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Delays between the asphalt shot and aggregate placement as shown in
Table 29 were generally less than two minutes for both the asphalt cement
sections and the anionic emulsion sections. Adequate adhesion between
the aggregate and asphalt was achieved with these delays and under these
environmental conditions,

Construction Equipment

Texas Highway Department District 2 maintenance equipment and crews
were utilized for placement of the trial sections. A self-propelled
spreader box, 4-~cubic yard dump trucks and pneumatic-tired rolling equip-
ment were utilized. Excess aggregate was not removed from the pavement
after construction. Traffic was controlled during construction with a
pilot car. After placement of the final seal load, uncontrolled traffic
was allowed to use the facility. This occurred at 4:00 p.m. on August 1 and
2:00 p.m. on August 2,

Environmental Data

Average humidity and temperatures for the months of July, August and
September of 1972 are shown in Table 23, Temperature extremes and precipita-
tion for the period immediately prior and after construction recorded at
Dublin at the east end of the project site are given in Table 30.

Asphalt and Aggregate Quantities

Asphalt and aggregate quantities determined during comstruction of the
project are shown in Table 29, While properties are shown in Tables 2 and
15, average gradations are shown in Table 18 and moisture contents in Tables
29 and 30.

Skid Resistance

Skid measurements were made on the trial sections before and after

the seal coats were placed. As noted in Table 31, a significant increase in
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TABLE 31: Skid Resistance Data -2SH6

AGGREGATE  |MOISTURE | AGGREGATE | NUMBER OF AVERAGE | STANDARD | RANGE
TYPE CONDITION | QUANTITY* | MEASUREMENTS DEVIATION
A Dry 150 4 0.58 0.02 0.56-0.60
165 4 0.57 0.01 0.55-0.58
180 4 0.58 0.04 0.54-0.65
Moist 150 4 0.59 0.02 0.57-0.61
165 4 0.57 0.01 0.55-0.59
180 4 0.58 0.02 0.55-0.61
Wet 150 4 0.58 0.01 0.56-0.60 §
165 4 i 0.58 0.02 0.57-0.61 ;
180 & { 0.58 0.02 0.55-0.60 ‘!
B pry 1 . 110 5 i 0.60 0.06 |} 0.48-0.65
L125 4 0.63 § 0.02 0.62-0.65
© Moist | 110 i 4 0.61 | 0.03 | 0.56-0.64
; | 125 i 4 0.62 0.02 | 0.60-0.64
. Wet ! 110 | 4 0.61 § 0.0l | 0.60-0.63
125 i 3 0.62 | --—- | 0.61-0.64
D ' Dey . 155 f 4 0.58 0.01 ! 0.56-0.60
: ; " —
| Motst ©o1ss 4 0.56 1 0.03 ! 0.53-0.60
= ; ! , 1
Wet 155 4 0.56 { 0.01 0.54-0.57
; i !
H Dry  : 160 5 0.62 ! 0.01 ! 0.60-0.64
? {180 4 0.63 ! 0.02 ! 0.61-0.66
{200 4 0.63 | 0.04 ; 0.58-0.66
! 1 ;
{ Moist | 160 4 0.65 § 0.02 } 0.62-0.66
: {180 4 0.59 ; 0.05 : 0.53-0.64
; {200 4 0.62 © 0.02 | 0.58-0.64
s ? :
{  Wet | 160 4 i 0.65 0.03 | 0.63-0.69
; 180 4 i 0.57 0.04 | 0.52-0.62
| 200 4 0.63 0.02 ; 0.60-0.64
Before ! { !
Construction % 10 .31 .04 2 0.27-0.40 ;

*moisture condition at time of placement
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skid number is apparent between the old and new surface, Little difference
exists between aggregate types, These skid data were obtained 7 days after
construction.

Surface Texture

Surface texture measurements were made before and after placement of
seal coats by using the putty impression method (29). Results of tests
conducted before construction on 2SH6 are shown in Table 32. Surface
texture variation across the lane is not evident from these data.

Table 33 shows surface texture measurements performed three months

after construction on the various trial sections.
DISTRICT 11 TRIAL FIELD SECTIONS

Trial field sections were placed on U, S. Highway 59 and State Highway
103 near Lufkin, Texas, on the 8, 9, 10 and 21 of August 1972, The layout
of these test sections is shown in Tables 34 and 35. As noted, the main
variables investigated were aggregate quantity, aggregate type, asphalt
quantity and traffic volume. These sections investigated the same variables
as the sections in District 5 (Lubbock) but were placed in a different
climate.

Construction Sequence

Construction was performed on US59 on August 8 and 10, 1972 and
August 9, 10 and 21 on SH103,

The trial sections on US 59 which are located south of Diboll, Texas
were placed on the passing lane first while traffic was directed to the
travel lane. Emulsion was utilized the first,day of construction. The

last aggregate was placed at 11:16 a.m. Traffic control was maintained by
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TABLE 32: Surface Texture Measurements - 2S5H6 Before Construction

SURFACE TEXTURE, INCHES
WHEEL y
PATH NUMBER OF AVERAGE STANDARD
MEASUREMENTS DEVIATION

All 16 0.052 0.019
Outer 7 0.054 0.022
Inner 7 0.052 0.021
Between 2 0.049 —_—
Inner & Outer 14 0.052 0.019
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TABLE 33: Surface Texture Measvrements - 2SH6 After Construction

AGGREGATE | NUMBER |, KVERAGE STANDARD RANGE
TYPE OF DEVIATION
READINGS
A 9 0.128 0.021 0.104-0.170
B 6 0.095 0.016 0.080-0.115
D 3 0.123 0.011 0.115-0.135
H 9 0.090 0.013 0.070-0.101
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TABLE 34: 11 US 59 Layout of Test Section

AMOUNT OF ASPHALT ACCREGATE TIME
‘ TYPE 2 TYP: GANTLIY b MOLSTURE AGLREGAT fart : :
SECTTON . ! \GGRE 8¢ &+ PHALT
CTE LOCATION oF sal/yd B REUAT . CmTEN ACCUMUCATL oF SHOT )
SUMBER LANE ) ASPHALT ESIGY  THD 111 IV TTI05) PERe 12 Toeh 378 Tnch o CONSTRLCT KON AT P
11-K(120)C- (. 25)AC L 568423 572473 AC .25 ¥ " TN i%0 7191
11-H(140)C-1. 25)AC T 572473 577498 AC .25 ] T 140 150 7.7 0.4 17.6 93.7 9B,y " rise 7194
11-B(150)C- (L 29)AC L 577498 S8I1 AC .25 i 150 175 " 7553 7455
11-K(1.0)C- (. 25)AC 28 568423 572473 AC .25 4 1 95 B " 10124
TI-HO1A03C= (L 25)AC Pl S72+73 577498 AC .25 B =0 1ns 100 R.3 0 12.9 A9, 96.R - lﬂ:":
1-H(150,C-(.25)AC PL 577498 583+61 AL .29 H 130 150 - 10:20
11-H(129)C-(.22)AC L SBI+61  588+11 AC .22 N3 3 120 125 - - 8:06 i)
11-H(140)C-.22)AC T SBA+L1 5933 AC .22 23 . K 140 150 0.5 18.5 93.7 919 N Ain0 8:10
11-H(150)C-(.22)AC T 593436 398499 AC .22 .23 5 150 10 - ” ®:10 8:12
11-8(120)C-(.22)AC PL 58)+61  5BB+1) ac .22 .22 # 120 120 95 .7 " 10:14 10:16
11-H(160)C- (. 22)AC PL SHBFIL 5936 ac .22 220 e H 140 140 6.7 19.5 97.1  99.2 " w:i2 1014
1L-H(150)C-(,22)AC L 593+36  598+99 AC .22 .22 H 150 170 " 10:10 10511
11-H(120)C- (. 19)AC T 598499 603449 AC .19 .21 H 120 120 - 8101 4:22
11-8(140)C~ (. 19)AC T 603449 608+74 AC .19 21 .20 H 140 150 11 18,7 93,6 97.9 " 8:23 8124
11-H(150)C-(. 19)AC T 608+74 614437 AC .19 .21 H 150 150 B 8:25 K129
11-H(120)C- (. 19)AC PL 598499  603+49 ac .19 .20 H 120 120 " 10100 10:03
11-H{140)C~( . 19)AC PL 603+49  608+74 AC .19 200 a8 H 140 125 105 8.0 0.3 16.9 92,0 98.9 " 9:58 10:01
1L-H{150)C-(19)AC P 608474 614+37 AC- .19 .20 ] 150 150 " 9:57 9:58
11-H(120)D~(. 22)AC L 614437 618+87 AC .22 .22 8 120 " Ri40 B:6)
F1=H(140)D-(,22)AC L 618487 624+12 AC .22 220 B 140 140 T8 8.2 1.2 22.8 2.9 97.3 " 8:42 8:43
11-H(150)D-(.22)AC T 624+12 629475 Ac .22 .22 b 150 150 1.6 5.3 86.8  98.3 " Ri44 B:46
11-H(120)D-(,22)AC L 614+37  618+87 AC .22 24 8 120 90 " 10546 10:48
1L-H(140)D-(.22)AC L 61B+87 624412 AC .22 .26 B 140 140 ns 20.8 0.9 56.3 93,3 98.1 . 10:45 10546
11-H(150)D-(.22)AC PL 624412 629+75 AC .22 24 8 150 175 1.2 43.3 50.8  97.6 " 10:43 1014k
11-K(120)E~ (. 22)AC T 629475 636425 AC .22 .22 o 120 120 .. 8133 S50
11-H(140)E-{.22)AC Tt 636425  639+50 AC .22 22 .19 0 140 140 0.3 33.6 98.1  99.0 " 8:55 8:56
L1-H(150)E-(.22)AC T 639450 645413 ac .22 .22 B 150 155 165 1.6 0.9 8 98.0  99.0 N 8:56 8158
11-H(120)E~(.22)AC PL 629475 634425 AC .22 .22 D 120 140 . 10:14 10136
11-8(140)E- (. 22)AC PL 634425 639450 Ac .22 .22 3 140 120 0.8 37.9 97.7 98,6 - 10:32 10534
11-H(150)E-(.22)AC PL 639450 645+13 AC .22 .22 b 150 150 0.3 43.0 98.6  99.3 - 10131 10:32
11-K(120)R-(. 25)AC TL 645+13  649+63 ac .25 .22 A 120 " 9:07 9:08
11-H(140)R-(. 25)AC ™ 649+63  654+88 ac .25 22 .2l A 140 130 100 8.1 1.3 37.3 96.2  98.3 . 9:09 9:10
11-H(150)R-(. 25)AC T 654+88  660+151 ac .25 .22 A 150 150 " 9:10 9:12
11=H(120)R-{.25)AC PL 645411 649+63 AC .25 .26 A 120 120 "
11-H(140)R- (. 25)AC PL 649+63  654+88 ac .25 260 .23 A 140 170 95 13.3 1.3 4.5 95.3  98.4 "
11-H(150)R-(.25)4C L 654+188 660+51 AC .25 .26 A 150 135 "
11-H(120)R-(.22)AC T 660451  665+5] AC .22 200 .21 A 120 120 110 1i.5 1.7 40.2 97.2  98.5 8/10/72 9:18
11-H(140)R-(.22)AC L 665451  670+26 AC .22 .20 A 14 125 . 9:20
11-H(150)R-(. 22)AC e 670+26 675+89 AC .22 .20 A 150 145 " 9:22
11-H(120)R-(,22)AC L 660+151 665+51 ac .22 21 7 A 120 110 105 13.6 0.7 38.3 93.0  96.7 "
11-H(140)R~ (. 22)AC PL 665+51  670+26 AC .22 .21 A 140 140 “
11-H(150)R-(.22)AC PL 670426  675+89 AC .22 .2t A 150 150 "
11-H(120)R-(.19)AC . 675+89  680+39 AC .19 .22 A 120 175 3
11-H(140)R-(.19)AC T 680439  685+64 AC .19 22 .20 A 140 125 11 34.7 96.2  98.2 N
11-H(150)R- (. 19)AC T 685+64 691427 AC .19 .22 A 150 195 " 013
11-H(120)R~(.19)AC [ 675489 680+39 AC .19 .21 A 120 115 ..
11-H(140)R~ (. 19)AC PL 680+39  685+74 AC 19 209 A 140 140 0.9 40.1 97.0 98.0 "
11-H(150)R-{.19)AC PL 685+64 691427 AC .19 .21 A 150 150 "
11-8(120)C-(.33) € i 691427 700+27 AE .33 31 L3S H 120 140 135 7.1 1.5 1.5 917  98.8 8/8:72 10:20 10:22 29,85
11-H(140)C~(.33) € T 700427 710+77 AE .3 .3 H 140 160 130 6.7 0 1.8 913 98.4 f 1025 o 2%
11-H(150)C~(.33) E ™ 710477 716%40 AE .33 3 H 150 135 " 10137 10:37
11-8(120)C-(.33) E PL 691427 700+27 AE N I I ] 120 100 6.3 0 9.5 90.7  97.3 v 8:26 8:29 A
11-H(140)C-(.33) E PL 700427 710440 AE 23 3 H 140 140 130 7.1 o 1.1 92,6 99.0 " 810 814 .
11-H(150)¢-(.33) E PL 710477 716+30 AE .13 W33 H 150 155 - R14% 8142
11-8(120)D- (.3 E . 716440 726453 AE .33 3 8 126 95 nn 26,5 0.3 19,2 5.5 975 - TN -
11-R(160)D-(.33) E L 726453 731478 AE .3 TR B 144 145 - Lo i
11-H(150)D-(. 1) & ! 731478 737+41 AE Y e B 150 150 135 25.1 ] 36,1 82,7 97.8 " OIS 10:49 .
11-#(120)D-(. 33) E L FLevAD 726+53 AE B} ST B 120 105 22.9 5.2 3.2 84,6 98,3 " Biis 55 Lo
11-H(140)D-(.33) E PL 726453 711478 AE 1 BN B 140 175 " Sun A 2
L1-HOISM D=, 33) & PL TI4TR TaTeaL AL .34 .32 B 150 169 180 23.5 2.1 jI o] 82,7 973 " Ryl 9:i13
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TABLE 34 (Cont'd)

