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PREFACE

This is the first repotrt issued under Research Study 2¥6-71¥83,
nSynthetic_Aggregates for Seal Coats-~An Exploratory Stﬁdy." This_répoft pre-
sents a review of current Texas Highway Department design. and gonstruction
practices -together with.a'definition of the probléms aSSociated:with the

use of synthetic aggregate for:seal coats,
'DISCLAIMER
The'cbntents of this report reflect the views of the authors who are
_ responsible for the facts and the accuracy of the data presented herein..
Tﬁe,contents do not necessarily reflect the official views or policies of
the Federai-Highway.Administration. This report does not COnsfituteva.stan—

dard, specification or regulation.
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effoftsvexpehded on défining tﬁe current design ;nd~cons£ruction praétices
ufilize&Ain Texaé and for their.evaluafion of certain problems associatéd |

with the use of synthetic aggregate as coverstone for'seal’coats.

ii



ABSTRACT

Personal visits, questlonnaires and a review of availlable literature
were utilized to 1dentify current synthetic aggregate seal coat design and
construction practlces utilized by the Texas Highway Department. ‘Problems
assoclated with the performance of seal coats utilizing synthetie aggregates
for coverstone afe aefined. Poor performance essociated with wet aggregates
and degradation bf'aggregates is mainly reséonsible for poor results
observed'inrthe field. Suggested solutions to these problems are presented
inclﬁding: control of eggregate‘quantities, rolling practices, design for

traffic density, traffic control; and construction timiﬁg relative to existing

environmentel'conditions.
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SUMMARY

Information coliected froﬁ pefsonal QiSits to Texas HigﬁWgy Departmeﬁt-
district offices, field observations and detailed quéstioﬁnaires indigaté
that many probléms associated with poor performance of synthetic aggregate
seal coatsrcan be traced, in large measure, to moisture present in.aggregates'
Aand degradation ofrtﬁe aggregate during constfﬂction and iﬁ the first.weék,qf
sefvice,

Certain design and construction techniques can be utilized to reduce
some of these'préblems and thusiincrease the probability of constructing a
satisfactory surfacef These items aré summarized beiow:.

1. Avoid construction, if rainfall is likely during coﬁstructién ér
within 24vhours after conétruction. .

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

3. Limit lightweight aggregaté 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 dufing and for a short
period after construction éhould be practiced to éllow development of adeﬁuate
bond between the asphalt and stone,

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

5. Aggregate\quantitieé 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 faétor in dislodging loosely attached material.
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'6;,'The>possibility of using maximum asphalt quantities to provide
deepér embedmeht together wifh_thevuse'of harder asphalts shquid be con~
sidered. :

77 The‘ﬁse of synthetic.aggregate seal coats on high traffic volume
rbads and in éertain urban areas where traffic turning movements are ex-
pectEd should be discouraged until sufficient information has been developed
_to justify'the use of sﬁch material under these conditioné.

8. For an aggreéate of fixed quality, a reduction in fhe average
particle size improves the resistance to degrédation during construction

and early service life. Dislodgement of the aggregate is also minimized.



IMPLEMENTATION STATEMENT

Iﬁformation sgmmarized in this report indicates that alteratioﬁ of
'certain consiruétion techniques and design methods Wili offgf a beéter
opportunity for synthetic aggregate seal coats fo be placed suCCessfully;
Most of the suggested construction practices are ﬁtilized on é limited
basis throughou# the state, Increased awareﬁess and conformity to these
practices should increaSe,the frobébility of success of tﬁe cénstruction
préject. |
| VAd&itioﬁal.information to be collected during the remainder of this
project will afford fhe opportunity to mofe accurately define the iimits
under which these imprqved construction and design-practices,need to be

practiced..
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INTRODUCTION

The highway engineer is providhy'zisafer driving environment fér the
éublic by constructing skid resistant roadway sﬁrfages. Often, seal coats
Vutilizing synthetic aggtregate as coverstone are used for such surfaces.
Ho&e&ér, difficulties associated with materials, design, and construction
‘afe being experienéed. For example, the cover aggregate does not "stick“k
properly or the aggregate degrades during handling and on the job site
and/orrduring construction operations. Compoﬁnding the prﬁbiem, different
sources of synthétic 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 comstruction aﬁd maintenance
methods to provi&e skid resistant surfaces, the Texas Highway Department
initiated a study at the Texas Transportation Institute. The objective
of thé study was to develop design and construction guideliﬁés_for
synthetié aggregate seal coats, to include material quality coptrols 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 Depaftment 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.



Historical Review of Synthetic Aggregate Production in Texas

Two lightwe;ght aggregate plants began production shortl§ after re-
Stric;ing patents expired in April of 1946. These'plants were located at
Eastland and Strawn and wére owned by'TexasrLightheight Aggregate Company
‘and Featherlite, respectively. During 1947 two édditional planis were |
_ underrconstructién at Converse and Stafford. The Converse plant was owned
by a group of Austin businessmen who‘later sold to Feathérlite, while the
blantilocated at Stafford.became'part of the Téxas Industries system; A
plant located at Roseﬁbefg commenced production in 1949; however, fhis.pri-
vétely owned planprwas aﬁquired By Texas'Indgstries and their opefations
aeroéeﬁberg and Stafford were combined at the Stafford plant (1), -
| In 1954 Texas Industries constructed their Dallas Haydité plant,
Barfétt'Industries builf a small piant in San Antonio and a plant ﬁas built
at Ranger. Featherlite éubsequently‘purchased the Rangef plant and com-
bined their Strawn and Ranger productioﬁ facilities at Ranger.v therrplants
have been built at Waco and at a location between Corpus Christi and RobstoWn: 
‘(1) but were ﬁot utilized for extended periods of time. The ﬁewest light-
weight aggregate plant is located at Streetman, Texas and'itAwill be in full
Vproduction shortly.

In the past.few years plants have become bperatiOnal ét Beaumont and
near Wharton. Several groups are cﬁrrently interested in’locating,plants
in East Texas and West Texas. Thus, additionai aggregate supplies should
be available tovﬁeet thé'demands expected in the future.

Synthetic aggregate producers currently in operation and supplying
aggregates for use in seal coats and hot mix ésphalt concrete mixtures are
‘shown in Table 1. Plants located at Clodine, Dallas, Eastland, aﬁd Ranger

have supplied the majority of synthetic aggregates utilized in seél coats.
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Codes will be utilized to identify the aggregates in this report. These
codes are based on the code developed in a previous Texas Transportation
Institute Report (2). Thoseé aggregates utilized in this study are coded

A, B, D, H and K and are further described in Table 15.