TIME
- AGGREGATE GRADATION
A -
AMOUNT OF ASPI T AS’ KLAN
eve OUNT OF ASPHAL repe astiry o T DATE PHALT  ROCKLAND CrstaL vsLiariox
SECTION LOCATION oF gal vd oF ! Conee ACCUMULATIVE PERCENT RETAINED oF SHOT PLACED VISUAL EVALLATION
AGCRECATE e —————. = — — .
—— [ STRCCTION
HUMBER LANE FROH To ASPHALT DESIGN  THD  TT1 AGUREGATE DESTGN  TTI(2)  TTICT)  PERCENT 1/2 inch  3/8 tnch No. & No, 10  CONSTRUCTIO AT AT 1075 22 6/6/73
11-8(120)E~(.33) E | 737441 741491 AE .33 % D 120 16 " 10357 10197 RTINS YO
11~H(140)E-(.33) E TL 741491 745+62 AE .33 W36 .27 D 140 140 135 11.8 0 39.7 98.6  .99.3 " 10:59 110y 32,60 3.
JI-H(150)€-(.33) E ) 745467 752479 AL 33w P 150 185 135 1.8 " 11:00 11:02
11-H(120)E-(.33) E L 73441 761491 AE 33 o 120 160 " 9:11 .60 .l
11-H(160)E- (L 33) E L 41491 745462 AE 3B i .2 D 140 155 140 1.3 0.8 a7 98.2  99.3 [ 9:13 B6 5.0
11-K(150)E-(.33) E PL 45467 752475 AE 33 .32 o 150 90 110 10.2 " 9:18
11-R(120)R~(.33) E n 752479 761+79 AE 33 .38 .26 A 120 105 110 1.6 0.7 36.5 97.0  98.7 " 11:13 i3 B WL
11-H(120)R~(.33) E L 752479 761479 AE K 2.4l A 120 105 125 11.6 0.9 3.9 96.9  98.4 . 9:25 9:26 .5 3597
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TABLE 35:

11 SH 103 Layout of Test Section

ACGREGATE
TYpE AMOUNT OF ASPHALT TYPE QUANTITY OF MOISTURE AGGREGATE (RADATION DATE ASPHALT  ROCKLAND
2 TSUAL EVALUAT LK
SECTION LOCATION oF gal/vd” aF CONTENT ACCUMALAT 1VE PERCENT RETAINED or SHoT PLACED VISUAL EVALLATION
NUMEER A i OSSTRLCT (08

WANE prow om0 ASPMALT pegron mp  rrr ACSREGATE Toooian tri(zy  rrrgsy  PERCENT 1/2 tnch M8 lach  No. & No. 10 CUNSTRUCTION AT AT 10/5/72 6/6/73
11-M(120)C- (0. 22)AC EBL 307450 316450  AC 0.22  o0.21 u 120 120 8-10-72 12:55 12:56
11-M{140)C- (0. 22)AC EBL '316+50 327400  AC 0.22 0.2 u 140 145 85 8.8 0 5.5 63.1 1 " 12:59 1:00
11-M(150)C- (0. 22)AC EBL 327400 338426  AC 0.2z 0.2 R 150 13 110 106 0 15.9 92.2 98.9 - 1:02 1:07
11-M(120)C- (0. 22)AC WBL 307450 316460  AC 0.22 o2 H 120 .
11-M(260)C~ (0. 22)AC WBL 316450 327400  AC 6.22  o0.21 [ 140 M
11-M{140)C-(0.22)AC WHL 327400 338426  AC 0.22 0.21 H 140 "
11-M(140)D- (0. 22)AC EBL 338426 348476 AC 0.22  0.25 [ 140 140 135 22.7 4w 1.3 92.8 98.3 " 1:16 1:17
11-M(140)D-(0. 22)AC WBL 338426 388476  AC 0.22  0.25 8 140 "
11-M(120)0- (0. 22)AC EBL  J4B476 357476  AC 0.22 0.2 8 120 145 125 19.9 3.6 41,5 91.9 97.5 N 1:23 1:26
11-M(240)D- (0. 22)AC EBL 357476 368+26  AC 0.22  0.21 B 140 140 " 1:27 1:28
11-M(150)D- (0. 22)AC EBL 368426 379452  AC 0.22 0.2 B 150 140 0.2 28.1 97.2 98.7 . 1:30 1:35
11-%(120)D- (0. 22)AC WBL 348476 357476 AC 0.22 o.21 B 120 ”
11-N(140)D- (0. 22)AC WBL 357476 368426  AC 0.22 0.2 B 140 N
11-4(150)0-(0. 22)AC WAL 368426 37952  AC 0.22  o0.21 » 150 "
11-M(140)D- (0. 19)AC EBL 379452 390402  AC 019 0.2 B 140 140 - 1:62 1:62
11-H(140)D- (0. 19)AC WBL 379452 390402 AC 0.19 o.z B 140 "
11-4(140)E-(0.253AC EBL 390402 400+52  AC 0.2s  0.27 0 140 120 90 12.9 " 1:49 1:50
11-H(140)E~(0.25)AC WBL 390402 400452  AC 0.25  0.27 ) 140 "
11-M(120)E- (0. 22)AC EBL 400452 409452  AC 0.22  o.21 D 120 185 125 15.2 N 1:59 1:59
11-H(140) - (0. 22)AC EBL 409452 420402  AC 0.22  o.21 D 140 135 " 2:03 2:04
11-M(150)E- (0. 22)AC EBL 420402 431428  AC 0.22  o0.21 D 150 140 . " 2:07 2:12
11-M(120)E-(0.22)AC WBL 400452 409452 AC .22 o2 o 120 0.1 31.3 97.3 98.8 .
11-M(140)E-(0. 22)AC WAL 409452 420402 AC 0.22  o0.21 b 140 N
11-M(150) £- (0. 22)AC WBL 420402 431428 AC 0.22 0.2 o 150 "
11-MQAs0)C-(  )CE EBL 431428 442454 CE " 150 170 17.7 8-21-72
11-M(150)C-(  )CE WBL 431428 442454 CE .30 u 150 145 18.0 "
M50 )CE EBL 442452 453480  CE .29 ) 150 210 6.7 i
11-4(150)8-(  )CE WBL 442452 653480  CE .34 » 150 170 13.7 "
M50~ )cE EBL 453480 461428  CE .29 8 150 190 30.5 "
1-MASOD-(  )CE WBL 435480 461428  CE .28 B 150 210 20.1 .
13-M(120)C- (0. 33)AE EBL 461428 470428 AR 0.33 031 .27 u 120 150 110 10.7 0.1 12.7 90.6 98.7 8-9-72 8:12 8:13 31.0 31.33
11-#(240)C~(0.33)AE EBL  470+78 480478 AE 0.33  0.31 H 140 150 125 10.6 o 15.2 90.8 98. " 8:15 8:17
11-M(150)C-(0. 33)AE EBL  480+78 492404  AE 0.33 .33 ) 150 155 . 8:27 8:27
12-M(120)C~(0.33)AE WBL 461428 470428 AE 0.33  0.31 .32 H 120 170 135 9.9 0 17.0 93. 99.0 ” 2:33 2:37
12-M(140)C- (0. 33)AE WAL 470478 4BOWTE A 0.33 0.3t B 140 150 o 12.4 87. 97.1 N 2:28 2:28
11-K(250)C-(0.33)AE WBL  480+78 492404  AE 0.33 0.3 B 150 155 " 2:17 2:18

M TL-29.17

11-#(140)D- (0. 38)AE EBL 492404 502454  AE 0.38  0.38 .31 H 140 185 150 1.2 3.9 48.0 92.0 97.6 8:38 8:39 29.8 L2567
11-M(140)D- (0. 38)AE WEL 492404 502456 AE 0.38  0.38 .32 H 140 135 110 19.3 3.8 w4 88.9 96.3 “ 1:13 1:15
11-M(120)D-(0.33)AE EBL 502454 511454 AE 0.33 0.35 B 120 125 :: 8:52 3.4 29.83
11-M(240)D-(0. 33)AE EBL 511454 522404 AE 0.33 035 .32 8 140 140 105 22.3 1.3 33.6 4.2 91.9 . 8:58
11-M(150)0- (0. 33)AE EBL 522404 533430  AE 0.33 0. B 150 155 9:06 . :
11-8(120)D-(0.33)AE WBL 502454 511454 AE 0.3 0.35 B 120 135 ) . 1:08
11-M(1460)D-(0.33)AE WBL  S1l4S6 522404  AE 0.33  0.35 .30 B 140 135 1s 17.8 2,6 444 88.4 96.2 : 1:01
11-8(150)D- (0. 32)AE WAL 522404 533430  AE 0.33  0.36 B 150 160 12:48
11-H(140)D- (0. 38)AE EBL 533430 543480  AE 0.33  0.29 8 140 130 105 17.9 1.8 42.7 88.7 9.4 " 9:16 9:14 3.2 30.00
11-N(140)D- (0.38)AE WEL  533+30 543480  AE 033 0.29 .31 8 140 130 15 25.9 1.5 39.3 86.3 95.6 " 12:34 12:34
11-M(140)E-(0.33)AE EBL 543480 554430  AE 033 0.39 .32 3 140 135 120 15.7 0.7 36.4 98.0 99.0 " 9:25 9:26 3.8 34.20
11-M(140) E- (0. 33)AE WBL 543480 554430  AE 0.33 0.3 .33 D 140 135 100 13.5 0.5 EYy 97.2 98.3 " 12:44 11:45
11-H(120)E-(0. 33)AE ESL 554430 563+430  AE 0.33 o3 3 120 115 M 9:34 9:33 *.2 36.00
11-M(140)E~ (0. 33)AE EBL 563430 573480  AE 0.33 0.3 .26 D 140 145 90 14.8 0.3 30.4 94.1 97.4 " ;:35 ;:;9
11-M(150)E-(0.33)AE EBL 573480 585406  AE 0.33 0.3 o 150 155 50 31
11-M(120)E- (0. 33)AE WBL 554430 563430  AE 0.33 0.2 b 120 120 - 11:36 15040
11-M(140)E- (0. 33)AE WEL  563+430 573+80  AE 0331 0.31 .31 o 160, 140 105 13.8 0.3 36.9 97.2 98.6 - 1n:31 11032
11-M(150)E- (0. 33)AE WBL 573480 SB5+06  AE 0.33  0.33 D 150 155 " 11017 108



TABLE 35 (Cont'd)

YL

TIME
AGGREGATE GRADATION
AGGREGATE -
AMOUNT OF ASPHALT DATE ASPHALT ROCKLAND
TYPE TYPE MOISTURE . i N
SECTION LOCATION saliyd? QUANTITY OF ! ACCUMULATIVE PERCENT RETAINED oF suoT PLACED VISUAL EVALUATION
OF or AGCREGATE CONTENT .

WMBER LANE o 10 ASPHALT DESIGN THD  TT1  AGCREGATE ~DESTGN TTI(Z) — TF1(3) PERCENT 172 iach  3/8 tnch  No. 4 Mo, 10 CONSTRUCTION AT AT 10/5/72 6/6/73
11-M(140)E- (0. 28)AE EBL 585406 595456 AE 0.28 0.3 » 140 125 % 13.7 0.4 28.3 92.6 9.4 B 9:59 9:59 3.2 35.14
10-M(140)E- (0. 28)AE WBL  SB5H06 595456 AL 0.28 0.2 .25 3 140 135 110 15.4 0.3 414 97.0 98.3 B 11:10 11:11
11-4(120)R- (0. 33)AE EBL 595456 604456 AR 0.3 033 .m » 120 130 115 12,0 13 40.6 96.1 98.5 - 10:11 10:12 3.3 35.72
114(140)8- (0. 33)AE EBL  60h+S6 615406  AE 0.33 0.3 A 140 155 85 1301 21 3301 93,4 97,7 . 10:20 10:22
11-M(120)R-(0. 33)AE WBL 595456 604+56  AE 0.3 0.33 .26 A 120 120 110 15.3 1.2 40.0 96.7 9.5 B 10:46 10350
11-8(140)R- (0. 31)AE WBL 604456 615406  AE 033 0.33 A 140 135 130 10 1.9 a.s 97,7 98.9 . 10162 10143
1-M500-(  )CE EBL 615406 620447  CE 0.20 B 150 2s 26.8 8-21-72 3.2
1-HASOD-( ICE WBL 615406 626447  CE 0.3 s 150 205 2.1 B
H-MQSOR-( )CE BBL 626447 641436 CE 0.33 A 150 185 143 B

11-M{150)R-( )CE WBL 624447 641436 CE 0.33 A 150 215 16.4 ”




signing until 4:00 p.,m. Asphalt cement was utilized on August 10. The

final asphalt shot occurred at 11:17 a.m.,, and uncontrolled traffic was
turned on the facility. Rainfall occurred between 2:00 and 3:00 p.m.
resulting in losé of aggregate from all sections placed on US59 on August 10.
Visual examination of the sections indicated that aggregates B and H degraded
excesgively; however, some fine aggregate remained in the wheelpath. Aggre-
gates A and D showed considerably less degradation although the aggregate

and asphalt was completely removéd from the wheelpath; These trial sections
were removed by a blade and replaced with an open-graded plant mix friction
course,

Trial sections utilizing the emulsions as the binder were placed on
SH103 on 9 August. The last asphalt shot occurred at 2:33 p.m. and uncontrolled
traffic was allowed to use the facility at 4:00 p.m. Aggregate was spread
immediately behind the asphalt distribution and prior to the emulsion break-
ing as indicated by a color change from brown to black on several rock lands.
No adverse effects were noted on these sections. At 1:13 p.m. on 9 August the
emulsion was shot, Due to a breakdown in the aggregate loader, aggregate
was placed at 2:11 p.m. No adverse effects have been noted in this section.

Trial sections placed with asphalt cement on SH103 on 10 August experi-
enced rain as did those on US59, Construction began at 12:55 p.m., on SH103
and terminated at 2:14 p.m. a few minutes prior to rainfall, Uncontrolled
traffic was allowed on the facility at 3:15 p.m. The remaining asphalt
cement section were not placed; however, on August 2l additional sectioms
utilizing cationic emulsion were placed as described in Table 34.

Visual evaluation of the asphalt cement sections on SH103 subjected

to traffic and rainfall indicated that all of the asphalt and aggregate was not
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removed from the wheelpath as occurred on US59, Aggregates A and D

performed better than Aggregates B and H.

Construction Egpipment

Texas Highway Department District 11 maintenance equipment and crews
were utilized for placement of the trial sections. A self-propelled
spreader box, 5-cubic yard dump trucks and pneumatic-tired rolling equipment

were utilized. Excess aggregate was not removed from the pavement after

construction.

Environmental Data

Average humidity and temperature for the months of July, August and
September of 1972 are shown in Table 23, Temperature extremes and precipi-
tation for the périod immediately prior and after construction recorded at
the Lufkin airport which is 10 miles north of 11US59 project and 10 miles
west of 11SH103 project are given in Table 36, Rainfall was recorded at
the airport during the afternoon of August 10. These showers were associated
with the loss of aggregate on both projects.

Asphalt and Aggregate Quantity

Asphalt and aggregate quantities determined during construction of the
projects are shown in Tables 34 and 35, Properties of the aggregates
utilized on this project are shown in Tables 2 and 15. Average gradations
are shown in Table 18 and moisture contents in Tables 34 and 35.

Skid Resistance

Skid measurements were made on the trial section location prior to
construction, A skid number of 36 was reported for SH103 and 29 for US59.

No measurements have been made after construction of the sections.
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TABLE 36: Temperature Extremes and Precipitation - 11US59 & 118H103

TEMPERATURE, °F PRECIPITATION,

DATE MAXIMUM MINIMUM INCHES

5 August | 96 71 —

6 August 98 67 -—

7 " 97 67 —_—

g 92 72 _—

9 " 95 75 _—
10 " 93 71 0.05
11" 91 71 T
12 " 91 73 0.68
13 " 90 73 0.32
14 88 70 1.34
15 " 92 68 0.21
16 " 90 72 —
17 " 90 74 0.03

Construction Dates - 8, 9, 10 August
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Surface Texture

Surface texture measurements were made before placement of seal coats
by using the putty impression method (29). Results of these tests are
shown on Table 37. No measurements have been made after construction of

the sections.
DISTRICT 5 TRIAL FIELD SECTIONS

Trial field sections were placed on U. S. Highway 62 (also US82) and
FM1730 south of Lubbock, Texas on the 22, 23 and 24 of August 1972, The
layout of these test sections is shown in Tables 38 and 39. As noted,
the main variables investigated were aggregate quantity, aggregate type,
asphalt quantity and traffic volume., These sections investigated the
same variables as the sections in District 11 (Lufkin) but were placed
in a different climate.

Construction Sequence

Construction was performed on US62 August 22 and 23, 1972 and August
23 and 24 on F™1730. The trial sections on US62 were placed on the passing
lane first while traffic was directed to the travel lane.