TABLE 1

'.SYNTHETIC AGGREGATE PRODUCERS IN TEXAS

Producer ' Location of Plant ' Bfénd Name
'Feathérlite _ ' Converse » -  Featherlite
Featheriite ' Ranger 7 » Featheflite
TeXas Industries ': ' -+ Clodine E Haydite
Téxas Industries o VDallas ‘ ' rHaydité
Texas Indﬁstries V o Eastland ' Haydite

Waco AggregatevCo."H" Waco o | Eagleite
Bay Prairie Aggregate Corp. Lane City - BPAC
Trotti and Thompson _ A Beauﬁont | ‘

_ Superock,,lnc. | ' ' Streetman : ‘ ' Supefock )




Synthetic Aggregate Seal Coats

Synthetic aggregates have been used as coverstone in Texas since 1961
when a 9.8-mile double surface treatment section was plaéed in District 23
(Brownwood). In 1962 District 8 (Abilene) placed é seal coat sectioﬁ 1000
feet in length on Interstate 20 west of Abilene, while District 23 placed
an addifional 6.5 miies of double surface treatment. From 1962 to 1967
betweeﬁ 300 and 500 miles of synthetic seal coat were placed'annually‘
(Table 2). | |

In May of 1971 a questionnaire was sent to all District Engineers re-
queéting the mileage of synthetic aggregate seal coats placed iﬁ their
distriét; Replies from thié questionnaire were used as a basis for_fiel&
visitsrand subsequent location of trial sections. A summary of the data
obtained from thesé questionnaires can be found iﬁ Tables 3 and 4. As
noted On'thesé tables, nearly 3,300 miles of synthetic aggregate seal éoats.'
are lécated in 21 of the State's 25 districts. Over 200 miles of synthetié
aggregate seal coat have been placed in each of the following districts:
5 (Lubbock), 8 (Abilene), 17 (Bryan), 18 (Dallas), 23 (ErOanood), and
25 (Childress).

' Table 4 contains a summary of the sources of aggregates used for syn-
thetic aggregaté seal coats in Texas. The material from source A has been
utilized on‘more than 1800 miles of road.

Over 406 miles of synthetic aggregate sealrcoats were placed during
the summer_of 1971 in the following districts: 5 (Lubbqgk), 8 (Abilene),
9 (Waco), 13 (Yoakum), 17 (Bryan), 23 (Brownwood) and 25 (Childress). Thus,
a total of approximately 3600 miles of synthetic aggregate seal cbats or

approximately 5 percent of the total state highway system as of January



DISTRICT

TABLE 2

SUMMARY OF LIGHTWEIGHT AGGREGATE
SEALS AND SURFACE TREATMENTS
ON TEXAS HIGHWAYS TO JULY 1967

362.2°

- 2445

310.7

1961 - 1962 1963 1964 1965 1966 1967 TOTAL
1 (Paris) 5.1 - 96.4 12.2 o113.7
2 (Fort Worth) 164.5 15.5 ' 18.5 198.5
3 (Wichita Falls) 10.0 98.0 60.7 168.7
4 (Amarillo) 15.9 1.9 2.4 20.2
" 8 (abilene) 0.5 14.0 101.0 131.3 246.8
10 (Tyler) ' 22.3 22.3
11 (Lufkin) 26.7 4.3 3.8 74.8 109.6
18 (Dallas) | 149.4 194.7 | 109.1 o 453.2
23 (Brownwood) 9.8 6.5 94.9 29.9 40.3 10.9 42.8 235.1
25 (Childress) 31.2 16.2 . 68.0 124.5 151.8 391.7
TOTAL 9.8 7.0 476.7 548.9

1959.8




1972 has a synthetic aggregate seal coat surface. It would not be unreason-
able to estimaté that 8 to 10 percent of pavement in Texas wiil be sur-
faced with mixtures containing synthetic aggregates by the end of the con-
struction season in 1975.

Iﬁcreaéed use of sjnthetic aggregates for coverstone in seal coat
operations is predicated'ﬁy field acceptance which is based on field per-
formance. 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 watef and reducing the brittleness of the underlying layer of bituminous
material; but, when lightweight aggregates are used_théy provide a high skid
resistant surface, provide good color contrast which improves visibility in
daylight and at night, prévide a éurface on which paint‘sfriping maintenance
is reduced, and practically eliminate glgss damage caused by flying stones.

High iﬁitiél skid resisfance and prolonged skid resistance can be.
obtained with synthetic aggregate seal cqats under moderaté traffic. Typ-
ical skid numbers (coefficients of friction) for synthetic aggregate pavements
are shown in Table 5. Figure 1 illustrates the mgaéured skid number as a
fuqction of traffic and age under high traffic. In general, thé skid numbers
as measured by the Texas Highway Department skid trailef are above 50 (measured
at 40 mph) for almost all synthetic aggregate seal coats. However, under

'hea§y traffic a decrease in skid number may be expectéd due to exceésive
abrasién, loss of coverstone of bleeding. A typical curve illustrating thé
pavemenf friction versus traffic for a synthetic aggregate hot mix is shown
in Figure é. Comparison of these two curves indicates that from a skid
resistance standpoint under high volumes of traffic, hot mix overlays should

prove more beneficial than seal coats.
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Delineation of the fravelvlane is important for night dfiving es—,‘
pecially during periods qf limited viéibility; Synthetic aggregate |
séal coats and especialiy fhose conétructed with aggregates from-séurces
A or D produce an initial and 1ongvlasting dark color which contrasts with
lighter colored shoulders. Other types of seal coat aggregéteé provide
initial color contrast of limited dqfation. Contrast between the white
or yellow painted traffic marking and the darker suffaées with S§nthetic aggfeéA
gate seal coats is also.of beﬁefif.to the driver. |

Evidenge.exists which indicates that traffic paint adheres to aqd pro-
videé aslonger 1astiﬁg'£faffic stripe on synthetic aggregate"éeal coats as
opposedito natural aggregate seal coats.

.Glass’aﬁd paint damage due tb flying stones is a pfoblem which éxiéts
on the highway under certain»conditions'(7, 8). Definitivé eVidenée'existS
which proves thatvwindshield’damage and paint damage is significantly,
reduced or eliminated b&ithe usé of synthetic aggrégaﬁes (Figpre 3).

The advantages of ufilizing synthetic aggrégates has léd to its accept;
ance in many districts. Reduction éf windshield damage and the high frictioﬁ.
obtained are recognized as the primary advantages resulting from the use of
synthetic aggrégatés. However, certain difficultiesvhave been éxpefiénced
with design, coﬁétructipn'and materials specifications during synthetic
aggregate seal coat construction. Reasons for these difficulties are
briefly outlined in Figure 4 and will be more fully diséussed‘later in the

report in terms of materials properties and field experience.
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EXPERIENCE WITH SYNTHETIC AGGREGATE SEAL COATS

Sinée the first use of synthetic aggregates as coveréfoﬁe’in Téxas in’
1961; certain deéign,:construction:and material difficulties.have béen
encountered. - Ihese difficdlties were not unexpected asrthe utiiizafidn :
of new specialiie&vmaterials is often accompénied by certain'prdblemsf_

As designers, specification writers énd construction crewsbbecame more
familiar with'the_berformance of fhese specialized materials under a vari-
ety of éonditions; many of these difficulties have been reduced.

In an attempt to more accurately define_the factors affecting the per—r
forméncevof synthetic.aggregate éeai éoats, several cooperative'meetings
have been held between Texas Highway Department personnel and the researchers.
Reéﬁlts of two suéﬁ meetiﬁgs held in October 1968 aﬁd‘January 1969 (10)
together wifh rééuitsjof Texas Highway.Department—Texas Transportation
Insﬁitute Research Project Number 2-14-63-51 on the "Use of LightWeighf
Aggregates" (2, 7, 8, 11) served as ekcellent background data'for the pre-
sent study.