The final rock land was placed at 3:07 on the passing lane with
lane opened to traffic at 3:15 p.m., on 22 August 1972, Both lanes were
opened to uncontrolled traffic at 6:00 p.,m, on 22 August 1972,

Delays between the asphalt shot and the aggregate placement as shown
on Tables 38 and 39 were less than one minute for the first rock land and
from 7 to 10 minutes for the last rock land of an asphalt shot. Adequate
adhesion between the aggregate and asphalt was achieved with these delays

and under these environmental conditions,
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TABLE 37: Surface Texture Measurements - 11US59 and 11SH103

) SURFACE TEXTURE, INCHES
PROJECT LANE LOCATION
DESIGNATION NUMBER OF AVERAGE STANDARD
MEASUREMENTS DEVIATION
Travel Wheel Path 2 0.037
110859 Wheel Path 5 0.040 0.006
Passing
Between
Wheel Path 1 0.036
East Wheel Path 6 0.039 0.004
_ Bound
11SH103
{ West Wheel Path | 6 0.036 0.004
i Bound g
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TABLE 38: Trial Field Section - 5 US 62

e

08

WL HLGALE oo v e o R e
TvRe AMOUNT 0 asPhal e LARDI: “oISTURE L MEEATE RADATION e s ASPHALT  ~0URLASL
SECTION TN B B [EENTEY} ACLUMALATIVE PERUEND REIATM G B SHoT PLACED LR BAbLAL
NUMBER LARE oy o ASPRALT T - Tty PERCENI Ve teen e toun AT At i ity
S-H(120)C-10.37)a TL A30+00  333w60 AL .3 e . T
5-H{139)\ - (0, 37)AL T 3360 J1eTC A 0.37  T.er L33 i ) et
5-H{160)C-(0. 37)AC TL 31470 345490 AC 0.37  0.46 H e it 3¢ 187 BN LY 93y 93 .65
5-H{120)C-(0, 39)AC PL 330400 333460 AC 0.39  6.39 # s 3166 31,00
5-H(135)C- (0. 39)aC PL 333460 341420 AC €.39  0.39 .40 H 15: - 3.al 30.50
$-H{140)C-(0. 39)AC PL 341470 345+90  aC 2,39 0.39 ] ey 1o 18,3 91.5 CL 330 30.50
S-H(120)¢= (0, 32)AC TL 345490 353410 aC 0.32 037 3¢ ¥ i 120 1 [ 30,83 1730
$-H(135)C-(0, 32)AC TL 353410 361420 AC 0.32 Q.37 H 139 13s Bl 25,6 93y 98. 7 " 30,16 .00
5-H(140)C-(0.32)AC TL 361420 369+6U  AC 0.3 0.37 H 140 125 -
5-H(120)C-(0.34)AC PL  345¢90  353+10  AC 0.3¢  0.37 H 120 95 ' 10154 10:55 32.33 31.00
5-H(135)C~(0.34)AC PL 353410 J6l+20 AC 0.3 0.37 H 133 185 1.6 26,4 82.9 98.1 ' 12:56 10:59 30.16 30.33
S=R(140)C-(0,34)AL PL 361420 36%+60 AC 0.3 0.37 B It 165 " 11148 11:48
$-H(120)C-(0.27)AC TL o 369+60 373420 AC 0.27  0.30 H 120 1is - 451 4182 3.3 29.00
S-H(135)C=(0.27)AC TL 373420 381430 AC 0.27 0.30 .28 H 133 139 - 4354 4153 32.33 28.33
S~H(140)C-(0.27)AC TL 381430 389470 AC 0.27 0.30 H 1a¢ 1 165 ol 0.4 17.7 88.4 97,1 b 4156 5:08
5-#(120)C-(0.29)AC PL 369+60 373420 AC 0.29 0.35 H 120 110 ' 11:55 11:55 31.66 32.3%
5-H(135)C-(0.29)AC PL 373420 381+30 AC 0.29 c.35 37 H 135 135 11:57 11:58 Z. B9 33,00
$=H{140}C-(0.29)AC PL 381430 389470 AC 0.29 0.35 H 14 110 140 18,3 3 4.9 87.7 97.¢ ' 12:00 12:06
5=H(120)D~(0.31)AC TL  389+70  396+90 AC 0.32 0.3? .33 B 120 149 " 5:26 5:27 22.33) 22.33
$=H(135)D-(0.32)AC TL 396490  405+00 AC 0.32 0.37 8 1735 1o 95 43.5 4.6 60.7 95.8 " 5:29 5:30 25.33 25.67
5=H{140)D={) . I2IAC TL 405400 413450  AC 0.3z 0.37 ] 120 140 159 37.9 4.2 69.8 9.4 97 ; 5:33 144
5-H(120)B-(0. 34 )AC PL  389+70  396+90  aC 032 0.35 B 120 3103 - 12:40 12:40 25.66 25,67
5-H(135)D-(0.34)AC PL 396480 405400 AC 0.34 0.35 52 B 133 155 " i2:44 12:45 28.83 30.33
5-H(140)9-(0.34)AC PL 405400  413+50 AC 0.34 0.35 B 140 185 165 33.6 7.9 49.8 89.4 97.6 . 47 12:56
5-H(120)E-(0,32)aC TL  413+50  420+60 AC 0.32 0.32 . D 120 10 170 7.9 0.6 46.8 98.7 99.2 8-13-72 9:40 9:41 34.83 36,33
5-H(135)E-(0.32)AC TL  420+60  428+70 AC 0.32 0.32 b 135 135 " 946 944 35.08 36.67
S-H(140)E-(0.32)AC TL  428+70 437410  AC 0.32 0.32 D 160 135 0.8 37.6 98.4 99.1 " 9:48 9:58
5-H(120)E-(0.34)AC PL 413450 420460  AC 0.3 0.35 D 120 100 . 1:16 1:17 35.33 34,87
S5-H{135)E~(0.34)AC PL 420460 428470 AC 0.3 0.35 19 i 135 135 130 7.8 0.8 57.6 95.2 96.9 " 1:22 1:22 W, 25 35.33
S-H(140)E-(0, 34)AC PL 428470 437410  AC 0.3 0.35 D 146 165 120 8.4 9 s. 98.1 98.7 " 1:24 1:33
5-H(120)R~(0.37)AC TL 437410 440+70 AC 0.37 0.38 A 120 1% 2.3 42.4 96.7 98.3 " 10:22 10:22 34.41 34.00
5-H(135)R-(0.37)AC TL 440470 448480 AC 0.37 0.38 235 A 135 135 1.7 9 23.7 89.6 97.5 " 10:264 10:24 32.67
5-H(14Q)R-(0.37)AC TL  448+80 453400 AC 0.37 0.38 A 140 145 " 10:28 10:28
$-H(120)R-{0.39)AC PL 43M10  440+70 AC 0.39 0.39 A 120 110 1.7 37.7 95.9 98.8 “ 1:55 1:56 35.6 33.33
5-H(135)R-(0.39)AC PL 440470  448+80 AC 0.39 0.39 A 135 135 110 6.7 1.9 26.0 88.3 97.3 " 1:57 2:00 36,67
S-H(140)R- (0. I9)AC PL  648+80  453+00  AC 0.39  0.39 A 140 145 - 2:00 2:02
5~H(120)R-(0.32)AC TL 453400 456+60 Ac 6.32 0.23 A 120 115 ° 10:38 35.33 33.33
5-H(135)R-(0.32)AC TL 4506460  460+65 AC 0.32 0.23 A 135 135 125 6.0 1.7 23.7 8.7 970 " 10:44 13.67
5-H(140)R-(0.32)AC TL 460465 464485 AC 0.32 0.23 A 140 130 " 10:44
5-H(120)R-(0. 34)AC PL 453400 456460  AC 0.3 0.37 A 120 115 1.3 24,5 85.3 96. 3 N . 35.50 35.30
5-H(135)R-(0. 34)AC PL 456460  460+65 ac 0.34 0.37 W37 A 135 150 140 6.0 " 34,30
5-H(160)R-(0.36)AC PL 460465  4bu+BS  AC 0.3 0.37 A 140 155 "
5-H(12D)R-(0,27)AC TL  4bL+85 468445 AC 0.27 0.28 A 120 11s " 11:07 11:07 38,20 34.30
5=H{135)R-(0.27)AC TL 468445 476+55 AC 0.27 0.28 38 A 135 115 " 11:09 11:09 33.30
5-B(140)R-(0.27)AC TL 476455  480+75 AC 0,27 0.28 A 140 175 180 8.0 1.9 43.3 94.0 98.6 "
5-H(120)R-{0.29)AC PL 464+B5  4BB+4S ac 0.29 0.6 A 120 110 " 35.0 34,13
5-H{135)R-(0.29)AC PL 468445 476455 AC 0.29 0.36 A 135 175 " 3507
S-H(140)R- (0. 29)aL PL 476455 4B0MTD  AC 0.29  0.36 A 140 150 165 2.1 2.1 36.2 95.1 99.1 -




AMOUNT OF ASPHALT

TABLE 39:

Trial Field Section -~ 5 FM 1730

AGGREGATE GRADATION

18

TYPE 2 QUANTITY OF ASPHALT ROCKLAND

SECTION LOCATION oF gal/vd AGUREGATE ACCUMALATIVE PERCENT RETAINED SHOT PLACED VISUAL EVALUATION

NUMBER LANE  ppou to  ASPHALT - pecioy  THD DESIGN TTI(2) TTI(3) No. 4 No. 10 AT aT 5122/73
S-M(120)C- (0. 34)AC SEL 110010 128+38  aC 0.3 0,38 " 120 110 150 0.9 87.3 95.7 1:00 1:01 26.67
5-M(135)C- (0. 34)AC SBL 128438 142496  AC 0.3 0.3 H 135 140 195 0.7 93.1 98.9 123 1:24 31.67
S-H(140)C-(0.34)AC SBL 142496 163+12  AC 0.3 0.31 H 140 150 200 1.6 91.0 99.2 2:05 2:06
5-M(120)C- (0, 34)AC NBL 111410 128+38  AC 0.3 0.28 B 120
5-M(135)C- (0. 34)AC NBL 128438 142436  AC 034 0.29 u 135 115 100 1.8 91.2 98.4 216 2:16
5-M(140)C-(0, 34)AC NBL 142496 163412 AC 0.36  0.36 u 140 165 110 11 92,6 98.6 116l 1:43
5-M(120)D- (0. 34)AC SBL  163+12 1800  AC 0.3 0.33 s 120 135 160 3.5 85.8 94.5 203 138 31.33
5-M(135)D-(0. 34)AC SBL  150W0 196498  AC 0.34 0,34 B 135 115 185 3.1 90.9 9.6 150 2:51 31.67
5-4(140)D- (0. 34)AC SBL 194498 215¢14  AC 0.36 0,35 B 140 130 150 5.0 92.8 98.1 3:24 3:28
5-M(120)D- (0. 34)4C NBL 163412 180+40  AC 0.3 0.39 B 120 125 90 3.7 90.9 97.4 126 127
5-M(135)D- (0. 34)AC NBL 18040 194498  AC 0.36 0.3 B 135 135 120 8.5 51,4 57.4 12:37 12:37
5-4(140)D-(0. 34)AC NBL 194498 215+16  AC 0.3 0.3 B 140 165 150 7.0 92.6 98.1 121 12:24
5-M(L20)E-(0.34)AC SBL 215416 232442 AC 0.34 .30 b 120 130 130 1.0 98.7 99.2 3156 4:09 35.67
5-M(135)E- (0. 34)AC SBL  232+42 247+00  AC 034 0.35 o 135 135 200 0.7 94.7 98.3 4:20 4129 34,33
5-M(140)E- (0. 34)AC SBL 247400 267+16  AC 0.3 0,39 o 140 130 190 0.2 97.3 98.7 5:09 5:18
S-M(120)E- (0. 34)AC NBL 215416 232042 AC 0.3 0.3 ) 120 115 150 0.6 97.2 98.5 12:05 12:05
5-M(135)E-(0.34)AC NBL 232442 247400  AC 0.3 0,25 D 135 135 235 0.3 97.3 98.3 10:51 10552
5-M(140) E- (0. 34)AC NBL 247400 267416  AC 0.3 028 o 140 160 180 0.5 98.7 99.4 10:34 10:35
5-M(120)R- (0. 34)AC SBL 267416 284w4  AC .34 .30 A 120 140 5:33 5136 5. 36.00
5-M{135)R- (0. 34)AC SBL 28444k 299402  AC 0.34 0,33 A 135 135 6:18 6:19 3. 34.00
5-M(160)R- (0. 34JAC SBL  299+02 319+18  AC 0.3 0.32 A 140 145 180 95.4 99.4 6:28 6:39
5-M(120)R-(0,34)AC NBL 267416 284tk AC 0.3 0.3 A 120 125 170 2.8 97.0 99.3 10:11 10:15
5-M(135)R-(0. 34 )AC NBL  284+44 299402  AC 0.35  0.29 A 135 130 200 0.9 9.2 96.8 9122 9:23
5-M(140)R- (0. 34)AC NEL 299402 316+18  AC 0.3 0.35 A 140 135 1.3 95.1 9.8 9:00 9:03




Construction Equipment

Texas Highway Department District 5 maintenance equipment and crews
were utilized for placement of the trial sections. A self-propelled
spreader box, 4fcubic yard dump trucks and pneumatic-~tired rolling equip-
ment were utilized. Excess aggregate was not removed from the pavement
after construction,

Environmental Data

Average humidity and temperatures for the months of July, August
and September o6f 1972 are shown in Table 23, Temperature extremes and
precipitation for the period immediately prior and after construction
recorded at the Lubbock airport Whiéh is 10 miles from the project site
are given in Table 40. Rainfall was recorded at the airport on thevnight
of the 22nd, but only a trace of precipitétion was noted at the project
site. A cool wind from 15 to 20 miles per hour was present during con-
struction on August 24,

Asphalt and Aggregate Quantities

Asphalt and aggregate quantities determined during construction of
the project are shown in Tables 38 and 39. Asphalt pickup on the aggre-
gate spreader box tires was noted on several sections of 5FM1730 constructed
in the afternoon of August 23, Excessive asphalt together with the
relatively small size of aggregate B utilized on these sections appeared
to create the problem,

Asphalt and aggregate properties utilized on this project are shown
in Tables 2 and 15. Average gradations are shown in Table 18 and moisture
contents in Tables 38 and 39.

Skid Resistance

Skid measurements were made an the trial sections before and after
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TABLE 40: Temperature Extremes and Precipitation - 5US62

o

( DATE TEMPERATURE, F PRECIPITATION,
MAXIMUM MINIMUM INCHES

!
20 August 72 88 65 —-
21 August 72 92 67 0.18
22 "o 81 62 0.23
23 "o 85 64 Trace
24 "o 94 66 _—
25 "o 74 62 0.18
26 oo 72 64 0.94
27 "o 73 63 2.72
28 vt 84 63 -—
29 "o 85 64 -
30 "o 89 67 -—
31 August 72 91 66 Trace

Construction dates - 22, 23, 24 August
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the seal coats were placed. As noted in Tables 41 and 42, a significant
increase in skid number is apparent between the old and new surfaces.

Surface Texture

Surface texture measurements were made before and after placement
of seal coats by using the putty impression method (29). Results of
tests conducted before construction on 5US62 are shown in Table 43. These
data indicate the variations in surface texture, and thus to a certain
degree the asphalt demand between passing and travel lane and also
across any given lane. The variation across the travel lane is
particularly evidént from these data. Table 44 shows surface texture
data taken before construction on 5FM1730. These data show similar re-
lationships to those evident from the more heavily traveled US62 roadway.
Surface texture measurements performed after construption on the
various trial sections are shown in Table 45, Coefficients of variation

of the order of 40 are not unusual as evident from these data.
SEAL, COAT DESIGN METHODS

Methods utilized for the design of asphalt quantity and aggregate
spread rate for seal coats and surface treatments have been adequately
summarized by the Asphalt Ingtitute (21). Three types of methods are
recognized in this publication and are referred to as design methods for
one-sized aggregate, design method for graded aggregate and design method
for multiple surface treétments. These methods are based on references
10, 11, 16, 17, 18, 19, 20, 21, 22, 23 and 30, The design method for graded
aggregate is based on work performed by Lovering (14) while the crack for
multiple surface treatments is based on studies by Kearby (10) and

Benson and Gallaway (11).
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TABLE 41: Skid Resistance Data - 5US62

N4o
AGGREGATE LANE NUMBER OF AVERAGE STANDARD RANGE
TYPE MEASUREMENTS DEVIATION
Travel 9 57 2 53-59
A
Passing 9 58 2 57-60
Travel 3 38 4 35-42
B
Passing 3 54 6 48-59
Travel 3 50 4 45-53
D _
Passing 3 58 1 58-59
Travel 9 58 10 42-67
H
Passing 9 66 3 62-71
Travel 14 36 7 21-42
Before
Construction
Passing 14 44 8 29-55
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TABLE 42:

Skid Resistance Data - 5FM1730

SN

40

g AGGREGATE LANE NUMBER OF AVERAGE STANDARD RANGE
; TYPE MEASUREMENTS DEVIATION
i )
i A ? 6 51 5 42-56
| B *_’ 6 T 3 49-58
%
i ;
1 D 6 © 51 § 3 46~54
% - 6 ? 53 5 4 54-61
r
{
i Before South Bound 20 28 2 25-33
Construction

North Bound 20 32 8

21-48
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TABLE 43: Surface Texture Measurements - 5US62 Before Construction

SURFACE TEXTURE, INCHES
r LANE WHEEL PATH NUMBER OF AVERAGE STANDARD
| MEASUREMENTS DEVIATION
| All 10 0.040 0.013
Outer 4 0.034 : 0.007
TRAVEL Inner 3 0.038 0.006
Between 3 0.055 0.024
- Inner & Outer 7 0.0135 0.006
| All 10 1 0.075 0.021
% Quter 3 0.087 . 0.016
| PASSING Inner 3 0.059 0.018
% Between 4 0.078 0.022
| .
| Inner & Outer 6 . 0.073 0.022
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TABLE 44: Surface Texture Measurements - 5FM1730 Before Construction

SURFACE TEXTURE, INCHES
!
LANE ' WHEEL PATH NUMBER OF AVERAGE STANDARD
' MEASUREMENTS ! DEVIATION
- | i
i All ' 11 0.023 0.012
SOUTH . Outer 5 0.016 0.011
BOUND :
' Inner | 5 0.026 0.010
z ; '
' Between : 1 5 0.043 -
: : 1
§ All o 9 0.026 0.018
* NORTH ; Outer ; 2 0.010
' BOUND ; ] :
i Inner g 4 0.018 0.009
; ?
| Between i 3 0.046 | 0.013
HE :
NORTH &  |Inmer & Outer ° 16 0.019 0.011
SOUTH — :
BOUND % Between é 4 0.045 0.010
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TABLE 45:

Surface Texture

Measurements - 5US62 and 5FM1730 After Construction

SURFACE TEXTURE, INCHES

HIGHWAY AGGREGATE NUMBER OF | AVERAGE |  STANDARD | RANGE {
TYPE READINGS | DEVIATION | {
. ;‘ ! 3
7 A | 2 : 0.067 ——— ¢\ 0.025-0.109
. L H 1y
M I —-
: | : i
) B | 4 ; 0.056 0.024 ! 0.031-0.071
5US62 : T , T
. D 2 " 0.038 —_ —_
— Aj H
3 H [ 12 0.059 0.020 . 0.031-0.105 1
i . \
1 . ! ;
: A L6 0.022 0.020 0.001-0.043
! :
SEML730 5 B . 2 N 0.013 ——- ——
: ; i :
: D ! 5 0.027 i 0.009 0.017-0.039
i ! ! i
‘- s
, B LT f 0.028 ! 0.015 0.016-0.060 |
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Based on a review of Texas Highway Department practices presented
above the Kearby method also referred to as the "board" method appeafs to
be the most popular method utilized in the state. The Asphalt Institute
(21) further suggests that this method be utilized for final design quantities
when the aggregate has been selected and available for design.

Comparison of Design Methods

Asphalt and aggregate design quantities for Texas Highway Department
Grade 4 lightweight aggregate (12) as determined by Hansen's method as
described in reference 21 and by the Modified Benson énd Gallaway method
as described in reference 31 are shown in Table 46. The fine, medium and
coarse portions of the gradation bands were utilized for this determination.
In general the aggregate rates determined by the modified Kearby method
are in agreement with proven field experience gained as a part of this
research project and Texas Highway Department field experience. Thus,
those aggregate quantities determined by Hanson's method afe greater than
required. The asphalt quantities resulting from both methods are lower
than those generally utilized for synthetic aggfegate seal coats in Texas.
Thus, adjustments should be made in these design methods for prediction
of asphalt quantities.