Realizing that additional detailed information would be necessary to
successfully accomplish the objectives of this'study, visits were made to.
twelve Texas Highway Départment District Offices by Texas Transportation Insti-
tute.and Texas Highway Department central office personnel., These meetings to-
gether with Quesfionnaireé were used to define currehtrdistrict synthetic
aggregate seal coat pfactices and to define problems associated with the

use of these special materials.
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TABLE 3
- SUMMARY OF LIGHTWEIGHT SEAL COAT QUESTIONNAIRE*
- MILES PLACED.
by aggregate "

District o District ‘Aggregate type to.
. Number _ Headquarters. , Source - May 1971 Total

1 ,  Paris. ‘15.2 100.6

w >

2 . . Ft. Worth

o

183 204 -

3 ' Wichita Falls - 167.5

14.5

T W
o}
w

4 - Amarillo

o e
v
o

64

5 ' Lubbock

jangi

s
N
;]
B~

6.1 - - 398.5

6 - _ 1 7 Odessa ~ o o : None

. 36 o 49

7 ’ V San Angelo
o 13

w b

'8 bilene | A 232 301

o _ Waco A 58 58

10 o Tyler ' A 43 58.4
11 -2 .'. Z'qukin , A o 89 o 120

12 _7,-_;: Héuston . H 25,44 i 25

33

o
w
L

3 " Yoakum

14 R CAustin - .
' 53.9

fxlw i g
N O~
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TABLE 3 (Continued)

District

'MILES PLACED

by aggregate

District 7 Aggregate type to
Number Headquarters Source May 1971 Total
i5 San Antonio ANone
16 1Corpus‘ChriSti None
17 . Bryan - A - 64 441
: D 377
H
18 ' Dallas A 108 406
' D- 45 ;
B 253
19 Atlanta A 4.7 10.6
. 5.9
20 Beaumont A 3.8 5.6
S H. 1.8
21 Pharr A 2.0 2
22 Del Rio None
23 Brownwood A 208 208
24 El Paso None
25 Childress A 275 557
: D 282

* Survey taken:May, 1971, indicates response Qf District Engineers.
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TABLE 4

SUMMARY OF LIGHTWEIGHT SEAL COAT QUESTIONNAIRE*

l.vAggregaté Soﬁrcéé S 77  ,MileageAin Plééé
| A  'f.1‘_A' ._:. S 1B23.8
B SO 71,7, ' s
D = "': T

 Total - 3263.5

% Survey tékéh Méy; 1971, indicates response of District Engineers,
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TABLE 5

COEFFICIENT OF FRICTION FOR SYNTHETIC AGGREGATE SURFACES

Type of Age After Average Daily Coefficient
State Facility Construction . Traffic of Frictiom Measuring Device Reference
Surface 0 _— 0.65 R
Alabama Treatment 4 mo. - 0.65 Decelerometer
‘ Method "Eiland (3)
0 -— - 40-55% Two Locked-
4 mo. —— 44-58% ‘Wheel Skid
Louisgiana’ Hot-Mix 8 mo. - 45-63% Trailer . R Arena : (&)
Overlay 12 mo. — 50-64% (ASTM E~274~69) .- .
Hot-Mix Stq?ping Distance
Virginia Overlay 2 years — 45-54%% Vehicle Dillard (5) .
‘ _ Bureau of Public Rdads
Wyoming Seal Coat 4 ‘years 965 0, 63%%% . Skid Trailer . Mills (6)
: : ' * (ASTM E-274-69)
g Locked Wheel
Texas Seal Coat 5 years 100 0.63 . Texas Skid Trailer
‘ FM 416 ' (ASTM E-274-69).
Texas Seal Coat 5 years 300 -0.65 Texas Skid Trailer
™ 2452 (ASTM E-274-69)
Texas " Seal Coat 1 year 18,200 0.52 Texas Skid Trailef‘
‘ ’ (ASTM E-274-69)
Hot-Mix : o
Texas Overlay 1 year 700 0.55 Texas Skid Trailer
Open-graded . (ASTM E-274-69)
. Hot-Mix : . A .
Texas -~ Overlay 1 year 700 " Texas ‘Skid Trailer

Open-~graded

0.58

- (ASTM E-274-69)

*Range of eight test sectioms.
**Range of three test sections.

***Scoria - a natural lightweight material although described as burned shale by the author.



Current District Construction and Design Practicgs

Districts visited ingluaed Districts é (Ft. Worth), 3 (Wichita Falls),
5 (Lubbock), 7 (San Angelo), 8 (Abileﬁe), 9 (Waco), 11 (Lufkin), 17'(nyaﬁ),
187(Dallas), 23 (Brownwood), and 25 (Cbildress). Results from these visits
and questionnairés.submittéd by ceftéih-of these districts are summarized
in Tables 6 toAiZ._»

As shoﬁnvin'Tablesré and 7;the most commoply ﬁsed design method for-
vseal coats is a modifiéation of the Kearby Method (12). EXperience, tégethéri
with field altefati§ns of design'quantitieé, are the predominént méthodsAdf-r
éstéﬁlishing aéphalt an& aggregateIQuantities.

Asphalt cements utilized iﬁclude AC-5 and AC-10 as described by the
- Texas Highway Depaftment~specifications (Tagles 6 and 7). These asphalts
’tjpically have pénetratibns in thé range 85 to 150, Emulsibns of tﬁe high'
viscqsity rapid setting.type have beeh'used in certain districts. bDistricts
© 9 ‘(Waco) and 14 (Austin) have utilizedremuléion on heavily traveled roads;
~ Additives such as siliéoné and rubber'have been used on a limifed basis in -
both asphalt éementsrandvemulsified asphalts. Additional use of "¥ubber-
‘izéd" asphalt cemén#s iSAéxpected in'Districf 5 (Lﬁbbock),during'ﬁhe 1972
construction season.

The quantityrbf asphalt utilized for these seal coats varies from
district to diétrict, but an application rate of O.3b galloﬁsrper squaré
yard is a represéntative'avérage value for Grade 4 aggrégate. Differeﬁces
in condition of the.pavemeht upon which the seal is to be‘pl;ced,'traffic
' Qolume, aggrégaté gfa&ations, aﬁd asphalt characteristicévaré in part fe—
sponsible for the vgriatibns in aSphalt duahtitieé utilizéd.

Gradation of aggfégates utilized has varied. Texas Highway Department
Grades 3, 4, ahd»S:ﬁave‘bEEn utiiized; howéﬁer, Grade 4'éggregate now is

18



TABLE 6

SIMMARY OF TERSONAL FLELD VISTES-—APRIL, MAY( 1071

Brooni

Design Method Asphalt Tvpe & Apgrepate Grading Aupregaie Problems Type of Traffic Additives Miscella~-
Application & Application Rolling Contrgl After in Asphalt neous
Rates Rates N Compaction
Yot ured 0.35 gal/vd = ‘Use ‘modified 6r,4 Apgrégate degrades pneumatic Allow No brooming Polymerized Some prob-
field control special precoat 1:120 - during transporta- traffic asphalt ) lems with
exefcised 0.32 gal.yd = tion after ' good results aggregates
5 (Lubbock) lightweight Other 1:140 (Iwt.) rolling rubber -
0.30 if bleeding 1961
AC-5 DA 175,230
N (Maint.)
Eearby Method AC-5 cool weather Gr.h4 1:90 Meisture retention pneumatic Excess Sueep off Silicone DC- April-Oct.
plus experience AC-10 hot weather Gr.5 1:100 Dust problems roller aggregate excess 200  Rubber 1.seal
% (Abflene) emulsion {maint- Higher temperatute Transport coatamipa- only . removed wl emulsion coat séa-~
enance) L us¢ higher aggre~ tion before inereéase as-— son
0.35 gal/ydz = gate spread rate allowing’ phalt cost Heated ag- .
regular . 1:115 morning traffic 10¢/gallion -gregate
6,31 Interstate 1:125 evening S ’ o iged -(.50=
) : .75 pley)
~use plen-
ty asphalt
to insure
- crdack seal
Kearby Method AC-5, HVRS in Grade 4 lightweight Wet stockpile . preumatic Rubber but Should
. for aggregate future 1:115 " Excessive tire wear . : not récent have. spec
quantity & 1:125 on one FM to vary
Hanson Method distribu-
-none used for tion
asphalt quantity across
23 (Browvnwood) _ travel
. Llane
Experience Cosden asphglt Grade 4 1:105 Pifficult: to meet Steel 6 Broom of f Some rubbier Tire pres-
7 USan Angelo) .28 pal/vd~ erading specifi- whedl & excess asphali sure may
main roads ations | pnduwat le bhe Aimpor-
0.50-0.42 - FM rollers tant--Like
used triple
courses—-
Experience AC-5 or AC-10 1:140 maintenance rtilizéed. excessive pneumatic Hold speed Emulsions
11 (Lufkin) MC or RC2 primer 1:120 new constr. apgregate on . ‘to 30 mph will be
+ Gr.5 then Agg. . certain projects with used
seal for FM Gr.3 requires more tickets
emulsfons asphalt. Problems .
0.2-0.25-Gr.4 with 'aggregates.
adjust for road Excess dust. Wet
conditions - stockpile
RC-5 for surface
course of two
course seal
Kearby Methed AC-10 1:125 AM All traffic April I-
bt don't use 0.25-0.27 gal/)’d2 Gr.4 Water in stockpile pneumatic soon’ -as Oct. 1
results gpecifi- RC=5 & RC-2 asphalt Construc—
cally (experience) Maint. no covered up tion
18 (ballas) emylsions season
No get design AC-5 Ranger 1:110 bust not-a problem Steel No brooming Equal per-
procedure 0.3¢ gal/sq.vd. T gr.4 wheel formance
25 (Childress) 1 pass Gravel
pneumatic strips
easier
than light ~
weight
Kearby Method AC-5 .28 gal/ 1:130 most common Some crushing preumatic Traffic No brooming No emulsions May 15~
3 (Wichita Ffalls) sq.vd,for 1:120 design moisture & tempera- off until or rubbér ‘Oct.Const.
synthetics 1:90 hard rock ture a problem rolling - Don't vary
.34 pal.yd” for some crushing rain up to 2 days finished across
hard roék lightweight Gr.4 after placing has roadway
1:120-1:130 created prohlems ~some
compared-no - bleeding
difference noted from_below
Design based on AC-10, AC-5 cr.4 Ne wet aggrogate poeumat ic Traffic May 1-
judgement problems ‘off until tet. 1,
- 2 (Jacksboro) after -first Conut. sei
compatt lon Aon,
Experience AC-5, AC-10, 135 1:115 Gé.b Wet stockpile preumacic No special . Broom off May 1-
2 (Fort Worth) pen . traffic in morning Oect. 1
.28 gal/sq.vd vontrol when asphalt Congt,Beal
) is cold btwn.over—
lays
Kearby Method HVRS p Gr:4 1:120 No problems wet Light - Keep -~ Broom off No rubber * Rain &
originally but 0.35 gal/yd2 aggregate in pneumatic traffic excess next cold
now use 135  0.40-0.42 merning . off 3-5 day weather
experdience emulsion or AC Some ‘dust-not as hours give
9 (Waco) -02 diff,outside much as limestone trouble
lane Difficult to sample’ Skid no.-
once a
year
Shoot -
‘emulsions
at high
pressure
Elliptical
- nozzles
Modified Kearby . Emulsion Dusting and some pneumatic No attempt  No brooming Special
Method ‘degradation with to reduce end noz-
17 {Bryan) aggregate H speed zle light-
. weight &
emulsion
better
than pre- ~
coat and
AG
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LIGHIWEIGHT SEAL COAT CONSTRUCTION .

TABLE 7

MATERIAL QUANTITIES

Asphalt

Aggregate

20

Secfion Quantity Quantity Spread Quantity Asphalt
.Designation Determination ~ gal/sq. yd.  cu. yd./ sq. yd. Type Producer
5L7a1 Experience 0.320 1:110 AC-5 01
L 5e7e2 Experience - 0.339 1:110 AC-5 01
5-7-3 Experience 0.299 - 1:117 EA-HVRS - 01
574 Experience 0.351 1:110 AC-5 01
. 5-9-1 Experience 0.348 1:110 AC-5 01
5-9-2 Experience . 0.350 T i:110 AC-5 o1
7-9-1 0.30 outside - 1:105 "AC-10 01
7 -0.28 inside’
] . ' Experience ‘ | .
9-9-1 ‘& test section 0.40 1:125 EA-HVRS 22
© 9-8-1 Experience ~ . 0.382- 1:120 EA-HVRS 22
R & District Design ’ o '
Procedureﬂ
T9-7-1 Experience & 0.278 1:131 AC-10 03
Kearby - o '
g-11-1 Experience & 0.425 1:120 EA-HVRS 22
' ‘District Design ' '
Procedure
S 17-8-1 Experience 0,25 1:130 AC~10 18
17-9-1 District Design 0.31 1:116 AC=10 06
: Procedure '
17-11-1 District Design  0:414 1:119 EA-HVRS 22
Procedure )
18-9-1 Experience 0.28 1:125 AC-10 01
18-9-2 Experience 0.29 1:125 AC-10 17
18-8-1 Experience 10.30 1:125 AC-10 03
19-6-1 Experience 0.25 1:130 AC-10 03



TABLE 7V(Continued)

Asphalt Aggregate

Section Quantity Quantity ) Spread Quantity Asphalt
Designation Determination _.gal/sq. yd.  cu. yd./ sq. yd. Type Producer
23-11-1 Experience 10.30 1:117 AC-5 01
23-7-1 Experience 0.28 1:115 AC-10 07
23-5-1 Experience 0.35 ' C1:115 0A-135 07
23-3-1 Experience 0.26 1:100 0A-135 07
25-10-1 Experience 0.30 16 1bs/sq. yd. AC-5 01

21



. usgdvalmostvexcluSively. Modifications of certain grades have been qsed
on a limited basis. A summary of the variouabgradatioas and gradation.
limits that have been utilized are shown in Table 8 and 13.

Aggregate application rates as reported bv the various distriets‘
ranged from:1:90-to 1:140%,  An average value of about 1l:115%% was:indicated .
for a Grade 4 aggregate (Tables 6 and 7). |

A summary of dlstrlct rolllng operatlons can be found in Tables 9 and
1 10, Pneumat1c tired rollers have been used extensively, however, a llght
steel wheel roller was utilized in one district to seat the rock in the
asphalt Crushing of the aggrenate may result if heavv steel wheel
jrollers are utlllzed or multlple passes of light steel wheel rollers are
utilized. Thus for normal oPeratlons, steel Wheel rollers arelnotr. |
recommended. |

Reﬁoval of excess aggregate by Brooming is utilized in some distriets;
however, about half of the districts visited avoid this operation.