Aggregates utilized for construction of trial sections on project 14SH95
were sampled and design aggregate and asphalt quantities were determined by
four methods as shown in Table 47. Hanson's and Lovering's design calculations
were performed according fo the procedure given in reference 21, while
the modified Kearby method was performed according to the procedure given in
reference 21. The fourth method is a modification of the Kearby method as
prepared by J. W, Livingston of District 19 (Atlanta) of the Texas Highway
Department. Of the methods investigated, the modified Kearby method appeared
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TABLE 46: Design Asphalt and Aggregate Quantities for Texas Highway Department Grade 4 Light Weight Aggregates

* !
HANSON'S METHOD ! MODIFIED KEARBY METHOD**
T . é
| AGGREGATE | GRADING AGGREGATE | ASPHALT AGGREGATE ASPHALT
IDENTIFICATION SQ. YDS/CU. YDS. = GAL/SQ. YDS. . SQ. YDS/CU. YDS. GAL/SQ. YDS.
Fine 105 0.21 105 : 0.22 j
1 |
A i Medium | 95 0.23 -—- ' e i
Coarse 85 | 0.25 J 130 { 0.26
i Fine g 100 g 0.21 : 145 ; 0.21
B g Medium | 90 < 0.23 ! --- ' ---=
: if '
Coarse ; 80 ; 0.24 i 120 0.26
A |
; Fine } 110 : 0.20 5 140 0.19
E | % f
é ; s |
; D : Medium z 100 0.21 3 -—- ; ———— .
| ' | : ‘
| Coarse 90 0.23 125 ! 0.22
i f ;
§ Fine 70 0.22 140 : 0.22 ;
| ; i ;
; H : Medium 65 0.24 -— ‘ ——
!, 1
i
? Coarse 60 ; 0.26 135 0.23

H i 1

*Quantities determined for traffic volumes between 500 and 1000 vehicles per day, a slightly porous, slightly

oxidized surface and no aggregate waste.
*% Quantities determined for moderate traffic, a slightly porous, slightly oxidized surface, and no aggregate waste.
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TABLE 47:

HANSON'S METHOD (1)

LOVERINGS METHOD(2)

MODIFIED KEARBY METHOD(3)

Design Asphalt and Aggregate Quantities for Aggregates Used on 14SH95 Project

TEXAS HIGHWAY DEPT. (4)
DIST. 19 METHOD

AGGREGATE
IDENTIFICATION AGGREGATE ASPHALT AGGREGATE ASPHALT AGGREGATE ASPHALT AGGREGATE ASPBALT
sqQ. YDS/CU. YDS. GAL/SQ. YDS. 5Q. YDS/CU. YDS. GAL/SQ. YDS. S0O. YDS/CU. YDS. GAL/SQ. ¥hS. | 5Q. YDS/CU. YDS. GAL/SQ. YDS.
A 95 0.23 110 : 0.33 i 145 0.20 110 0.30
T f
B 70 0.28 110 0.33 : 140 0.23 95 0.32
D 80 0.26 110 0.33 115 0.27 110 0.36
H 60 0.27 125 0.29 110 0.35 120 0.45
M 85 0.26 . 120 0.31 140 0.20 ! 110 0.17

i

(1) Quantities determined for 500-1000 vehicles per day, a slightly porous, slightly oxidized surface and no aggregate waste.

(2) Quantities determined for 500-1000 vehicles per day, a slight porous, slightly oxidized surface and no aggregate waste.

(3) Quantities determined for moderate'traffic, a slightly porous, slightly oxidized surface and no aggregate waste.

(4) Method developed by district 19, Atlanta based on Kearby Method.




to be the best prediction of aggregate quantity while the Lovering and Texas
Highway Department method was the best prediction of the asphalt quantity.
Inaccuracies in determination of aggregate bulk specific gravity can in part
be responsible for the unusually high aggregate quantities predicted by
Hanson's error.

Development of Design Method

In order to more accurately predict the quantities of aggregate and
asphalt required for a particular synthetic aggregate seal coat project a
modification of the existing Kearby method has been developed. This method
involves spreading aggregate one stone thick on a board of a known area,

From a knowledge of the loose unit weight of the material and the weight
of aggregate per unit of surface area, aggregate quantities may be determined.

Asphalt quantfties are determined by calgulation of an average aggregate
mat thickness, selecting an appropriate percent embedment and calculating
the amount of asphalt to fill this volume between the aggregate to the
selected embedment depth assuming that the rocks in one stone layer will be
the same as the rocks in the loose mass of aggregate, Furthermore, it is
assumed that the aggregate is non-absorptive. The relationship between
average mat thickness and percent embedment is shown on Figure 11. The
original curve suggested by Kearby (10) together with the Penson and
Gallaway modification (11) and the suggested curve for use with synthetic
aggregates are shown for comparison purposes. Details of the method together

with sample calculations are shown in Appendix A.

EVALUATION OF TRIAL SECTIONS

Evaluation of the performance of the trial field sections was determined

by skid resistance measurements, surface texture measurements and visual
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PERCENTAGE OF EMBEDMENT

60 _rAveroge mat thickness —

4 Lalo0n0Qol
—[- Embedment —f

Original Kearby Curve
---=-« Benson and Gallaway Modification

0 - Suggested Curve for Synthetic Aggregates

L |

O 02 04 06 08 10 2
AVERAGE MAT THICKNESS, INCHES

Figure 11. Relation of percent embedment to mat
thickness for determining quantityr
of asphalt,
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evaluation. Skid resistance and surface texture measurements are reported
above., The visual evaluation method utilized in this study was based on a
review of the literature (22, 33, 34).

The form selected for use in evaluating the trial sections and randomly
selected roadway sections is shown on Figure 12, The major sections of the
form are job identification, materials and design and evaluation. A total
of 40 points are possible in the evaluation section. Ten points for each
of the following categories discussed below.

1. Visual inspection - A measure of the raters' overall impression
of the sections as seen from the drivers' view. Detailed inspection is not
a part of this category.

2. Aggregéte Degradation - The degree of aggregate crushing occurring
during the construction and by traffic using the facility. This evaluation
is made relative to the gradation of the aggregate as it exists in the
stockpile.

3. Aggregate Retention - The amount of aggregate retained on the
roadway.

4, Bleeding - The amount of fat or flushed spots in the roadway. This
could result from excessive asphalt, too little asphalt and subsequent loss
of aggregate, or loss of aggregate due to environmental problems.

Visual evaluation of the trial sections was performed by a rating team
composed of representatives of the Texas Highway Department and the Texas
Transportation Institute. Irl Larrimore (Texas Highway Department) and
Jon Eppé (Texas Transportation Institute) and a District representative
were present for all information reported iq Tables 20, 28, 33, 34, 37 and

38 for the various trial sections., John Nixon, Arthur Hill, and Robert
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JOB IDENTIFICATION

District No. Highway No. —______  County
Contro!l No. Section No. Job No.
miles NSEW of (nearest town),
Mile Post — ____ to Mile Post
Triol Field Section No. Date Sealed
MATERIALS AND DESIGN
Aggregate Source Aggregate Quantity
Asphalt Source Asphalt Quantity
(gal. /sq. yd.)
Length of Section Evaluated miles
EVALUATION
|. VISUAL. INSPECTION 3 A ATE RETENT
c 2 4 6 8 © e . ¢ .4 & 8 10
Very Poor Foir Good Very Entire  Aggregate Some Slight
Poor Good Aggregate Loss Aggregate Aggregate

Loss In Wheel Loss In Loss
Path Wheel Poth

2. AGGREGATE DEGRADATION 4 BLEEDING

0 2 4 6 8 10 o] 2 4 6 8 10

L L L i 1 1 1 ] 1 1 | L 1 Il 1 i { f ] 1 { j

Excessive Moderate None Excessive Bleeding  Slight  Slight

Heavy Slight ond in Bleeding Discolor-
Extensive Wheel in ation
Bleeding  Poth Wheel Poth in
Wheel Path

TOTAL SCORE

COMMENTS:

Figure 12. Seal coat evaluation.
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Keyser of the Planning and Research Division, Materials and Test Division
and Construction Division of the Texas Highway Department were present on
a majority of the evaluations. Polling of the evaluators was performed
individually,

Fifty seal coated roadway sections were evaluated in Districts 5, 8,
14, 23 and 25 with the visual examination form described above. The results
of these evaluations form a basis for comparing the results obtained on the
field trial sections. The sections evaluated were on high and low traffic
volume roads and were constructed with both synthetic and natural aggregates
at various times, Average values for these sections are shown in Table 48
with a total score of 30 being a representative average for the fifty sites
investigated.

Evaluation scores of the field trial sections are shown in Tables 21, 29,
34, 35, 38 and 39. All field trial sections have been evaluated a
minimum of two times--immediately after construction and after one winter
of service. A third evaluation will be made during the fall of 1974, With
few exceptions both lanes of the field trial sections were evaluated as
one. With few exceptions all sections placed had evaulation scores
above thirty. Scores below thirty were most commonly associated with Aggre-
gate B, Stations 330+00 to 345+90 on US62 near Lubbock had excess asphalt
and thus a resulting low score. In general, adequate performance was
obtained on all sections with the exception of those placed on US59 south
of Lufkin which has been .previously discussed, Performance trends over a
period of time to study the effects of traffic and the environment will be
developed as parts of other research projects, Particular attention should

be paid to freeze-thaw damage and the effects of traffic on skid resistance,
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aggregate degradation and surface texture.

Aggregate degradation was scored individually during the evaluation and
discussed in general after the evaluation. The consensus of those who
evaluated the trial sections indicated that Aggregate B showed the most
degradation followed by Aggregate H. Aggregates A and D showed considerable

less degradation.
DISCUSSION OF RESULTS

A large amount of field data has been collected on this project.
These data together with data to be collected in the future may lead to
the improvement of seal coat design and construction practices together
with revised material specifications. The results of the data gathered
to date and presented above are discussed below.

Construction Procedures

Equipment - Self—propelled pressurized asphalt distributors and self-
propelled aggregate spreaders are commonly used for construction of seal
coats. Self-propelled pneumatic tired compaction equipment is commonly
utilized,

Traffic Control - Traffic control is effected by a number of methods

depending upon district preference, volume of traffic and highway geometrics.,
The use of pilot cars appears to be the most effective method of traffic
control on two-lane roadways without shoulders. The use of signing and
traffic cones for four-lane and two-lane roads with shoulders appears satis-
factory except for control of traffic speed. Positive speed control should be
required.

Traffic control should be maintained until adequate bond is achieved

between the aggregate and the asphalt., The time necessary for this to
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occur is dependent upon the environmental conditions, the moisture content
of the aggregate, the type of asphalt and the amount of traffic. If traffic
is allowed to use the facility and aggregate loss 1s evident, traffic should
be removed or its speed controlled until a satisfactory bond is achieved.
This procedure is absolutely necessary should rain occur immediately

after placement of seal coats,

Timing - Time delays between the asphalt shot and the placement of aggre-
gate on sections utilizing asphalt cements ranged from one minute for
placement of the first rock land after application of asphalt to as high

as 8 to 12 minutes at the end of the asphalt shot. During cool weather

the length of asphalt shots should be reduced to promote good adhesion
‘between the asphalt and aggregate,

The use of anionic emulsion on cool and humid days will result in
considerable construction delay and possible loss of the emulsion by run-
off. On hot days anionic emulsions were covered with aggregate prior to
breaking with satisfactory results, Cationic emulsions wer: utilized
during warm weather and covered immediately with aggregate without encounter-
ing difficulty.

Asphalt Distribution - Design asphalt quantities were, with few exceptions,

placed successfully on the trial sections. Transverse and longitudinal
distribution variation are normally not determined during Texas Highway De-
parﬁment construction operations. Transverse spread rates should not be
allowed to vary more than 15 percent for asphalt emulsions and no more than
10 percent for asphalt cement while longitudinal spread rates should not.
vary more than 10 percent regardless of the type of materiai (21). Examina-
tion of the data collected suggests that for the most part varlations walthiln

the suggested limits were achieved. A large amount of data scatter is
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evident when comparing asphalt in pans. Some of these variations are due
to poor handling of the pans between the time of construction and weighing
the pans at the laboratory.

Aggregates

Aggregate Distribution - Aggregate distribution rates were difficult to

control as the rate was changing at each rockland on a number of projects.
Control was attempted by changing the hopper opening while maintaining a
constant speed of the spreader box. Each aggregate required different
settings to obtain a like aggregate rate. A change in one notch of the
box opening control normally changed the quantity of aggregate by 10 to 15
percent. Data collected by measuring the amount of aggregate in the hopper
at the start and end of a rockland and knowing the amount of rock in the
truck and the length of land agree reasbnably well with the design quantities.
A review of the data collected from boxes placed on the roadway suggest
that poof aggregate distribution is achieved; however, satisfactory perform-
ance is evident, A 15 percent variation in aggregate spread quantity is not
unlikely on seal coat projects.
Degradation - Aggregate degradation was one of the principal factors studied
during the project., A 10 to 15 percentage point increase in material retained
on the 3/8-inch sieve is evident while smaller changes are evident on the No. 4
and No. 10 sieves. Aggregate sampling and testing variations appear to con-
tribute to the data scatter indicated in these two tables. Claims of degradation
during shipping and handling are contradicted by these data.

Visual examination during and after construction indicate that Aggregates

B and H are more susceptible to crushing than Aggregates A and D. However,
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adequate trial section and in-service pavements have been constructed with
all types of aggregate.

Moisture Content - Rainfall prior, during and immediately after construction

was indicated to be a major contributor to seal coat failure. Moisture can-
tents of aggregates placed on projects in the study are shown in Table 49.
Aggregates A and D have similar moisture contents and similar water absorp-
tion curves as shown in Figures 1 and 2. On the average Aggregate H has a
slightly higher moisture content than Aggregates A and D, Aggregate B has
moisture contents in excess of thirty percent on one project and above twenty
percent on all but one project. This aggregate also absorbs moisture at a
relatively fast rate (Figures 1 and 2). Waterproof covers are advised for

dry stockpiles.

Gradation - Detailed information on aggregate gradation including wvariation

of grading as the aggregate fell on the pavement and collected in boxes is
shown in Tables 30 to 55. Examination of data gathered on percent retained on
the 3/8-inch sieve indicates that a standard deviation of 5 to 6 is not unusual
with two projects reporting in excess of 10. Specifications indicate a range
of 20 to 40 percent retained on the 3/8-inch sieve. Thus, if the aggregate
supplier is to be 95 percent certain of meeting the gradation specification,
he must produce the aggregate near the middle of the gradation band with
allowance for degradation during shipment. Proper stockpile sampling will
doubtless yield entirely different results.

Performance

Skid Resistance - Skid numbers measured at 40 mph with the self-watering

THD trailer are above 55 for all sections reported. Values above 60
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TABLE 48: Results of the Visual Examination of Selected

Roadway Sections in Texas

INSPECTION THD DISTRICT DESIGNATION
CATEGORY
14 23 8 5 25

Visual 7.3 6.4 7.0 7.5 7.1
Aggregate
Degradation 8.3 8.0 7.8 7.7 7.7
Aggregate
Retention 7.3 7.0 8.3 8.3 8.0
Bleeding 8.8 6.9 6.9 7.0 7.2
TOTAL

SCORE 31.7 §28.3 {30.0 {30.5 {30.0
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TABLE 49: Aggregate Moisture Contents

£0T

Project
2 - sH6 5 - US62 5 - FM1730 11 - Uss9 11 - SH103 14~-SH95* 14-SHY5**
T | ] [ T
Aggregate _ i i _ _ ! i i
Type 3 c Cv N g '€ Cv N 3 c Cv N g C Cv N z c Cv i N % c ! Cv iN % c Cv
i ' l i
A 10.6 3.6 334.2) 11] 7.1 [1.0 |14.9] 6 11.2 [ 5.5 }49.4 4 11,5 11.9}16.6) 6 13,7 2,0 114,91 6 9.3 1.1 12.5;17410.4 2.8 :27.4
i T L R 1
B 20.6 |5.3 ]25.8} 1439.0 {4.0 ]10.4] 3 32.9 | 6.4 {19.4 6 24,2 12.,5)10,2) 6 20,5 | 3.7 !18.0 12 17.8 '2.4 13,3} 13{21.8 = - -
T i ! T
D 11.3 ]3.4 !30.6} 94 8.0 .3 | 4.0} 3} 12.7{3.5127.2' 6 11.3° .7) 5.9] 5 14.3 9 6.611019.1 2.6 28.95 7112.9 ; - -
+ . : + + +
' | ' : ! ; i
H 13.4 (6.0 '44.4 7{17.8 {3.4 [19.4} 4 11,51 2.0 17.9: 5 7.4 .74 9.2) 8 10.1 .80 7.71 55,9 ;1.7 ‘10.6: 12115.4 {6.2 | 40.5
1 e . .

* placed 1971
** placed 1972

g = mean or average valve
o= gtandard deviation
Cv = coefficient of variation percent

N = pumber of reading
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TABLE 50: Gradation of Aggregate Utilized on Project 2-SH6

ACCUMULATIVE PERCENT RETAINED

TYPE OF AGGREGATE

A B D H
SIEVE i ,: ‘ 7 T ’_
SIZE - ; ‘ |
- | - - B
be o c, Nz o lc N | g o c, Nl g o c,
i E
! H
5/8-inch 0 12 | 0.2 E 13 | o 1| o ;
1/2-1nch 1.2 | 0.7 |s5.0 |12 3.0} 0.8 |38 |13 | 0.3 11| 0.2 | i f
. . N 4 i
) i 1
3/8-inch 24,64 | 6.5 |27.0 12 {49.6 | 9.4 [19.0 13 | 25.9 6.9 27.0 | 11| 9.2 = 2.9 § 81.0
No. 4 93,1 | 2.2 2.4 12 193.3 | 2.7 | 2.9 13 | 96.6 3.3 3.4 {11} 87.1 ; 3.2 § 3.7
98.9 0.6 0.6 12 |98.1 0.8 0.8 13 | 99.0 0.5 0.5 | 11§ 97.0 . 1.8 1.8 §

No. 10




TABLE S51: Gradation of Aggregate Utilized on Project 5-US62

S0t

ACCUMULATIVE PERCENT RETAINED
TYPE OF AGGREGATE
. A B D H
SIEVE .
SIZE X o Cv N X ° Cv N -}_(. c Cv N X o Cv
5/8~inch | 0 8 0.5 3 0 5 0
1/2-inch § 1.7 oh 24,6 8 5.6 3 0.9 0.1 14.9 5 1.1 0.6 57.6
3/8~-inch [32.2 8.6 26,7 8 160.1 3 50.0 8.1 16.2 5 22,1 5.8 26.4
No. 4 91.6 4.3 4,7 8 {93.2 3 97.4 1.5 1.5 5 91.3 6.4 6.9
No. 10 97.9 1.0 1.0 8 §97.8 3 98.3 1.0 1.1 5 98.0 o7 .7
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TABLE 52:

Gradation of Aggregate Utilized on Project 5~FM1730

ACCUMULATIVE PERCENT RETAINED

TYPE OF AGGREGATE

SIEVE A

SIZE % o) c, N 3 o) C, % o c, z o Cv
5/8-inch 0 4 0.1 0 0 0.0
1/2-inch | 1.5 0.8 | 56.0 4 5.1 2.2 ] 42,0 0.6 0.4 67.0 1.2 0.4 [38.4
3/8-1inch | 31.4 3.4 | 11.0 4 1 48.8 3.3 6.7 31.4 5.6 18.0 19.3 2,2 l11.6
No. 4 95.4 1.2 1.2 4 90,7 2.6 2.8 96.9 1.8 1.8 91.0 2,3 2.5
No. 10 99,1 0.6 0.6 4 97.0 ‘1.3 1.4 98.7 0.5 0.5 98.1 1.9 2.0
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TABLE 53: Gradation of Aggregate Utilized on Project 11-SH59

ACCUMULATIVE PERCENT RETAINED

TYPE OF AGGREGATE

Sieve A B H

Size z (o} Cv N % o Cv z o] Cv z a Cv N
5/8-inch 0.0 | 8 0.1 0.1 0.1 18
1/2-inch 1.4 0.4 27.6 8 4.1 8.5 {20.4 0.4 | 0.4 89.3 1.6 18
3/8-inch 38.3 2.9 7.4 8 | 34.4 j1l1.7 |} 33.9 37.7 3.7 9.7 24.3 12,3 |50.6 18
No, 4 96.0 l.4 1.4 8 | 83.9 6.6 7.8 97.9 .6 0.7 92.8 3.1 3.3 18
No. 10 98.2 0.6 0.6 8 | 97.8 0.4 0.4 98.9 0.5 0.5 98.0 1.0 1.0 18




TABLE 54: Gradation of Aggregate Utilized on Project 11-SH103

ACCUMULATIVE PERCENT RETAINED

801

SIEVE TYPE OF AGGREGATE
SIZE A B D |24

3 I (¢} ] C N = o] T C N = o) C N = c C

X A/ X v X v X \'4
. K ! : !
5/8-inch 0.0 ; 6 0.2 .7 0.1 7.0 :
7 » 7 il T ; - f
1/2-inch 1.2 0.7 . 0.6 6 2.9 1.6 . 60 | 7 0.7 0.6 L 88 7. 0 |
. " e : } ;
: ! ! ! F : ! ?