Control;of traffic speed for a orescribed perlod of time after‘construction
is not the usual state practice; however, some districts follow this poliéy;
'Trafflc is usually kept of £ of the nerytsealed surface until rollinguis?
Acomplete.' | | |

Types of aggregate spreading equlpment and asphalt dlstrlbutlon equ1p~
meat utilized by several d1strlcts is given in ‘Table 10. Control of aggregate
and asphalt quantities is usually controlled by staklng rock lands and
establishing a fixed setting on the spreader box for a certain speed while

spreading a known amount of aggregate. Strappingrof the asphalt distributor

*Ratio of loose cubic yards of material to the area the material will cover
on the roadway surface measured in square yards. _
**%Laboratory tests indicate an idealized value of about 1:140. Quantities
greater than 1:130 are considered detrimental to good design and wasteful
of material.
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.- LIGHIWEIGHT SEAL COAT CONSTRUCTION

Unit Weight

TABLE 8

" AGGREGATE DATA

Sieve Analysis, Percent Retained

Section Aggregate  THD (loose, dry)
Designation Code Type & Grade pounds/cubic foot 5/8 inch 1/2 inch '3/8 inch No. 4 No. 10
' of Aggregate .
5-7-1 H TyF, Gr. Sp. 49,98
45.04 0
5-7-2 A TyF, Gr. Sp. 50.0 0 0 40.7 93.8 98.9
5-7-3 A TyF, Gr. & 50.0 0 0 33 99 99
5-7-4 A TyF, Gr. Sp.
5-9-1 A TyF, Gr. Sp. 46.65
5-9-2 A TyF, Gr. Sp.  46.65
7-9-1 D TyF, Gr. 4 0 0 5.9 64.0 98.6
0 3.6 69.6 98.6
9-9-1 A TyF, Gr. 5 49,01 0 1.3 21.7 95.3 98,3
9-8-1 A . TyF, Gr. 4 49,77 0 0.6 19.0 92.5 98.6
50,27 .
9-7-1 ¢ TyF, Gr. 4 42.6 0 13.2 85.9 99.3
20.0 99.2 97.1
9-11-1 A TyF, Gr. 4 48,41 0 0.7 32.3 98.1 99.4
17-8-1 H TyF, Gr. 5
17-9-1 H TyF, Gr. 4 Med. 47.34 25 96 99
17-11-1 A TyF, Gr. & 52,39 0 1 33 98 99
18-9-1 B TyF, Gr. 4 38.02 0 0.5 39.2 98.9 99.7
18-9-2 B TyF, Gr. 4 38.02 0 0.5 39,2 98.9 99.7
18-8-1 D TyF, Gr. 4 50.54 0 0 15.9 89.2 97.1
19-6-1 - A TyF, Gr. & 49.2 0 0 17.3 88.8 98.5
23-11-1 A TyF, Gr. & med. 47.6 0 1.5 28 96 99,7
52.2 ,
23-7-1 A TyF, Gr. & 50 0 25 92 99



K&

_TABLE 8 (Continued)

. - S -Unit Weight " Sieve Analy.s'i's, Percent Retained ‘
Section Aggregate  THD . (loose, dry) e ‘ - L
Designation Code Type & Grade pounds/cubic foot '5/8 inch 1/2 .inch 3/8 inch No. 4 ‘No. 10
23-5-1 A . TyF, Gr. 4 - 51.7 0 . ; 0 13.2 90.0 . . 98.8
23-3-1 A TyF,; Gr. & 0 0 17, 90 _ " 98,5
25-10-1 A TyF, Gr. 4 0 1 © 29 96 100




TABLE 9

ROLLING OPERATIONS
LIGHTWEIGHT SEAL COAT CONSTRUCTION

Roller Tire Pressure Number Problems with

Section Roller Type . Weight (tons) (psi) of Passes rolling operation
5-7-1 Pneumatic 4.5 - ©12-16 None
5-7-2 Pneumatic 4.5 - ) 12~16 None
5-7-3 Preumatic C 45 . 10-12 None
5-7=4 : Pqeuﬁatic 4.75 & 8.75 C 12-16 None
5-9-~-1 Pneumatiq 5 & 10 12-16 None.
5-9-2 = Pneumatic 5810 . 12-16 None
C7-9-1 ~Light Pneumatic
9-9-1 Pneumatic - 50 . 6
9-8-1 Pneumatic 50 A . 6
9-7-1 Pneumatic A : None
9-11-1 ~  Pneumatic ‘ 50 6 At 92-95° rock
: turns over, no
buildup though
17-8-1 Pneumatic A 5
17-9-1 Pneumafic 5 ’ 5
17-11-1 Pneumatic v ' 5
-18-9-1 Light Pheumatic 4.25<5,5 45-50 3.1 hrs/mi.
18-9-2 " Light Pneumatic A 4,7 hrs/mi.
18-8~1 Light Pneumatic' “4.25-5.5 45-50 5.2 hrs/mi. None
19-6-1 Light Pneumatic 4.25-5.5 95-50 4.4hrs/mi.
23-11-1 Light Pneumatic - 2000 sy/hr None
23-7-1 Flat wheel
Pneumatic
23-5-1 . Lighf fneumapic
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~ _TABLE 9. (Continued)

' : : Rolley Tire Pressure Number - Problems with
Section Roller Type = - Weight ‘(t;;ms) S Aps1) . .of Passes  rolling operation
23-3-1- . Flat wheel '_' S . 1lor 2
: -Light Pneumatic : - . E
25-10-1 Flat wheel R S S
Med. Pneumatic e _ 4o None’

26



Le

TABLE 10

CONSTRUCTION DATA
LIGHIWEIGHT SEAL-COAT CONSTRUCTION

Aggregate Aggregate Asphalt Asphalt Spray Asphalt Problems
: Spreading Quantity Distribution Quantity Nozzle Spraying Spraying Temperature Spraying &
Section Equipment Control -Equipment Control Overlap Pressure °F . Spreading
5-7-1 Flaherty Experience & Etnyre Pressure As directed by 1
Spreadmaster Visual Distributor Engineer Triple Unknown 350 None -
5=~7-2 Flaherty Experience & Etnyre Pressure As directed by
Spreadmaster Visual Distributor Engineer Triple Unknown 350 None
5-7-3 ' Flaherty- ‘Experience & Etnyre Pressure As directed by
Spreadmaster Visual Distributor Engineer Triple Unknown 140 None
5-7-4 Flaherty Experience & Etnyre Pressure As directed by
Spreadmaster Visual Distributor Engineer Triple Unknown 340 None
5-9-1 Flaherty Experience & Etnyre Pressure As directed by ‘ .
Spreadmaster Visual Distributor Engineer Triple Unknown- 340 None
5-9-2 Flaherty 'Experience & Etnyre Pressure As directed by
Spreadmaster Visual Distributor Engineer Triple Unknown 340 None
7-9-1
9~9-1 Flaherty Power Staking rock Etnyre Model Gallons per 12 psi/ft.
Spreader lands B~-TR measured land Double bar 160
9-8-1 Flaherty Power Staking rock Etnyre Model Gallons perb . 15 psi/ft.
Spreader lands FK 400 measured land Double bar 145
9-7-1 Flaherty Self- Calibrate . Manufactur- 10 psi/ft. Spreader ex-
propelled Spreader box~ Etnyre er's charts Double bar 350 haust dis-
strike-off- places aggre-
trucks gate
9-11-1 Flaherty ?cwer Calibrate lZ'psi/ft.
Spreader Spreader box- Etnyre Model Strapping Double bar 150-155
strike-off B~-TR .
trucks :
17~-8-1 Flaherty Self- Land distance Tachometer
propelled - measured vol- Etnyre & Pressure 350 None
: umes - Pump
17-9-1 Falherty Self- Land distance Etnyre Model Tachometer &
propelled measured vol- B-TR Pressure Double 350 None
(Model X) umes Pump
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TABLE 10 (Continued)