; 3/8-inch 38.5 6.8 |17.6 6 143.2 ; 88 | 20 . 7 3.9 4.8 13 7i13.1 4.1 ¢ 32
T ; . i 7 B

No. 4 95.6 2.1 { 2.2 6 :89.4 7.1 7.9 7 1941 1 4.7 5 7(86.2 11.6 = 13
‘ ; f : T

No. 10 98.1 0.9 | 0.9 6 196.5 2.6 2.7 | 97.7 1.3 1 1.3 7(93.9 11.1 | 1.2




TABLE 55:

Gradation of Aggregate Utilized on Project 14-SH95

ACCUMULATIVE PERCENT RETAINED

TYPE OF AGGREGATE

SIEVE
SIZE A B H
z o Cy N1z © C % % ° Cy N

5/8-inch 0 23 0.0 0 0
1/2-inch 1.4 .8 59.0 21 Q.8 5 67.0 .3 0.10
3/8-inch 31.6 5.6 18.0 21 34,0 15,7 17.0 43.2 16.9 5.9 35.0 24
No, 4 92.9 2.9 3.1 21 88.9 |5.9 7.1 96.5 90.2 2.0 2.3 24
No. 10 97.§ 1.0 1.0 21 95.1 1 3.0 3.2 97.8 97.4 0.9 0.9 24




predominate. The skid numbers appear to be reasonably independent of aggre-
gate quantity and asphalt quantity within the variation investigated on the
project., It should, however, be polnted out that the pavements have been
subjected to a relatively few number of vehicle passes., Surface texture
measurements were performed on all projects with the majority of values
between 0,04 to 0,10 inches as measured by the putty impression method,
These values are in agreement with other seal coats measured in Texas and
reported in reference 29, Measurements after additional traffic will mést
likely show a reduction in texture values.

Visual Examination - Visual examination after construction indicated that

all sections performed satisfactorily within the variation studied in this
project except those placed on US59 near Lufkin which were subjected to

heavy traffic and rainfall within a few hours of placement. Thus, these

data indicate that asphalt quantities can vary plus or minus 15 percent from
the design over a 15 to 20 percent range and aggregate quantities can vary
plus.lo percent and minus 20 percent from design with satisfactory performance.
The authors recommend that design procedures be followed and close super-

vision of construction be maintained.

Seal Coat Design - A modification of the Kearby design method has been

suggested for use in designing seal coats (Appendix A). The design asphalt
and aggregate quantities are in accordance with quantities considered near
optimum for the field trial sections.
SUMMARY
Information collected from personal visits to Texas Highway Department
district offices, field observations, detailed questionnaires and the construc-

tion of field trial sections indicate that many problems associated with poor
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performance of synthetic aggregate seal coats can be traced, in large
measure, to moisture present in the aggregate, degradation of the aggre-
gate during construction and in the first week of service and rainfall
during or within a 24-hour period after construction.

Certain design and construction techniques are recommended to redﬁce
some of these problems and thus increase the probability of constructing a
satisfactory surface. These items are summarized below,

1. Avoid construction if rainfgll is likely during construction or
within 24 hours thereafter.

2. Control traffic speed or preferably detour traffic around the
freshly sealed surface if rainfall is likely and construction must proceed.

3. Limit. lightweight aggregate usage to conditions such that a
sufficient bond will be established between the aggregate and asphalt prior
to allowing high speed traffic on the facility. Traffic control during and
for a short period after construction should be practiced to allow develop-
ment of adequate bond between the asphalt and stone,

4, Use pneumatic rellers.

5. Use a minimum of aggregate cover material. Excess aggre-
gate on the roadway which is not removed by brooming will degrade under
traffic and is a factor in dislodging loosely attached material.

6. Use maximum asphalt quantities to provide deeper embedment.
The use of harder asphalts is advised.

7. Avold the use of aggregate seal coats on high traffic volume roads

and in certain urban areas where traffic turning movements are expected.
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Sufficient information has not been developed to insure the successful
use of such material under these conditions.

8. Reduce the average particle size to improve the resistance
to degradation during construction and early service life. Dislodge~-
ment of the aggregate is also minimized.

9. Foliow the seal coat design method presented to establish
asphalt and aggregate quantities.

10. Re-evaluate the freeze-thaw test requirement for synthetic
aggregates utilized on seal coéts, as the currently specified values
appear too restrictive.

11. Claims of degradation of lightweight aggregate during trans-
porting and handling are not verified by data taken during this study.
However, aggregate sampling does present a definite problem. Care must
be exercised to assure the selection of representative samples, parti-

cularly for grading analysis.
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APPENDIX A

SYNTHETIC AGGREGATE SEAL COAT DESIGN METHOD

The design method described below is based on field experience gained
by representatives of the Texas Highway Department and the Texas Transpor-
tation Institute on synthetic aggregate seal coats since 1961l. The method
is based on Kearby's original research as modified by Benson and Gallaway.
Modification on the original design method includes changes in the relation~
ship between mat thickness and percent of embedment and correction for

traffic volume and existing surface condition.

LABORATORY TESTS

Dry Loose Unit Weight

The dry loose unit weight determination shall be made in accordance
with Tex-404A, except that the aggregate shall be tested in an oven-dry
condition.

Bulk Specific Gravity

The bulk specific gravity should be determined by the method given
in reference 32 as altered and contaiﬁed in Appendix B.
-Board Test

Place a sufficient quantity of aggregate on a board of known area such
that full coverage one stone in depth is obtained. One-half square yard
areas are convenlent laboratory size. The weight of the aggregates applied
in this area is obtaiﬁed and converted to the units 1bs. per-square yard.

Good lighting is recommended and care should be taken to place the aggregate
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only one stone in depth.
CALCULATIONS

The quantity of aggregate expressed in terms of square yards of road
surface per cubic yard of aggregate and the quantity of asphalt in gallons

‘ per square yard can be found as described below.

Aggregate Quantity

27W

S=—Q—‘

Asphalt Quantity

A= 5.61E( —__w__)(tr) +v

62.4G
where:
S = quantity of aggregate required, sq. yds. per cu. yd.
W = dry loose unit weight, 1lbs. per cu. ft.
Q = aggregate quantity determined from board test, lbs. per sq. yd.
A = asphalt quantity, gals./sq. yd.
E = embedment depth obtained from Figure A-1 as follows:

E = ed

where e = percent embedment (Figure A-1)
d

average mat depth, inches

1.33Q
W

G = dry bulk specific gravity of aggregate
T = traffic correction factor obtained from Table A-1

V = correction for surface condition obtained from Table A-2

Note: Asphalt quantities calculated by these methods are for asphalt
cement. Appropriate corrections should be made where utilizing

cutback and emulsion.
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SAMPLE CALCULATION

Given:

(W) Dry loose unit weight of aggregate = 52.4 lbs/cu. ft.
(G) Dry bulk specific gravity of aggregate = 1.57

(Q) Quantity of aggregate (board test) = 9.7 lbs/sq. yd.
Traffic = 700 vehicles per day per lane

Roadway Surface Condition = slightly pocked, porous, oxidized

Quantity of Aggregate

2.
S = ZSW = 27557 4) - 146 sq. yds. /cu. yd. (square yards of roadway

surface per 1 cubic yard
of aggregate)

Quantity of Asphalt

A = 5.61E (i - EE?ZEﬁ)(&\ + v

1.33Q _ 1.33(9.7)
W 52.4

[= 9
fl
[

= ,246 inches

e = 40 percent from Figure A-1
E==eed= .40(.246) = 0.0985 inches
T = 1.05 from Table A-1

V = +0.03 from Table A-2

) 52.4
A = 5.61 (0.0985) <§ SHTEE 57;)(i 05) + 0.03

A

0.30 gallons of asphalt per square yard of roadway surface

If an emulsion with 30 percent water was to be utilized the quantity
of emulsion would be

0.30

70 = 0.43 gallons of emulsion per square yard of roadway surface.
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Figure-A—l. Relation of percent embedment to average
mat thickness for determining quantity
of asphalt for lightweight aggregate seals,
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Table A-1:

ASPHALT APPLICATION RATE - CORRECTION DUE TO TRAFFIC

Traffic - Vehicles Per Day Per Lane
over 500 to 250 to 100 to Under
1,000 1,000 500 250 100
Traffic
Factor (T) 1.00 1.05 1.10 1.15 1.20
Table A-2: ASPHALT APPLICATION RATE CORRECTION DUE TO

EXISTING PAVEMENT SURFACE CONDITION

Description of Existing Surface Asphalt Quantity Correction
gal/sq. yd.

Flushed asphalt surface -0.06

Smooth, nonporous surface ~0.03

Slightly porous, slightly oxidized surface 0.00

Slightly pocked, porous, oxidized surface +0.03

Badly pocked, porous, oxidized surface +0.06
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APPENDIX B
TEST METHOD FOR DRY BULK SPECIFIC GRAVITY OF SYNTHETIC COARSE AGGREGATE
Scope. This method of test is intended for use in determining dry
bulk specific gravity of lightweight coarse aggregate.
Apparatus. The apparatus shall consist of the following:

(a) Balance--A balance having a capacity of 3 kilograms or more and
a sensitivity of 0.1 gram or less.

(b) Container--A glass small mouth quart Mason jar fitted with a
pycnometer cap.

Sample. A sample of sufficient size to yield approximately 400
grams after being oven dried shall be selected, by the method of quartering,
from the aggregate to be tested.

Procedure.

(a) The test shall be conducted at a temperature of 72 5%F,

(b) The sample..shall be dried in an oven at a temperature of
105°C for a minimum of 24 hours. The sample shall then be allowed to cool to
room temperature in a desiccator,

(c) The weight of the pycnometer jar and cap shall be determined
to the nearest 0.1 gram.

(d) The weight of the pycnometer completely filled with distilled
water shall be obtained to the nearest 0.1 gram. Match marks shall be used on
the jar and cap to insure that the same volume is obtained throughout the test.

(e) The dry sample shall be placed in the pycnometer and the

total weight determined to the nearest 0.1 gram.
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(f) The jar shall be filled with distilled water. The top shall
then be placed on the jar with the match mark coinciding and water added to
fill the jar and top completely, The pycnometer with sample and water shall
then be weighed to the nearest 0.1 gram, With a little practice, the first
weighing can be accomplished two minutes after the water is first introduced
into the container. Weighings shall then be made at intervals of 4, 6, 8, 10,
20, 30, 60, 90, and 120 minutes from the beginning of the test, taking care
to agitate the sample by rolling and shaking the jar and then add water as
required to return the water level to the reference level before each weighing
is made.

Calculations. A curve with time (to at least 10 minutes) as the
abscissa and weight of pycnometer plus sample plus water as the ordinate shall
be plotted on rectangular coordinate paper. This curve shall be extended back
to include zero time and the weight of pycnometer plus sample plus initial water
read from the curve, The dry bulk specific gravity shall be calculated by
dividing the oven dry weight of the sample by the bulk volume of the sample

determined at zero time.
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