Aggregate ' Aggregate Asphalt Asphalt Spray B ‘ Asphalt o Problems
‘Spreading Quantity Distribution " Quantity Nozzle Spraying Spraying Temperature Spraving &
Section Equipment Control Equipment Control Overlap Pressure °F Spreading
17-11-1 Flaherty Self~ Land Distance & : ‘Tachométer &. o
: . propelled. measured vol- Etnyre Pressure Pump Double 160 None
' umes ' o ’
18-9-1 - ' Falherty Self- Caiibrated'box - “ Orifice size, Triple 320-340 “Delay om as-
~ propelled opening & ". Etnyre FX 400 temperature, g e phalt arrival
. (Model K) speed style D spray pressure, -
. - distributor
speed
18-9-2 '_E;nyre Calibrated box :
Spreader opening & Etnyre ‘Triple 340
speed : :
18-8-1 . Flaherty Calibrated box L Orifice size,  Triple" 350 28 foot road
| . g - Etnyre FX 400 ; N
i . Spread Master opening & i temperature, 3 passes, spread
: Style D : o ST o
(K) speed . ! gpray pressure, er :
S . © distributor ’
speed .
19-6-1 - Flaherty Spread Calibrated box  Etnyre FX 400 Orifice size,  Triple 320-375 Time loss at
Co Master (R) opening & . Style D - temperature, : : : * intersection
speed spray pressure,’ :
distributor
speed
23-11-1 Self~- " Lands ‘ Gallons/ Triple & : E
o propelled spread rate Etnyre ‘area’ Quadruple 350 None
23-7-1 Self- Lands Sprgad _Etnyfe’FX 400 Gallons/ Triple & Higher than B
: propelled rate area Quadruple -~ manufacturey - 350 None
. : _recommends
23-5-1 Self- Lands : o Gallons/ 1 . Spreader: box
L . osropelled spread .rate Etdyre FX 700 .area Triple 340 down- one hour
T23=31 Self~ Lands Spread Etnyre FX 400 Gallons/ Triple Higher than 376 .None
propelled. rate ‘ Style D area recommended
L 2510-1 Self- Rock lands Etnyre Strap Triple 20 psi 325 None
: propelled single . ‘ ‘ :




TABLE 11
SECTION DATA

LIGHTWEIGHT SEAL COAT CONSTRUCTION

Saction Vehicles per = Percent Number of Number hours Traffic

Day - Trucks Lanes after spraying Speed Control

‘ traffic or road
] ) ) ) again ‘ )
5-7-1 15,370 | 4 &6 1 None
5-7-2 5800-9080 , 2 & 4 S S ' None
5-7-3 4400 & 24-28 | None
5-7-4 1790 T 1 | None
5-9-1 2150 2 ' 1 None
5-9-2 2450 o I None
7-9-1 30004700 : 4(divided) o .
9-9-1 15,000 13 s 155  Noné
9-8-1 14,000 17 4 | 5 None
9-7-1 530-660 | 2 o1 None
9-11-1 10,000 13 4 2-5 None
17-8-1 6100 2 1 : 2 hours speed
. control

17-9-1 280-1310 2 1 None
17-11-1 3700 - 2 & 4 2 None

18-9-1 ' 266 , ' 2 Soon as cover- - None
' : stone spread

18-9-2 610 : ) 2 ' Soon as cover- None
stone spread

18-8-1 247. E A 2 : Soon as cover- : None
' stone spread

19-6-1 1388 - _ | 2 _ Soon as cover- None
stone spread

23-11-1 300 2 L _ None

23-7-1 1000 , 2 Y - None

23?5;1 100 10 2 Y None

23-3-1 1000 | 2 i None
 25%10~1 1740 ‘10 2 2 , ‘None
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" - LIGHTWEIGHT SEAL COAT PERFORMANCE

Loss -of Coverstone

. TABLE 12

Biéeding

" Crushing of

i Cause of Distress °

30

Control 'bate 3 1€ 3 : } -
- Number’ o Performance .Percent Surface Percent Surface Aggregate
' : . Ry Area’ Area S -
5-7-1 1967 Poor U s1ick surface - Extensive - - Aggregate Under- .
o K ST ’ L ) : fired - '
5=7+2 1967 Good 1.0 None Small: amount —
i - : or inter-
section
5-7-3 1967 Poor = - -— " Emulsion did not
- ’ stick o
5-7—4 1967 Good ) Very ‘little - Noné ‘Small amount e
R T N R or inter-
section
5-9-1 1969 Fskcellent Norie None — —
5-9-2 1969 Good "for 30 Tg5-90 - © 90 i " Contamifated
o : hts. then s ) asphalt”
poor c T
7-9-1 1969 © Poor Large émdunt —— Some dﬁstv " Possibily. wet
i - : T B cloud - stockpile
9=9-1 1969 Good | ——= ——— "None - Rain on gmuision
' : ) ’ flushing around
Laggregate
. 9-8-1 1968 Good — . - None Rainéd 2 houts
: ’ after shogting
"~ reshot with no
. problens
9-7-1 1967 Good Negligible Negligible ‘Note None
9=11-1- 1971 " Good <10 . Nome - Notie None
17=8=1 1968 Poot 75 50 Some ° Excessivé dust -
o . E ~from aggregate
' ‘crushing
17-9-1 1969 ‘Good -— - Small amount. -  Dusty-some ag-
: . : gregate. doesn't
stick
17-11-1 ‘1971 Good 5 25 None - High traffic &

: ' turning causes
bleeding in - city
area

18-9-1 1969 " Good " Negligible except Negligible except - Some but no ; Traffic allowed
- : - in curve wheel in curve wheel damage hefore aggregate
paths paths ™’ . honded to asphalt-
. : . loss of doverstone
18-9-2 1969 Poor 70=-80 chstivo, Nephigible Rerlo uf!;r éggruunlﬁ
. s ' spredd-no bond
18-8-1 1968 Good "Negligible <1.0 Some but no - o=
’ o N : damage to .
_ roadway
18-6-1 1966 Good Négligible Negligible Negligible - ——
23:11-1 1971 Excellent None Noné - Slight _—
23—7—1_‘ 1967 Excellent None None . Slight None
2325-1 1965 Excellent’ - —- - -—
23-3-1 163 Excellent None None Stight None
25;10—1 c1970 - Poot. 30 :25' None - Rain during comstruc=

tion operations
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TABLE 13

SYNTHETIC AGGREGATE COVERSTONE‘GRADING‘SPECIFICATIONS

1972 THD 1965 THD District  District
‘ _ Specifications (1) . Specifications (2) ‘ 5 . , 8_
Sieve, Grade 3 Grade & - Grade 5 Grade 3 Grade 4 Grade 5 Grade 4 Special (3) .
Size . . ' : Special
3/4 inch 0 0
5/8 inch 0-5 o 0-2 0 0
1/2 inch 30-50 0-5 0 5-20 0-2 0 0-2 0
3/8 inch " 85-100 20-40 0-2 5-25 0-2 30-60 20-4
No. 4 95-1600 95-100 60-80 8§5-100 " 85-1Nn0 40~-85 . 90-100 904100'
No. 10 98-100 98-100 98-100 98-100 1 98-100 ‘98—100 .98-100

(1) First published as THD Special Specification Item 1989 in 1969,

(2) First published about 1965 as THD Special Specification Item 1269.

(3) This gradation has been utilized on limited projects.



before and after each asphalt: shot. is the usual method of determlnlng
the quantlty of asphalt. Representatlve asphalt spraying temperatures,

spraylng-pressure, and nozzle,overlap are-also,glven 1n:Table 10. -

Prohlems Associatedeith Synthetie Aggte&ete Seal Coats

Each material utiliéed on,highwafvconstruction hss its-oﬁh assoeiate&
problems.r Synthetic aggregates are no:different ih this respect. The
intfodoetionAOf'a'new matefial'requires time. The fact that synthetic aggre—:
gates have been used in seal coats on.a limited basis for about ten years
indicates thst all problems assoeiated ﬁith design, construction, and the
matefiel_have not been solved. lAnothef pfimaryjfaetotvis'the limited avail-"
ability of this material.

Questionnaires utilized to colleetvdats regarding existing diStricts‘
practices were also used to identifyAptOblems associated with'synthetic
aggtegate seal ooats.v Sevefal,diStricts.wete.ashed to select tYpioalAprojeets‘
from ‘each of the last four years of construction Emphaslslwas given

‘to selecting problem construct1on contracts. These'dsta are_Sumﬁstizéd

in Tables 11 and 12. Environmental data obtained from U; S.-Westhet B
Bureau.Data recorded-neat the job site (13) and taken'dutinglthe construct-
'ion periodfare also summarized in»Table 14; "Results of these queStionnaifesz
together with information obtained on personsl visits indicate that projects
experiencing poor performance were_often associated with one or more of'the
following: moisture,ecrushing,zot'degtsdetion. These resultsbate'discussed'
in detail_below.v

Moisture, Rainfall durihg-énd/or'shortly after_constroction of seal>coats
has long‘been a oroblem with hatufel-aggregates. Ample'evidence'exists,Which
indlcates that this problem may exist to an even greatel exteht with synthetic aggre—

gateS'(Tables,6 and 12). Precautlons are. always taken to stop constructlon during
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Section Construction Dates

TABLE 1.

4

Precipitation After

#Monthly ‘averages

33

. Maximum Minimum Precipitation Precipftatlon’ Before Average Humfdity
Adr Air Buring iction Construction . 2 a.m.
T Temperature Canstruction Date Amount. Date Amount
5-7-1 8-14 89 61 T 8-12 0.02 8-18 T 46
8-15 20 62 0.14
8-16 71 62 0.07
8-17 80 61 0.00
572 8-18 90 56 T 8-15 0.14 46
: 8-19 87 60 0.00 -16 0.07
8-20 89 63 0.00 :
g-21 88 62 0.06
5.7-3 3-13 84 45 0.00 40
3-14 81 47 0.00
5-7-4 7-29 100 69 0.50 47
7-30 93 69 0.60
7-31 97 72 0.00
5-9-i 6-26 95 "0 0.00 8
6-27 96 60 0.00
6-28 101 67 0.00
6-29 98 49 0.00
6-30 97 70. 0.00
5-9-2 610 a1 58 0:00 6-8 .07 38
6-11 89 59 . 0.00 .
6-12 87 50 0.00
6-13 83 5t 1.25
6-14 65 48 0.62
6-15 63 47 0.00
6-16 68 45 0.11
6-17 75 53 T 0.00
6-18 82 59 0.00
6-19 82 57 0.00
6-20 9 59 0.04
7-9-1 9-17 86 67 0.04 39
. 9-18 73 65 1.91
9-9-1 9-16 99 73 2.20 9-15 ST 94-48
9-19 89 71 0.60 9-22 0.02 84-48
9-20 90 70 2.00 9-15 0.42 90-52
9-24 85 65 0.00 97-39
9-25 20 65 0.00 97-4%
-9-8-1 9-4 95 73 0.34 9-3 0.07 91-50
9-6 88 65 0.00 9-5 T 8445
9-9 90 66 0.00 79-31
9-10 87 62 0.00 78-27
9-11 86 56 0.00 §0-28
9-12 87 57 0.60 78-31
9-13 a5 61- 0.00 81-40
9-14 74 66 1.28 87-62
9-15 86 69 0.64 90~61
9-16 96 72 0..00 88-54
9-17 79 67 0.85 81~k
9-18 86 56 0.00 83-26
9-19 88 ° 62 0.00 75%39
9-20 173 71 0.03 87-52
9-21 87 74 0.06 88-63
9-22 90 72 0.00 88252
9-23 90 74 6.00 91-51
9-24 - 1.24
927-1 5-25 87 635 0.00 5-20 .85 5-29 1.35 62
i 0.00 5-21 T
9-11-1 6-17 99 74 0.00 6-15 T 6-27 17 79-29
- 6-18 97 75 0.00 6-19 0.02 : 87-34
6-24 99 72 .00 6~20 T
6-25 96 - 72 0.00 6-21 0.5-2.0
$-26 95 7% 6-22 .03
17-8-1 9- *95 *75 0.00
17-9-1 6-9 90 69 0.00 6-3 1.86
6-10 90 70 0.00 [ 1.09
17-11-1
19-9-1 7-3 101 77 0,00
7-7 98 78 0.00
19-9-2 5-30 92 72 T 5-28 .09 59
6-2 80 58 6.00 6-1 .02 50
19-8-1 7-16 91 71 0.00 7-13 .54 7-20 6.33 55
7-17 91 71 0.00 7-14 1:52
19-6-1 7-27 97 78 0.00 7-23 0.05 57
. 7-28 98 79 0.00 7-25 ° .07
23-11-1 5-27 97 62 .00 5-25 0.34 18
5-28 90 64 .00
232771 ~14 88 63 0.42 7-13 T 7-18 0.04 50
7-17 91 66 0.00 7-19 0.10
. 7-20 0.63
: 7-21 0.10 :
-23-5-1 8-9 9% 70 0.04 8-7 115 kL]
- 8-10 96 67 0.00 |
23-3-1 7-29
7-30
25-10=1 5-26 88 58 1.0 5-24 0.74 5-28 0.89 51



rainfall} however,ra very small percent of seal coat constrUCtion isA
subjected to the‘rainfall during constrnction. Subseqnent loss of SOne cover--
stone_nsually resultstrlThis loss of'co&erstone is:more likelyfunder'high'
traffic volnmes. o o |
Rainfall atter construction can sometimes be tolerated'provided a
strong -bond has been established between the asphalt and the aggregate and
'between the old pavement surface and the applled asphalt ~High traffic
volumes 'will increase the probability of failire.
The_length of tine between the end'of construction-andhthe heginning’

ofvrain 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 z'hbﬁrs hasrnot been
detrimental | Figure 57has heen prepared to illustrate this obServed.behavior.
_If a dry aggregate is utlllzed during construction, a certaln degree of bond
between the’asphalt and-aggregate is established as the aggregate falls into
‘the asphalt. As the asphalt cools (less than twoiminutes are reguired;to
reach‘an equilibrinm temperatnre) and aggregate‘seating is‘effected, the.
,bOnd'increases.r After'arcertain length of time-the borid between the'asphalt_
ane aggregate'is of snch sttength‘that'Water will not ‘displace the asphalt
from the aggregate:surface.: Thns,rrainfall will not create raveling.r_Certain:,
types of aggtegate-asphalt combinations produce a stronger'bona than othersu
asrdepicted hy'a compariSon'hetween Case A and Case h in Figure 5.

The typical case involving'wet aggregate and the associated pooribond
:that can’heiestablished between the asphalt and the’aggregate is-shown as
Case C.in Figure\S; VA significantly longer period of time is required
to provide a bond of necessary tenacity to prevent raveling due to subse—

QUentArainfall. The shape of the Case C Curve 1s‘controlled by the_followingr
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TIME OF
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BOND TENACITY
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CASE B
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factors: temperature, homioity; and abeorotioh'propertiesAof'the—aggregate;}

To eetahlish the réqﬁifed time deiay between‘cohstruotion and reinfall;
the engineer must'aiso oonéider the megnitode of bond tenecitflneoeeseryl,
for the giten traffic conditions. Certaioly, incfeesed trafficAvolumes will
necessitate'ergreater.bond_tenaoity to provide goodoperformahce.-‘Tféffic
spee& ehd tireApressufe-will eleo control the te@ﬁiteheots touarcertaih
.Adegree (Figure 5). | S o
| M01sture presentvin the aggregate during construotion is often detri—
'mehtal as iliustrated above. Synthetlc aggregates “with their relatively
iatge capacity tovebsorb or store water, present an even more difficult
‘probiehAthanrmost hétoralhaggregetes. Raintalirohfeynthetic.eggregate
:stockpiles prlor to constructlon can be detrlmental if construction is not
' performed_on warm, low—humidlty days.‘ An example of the problems esso-
ciatedhwith the use of wet aggregate is illustrated by the_f0lloWing situation.
On someAptojects reyeling of eggregates plaoed,dutingfthe.early'bart of
“the construction day was traoed ih part to moiSt_eggregates not eStablishé
ing a sufficient_bond withrthe asphalt in the time frame:of the construction
f operation. /As-the temperature increased ahd humidity dropped during the
day, the aggregates dried suffic1ently to allow the establlshment of the
Vrequired bond to,prevent aggregate loss. A construotion time frame adjust-— ,
mehtvwoold appear in otder to assist in rectifying'the_problem.

A coﬁperiSOn-among thsioel~propertiesAof syhthetio aggregates'and
-pteooateo aggregates is shown in Table 15. This comparison illusttates.

jthe relatively high*aBSOrption-capacity of synthetic aggregates.AvFigure,'
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TABLE 15

AGGREGATE PHYSICAL PROPERTIES*

‘Aggregate Specific Gravity Unit ' Absorption Porbsity 100-Minute l4~day Los Angeles  Freeze Thaw

Identification  Bulk  Absolute* ' Weight Capacity,. ‘ : Saturation Absorptlon . Abrasion** Resistance#*
‘ 1bs/ft Percent . . Percent - Percent : ‘
(loose) :
H 1.81-  + 2.30 - 43,4 13.8 _ 21.3 24,6 ‘ 1 9.04 - 33.2 : 30.0

B 1.23 2.04 37.7 - 28.1 3906 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

A 1.57 2,21 52.4 12.8 28.9 14.0 9.20 27.6 2.3

K .

2.43 2.62 84.0 1.93 7.3 476 _2.85

Number of Tests. 3 3 2 2 -3 3 3

*Values determlned 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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6 illustrates the rate of absorptiOnrfof various synthetic aggregates
ﬁhereby 1llustrating tﬁe field observed problems‘of wet aggregates in the.
stockpile. As noted in these data, certain synthetic aggregates can be
expected to absorb a larger quahtity owaater than others and, furthermore,
the rate of absorptlon is higher for some types of aggregates than for other.
types.’ Field behavior under wet conditions is believed to be related in
part to both the capacity of the aggregate to hold water as well as the rate
at which ﬁhe aggregate will take up water during periods of rainfall.
"bégréaAtibﬁ., Degradation or the manufacture of flnes durlng transporting,

handling, construction and in-service has been observed to be a problem
under certain»conditions. This'degradation often leads to "dusting” and »
reéulting éoor adhesion between asphalt and aggregate and consequently loss
of stone, 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:ofbthis degradation is such that the fine side of the gradation
specifications are sometimes not met. |

The degree -of aggregate degradation during construction and traffic
for typical synthetic aggregate seal coat and precoated 1ime$toﬁe projects
is shown in Figures 7 and 8; respectively (7). Additiopal field datar
" on 1ightweightvaggregete seals are shown iﬁ Figure 9. The effect of rolling
on aggregate degradation is shown.in Figu;e 9 together with an alternative
represenfetion of the. identical degradation data in bargraph form in Figure
10. These data indicate that certain construction precautions as well as
material selection jddgement should be exercised with synthetie eggregates
to minimize aggfegate.degradation.

General performance trends experienced by construction‘and maintenance
personnel suggest that aggfegates A and D experience only minimal degradation .
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under construction and traffic; while aggfegatés B and H ﬁaVé,_undér certain

COnditioﬁs, experienced excessive aegradétion. On tﬁevotherAhand, aggref>

gates A, B, D and H'haﬁélall.béen'placed su§¢essfully and have rendered

good éefvice.
Degradation under traffic is aggraﬁated by stacking of thé aggregate,

o (caused by exceeding 1:130 aggregate appliéation rates for Grade 4 material)
excessive percentages of heavy trucks or high tiré'pressuré &ehicleé, and
high traffic volumes.'.Fbr'geﬂerél design considefation, it is hopefulvthaf'
a general relatioﬁship:betweén éggregate type and traffic volumétcan be v,'.
esfabiished. An eXaﬁple of one type of:de§elopment'is illustrated in
Figure li. Hopefull&Athese traffiC'volumeé'can,Be ?efined as additional
field data become av;iléble. | o

77 The amount of:pfpjeéts experiencing a substantial aggregate degrada~
tion has”redﬁcéd'in_the past two to three years. This observed béhavior
is in part réléted_t§,the7folldwiﬁé iteﬁs: |

1. Manufacturing quality control of synfhétic aggfegates has impfoved.

A2. .Théraggregate physical properties for éeal coat aggregatesrhaVe :
been more‘acégrételyrdefinea through field éxperienée.-VManufacturérsAhaﬁe
altered their processes somewhat to'meét these needs. |

3. Gfadevﬁlgrédatioﬁs have been utilized predbminaﬁtly duriné the
pést fwo ﬁo three years, whereés Grade 3 (a coarser graéation)<has been'
utilized on_a:limited'bésis in prior years. Excessgive degrédainn was.
experienced whenrdrade 3'éggregatés were utilized ﬁnder certain coﬁditions,

4. Construction ﬁechniqués,suéh as brooming of exéessAaggregate énd
utilizing_bniy pneuﬁatic Qheel COmpacfion'equipment ﬁave reduced degradation.

5. vaerétone applicétion rates have been redugéd in‘somg,disfrigﬁs.'
Minimal covgr‘rates axeumostrimpoftaﬁt., V |

44



TRAFFIC VOLUME VEHICLES PER DAY PER LANE

4000

3000

2000

1000

1

/AL LLTLL L LA LA I L L AL AU R LR AL RA AR AR AR AR AR R

7 OOy

AGGREGATE TYPE

Figure 11. Suggested traffic values at which
synthetic aggregate should be utilized
to provide a reasonable degree of success.



Otheeractqrs,r Factors iﬁ addition to moisture‘énd dégfadagion have been
E suggésted-as ﬁossible causéé of poor performance 6f,synthetié aggregate'
_seal coats. For example, ésphalts with undeéiragle'pfopérties;'coﬁtamination '
of aggrégates during shipment, and failure to meet designated aggregate
grading specificatioﬁs.v These problems appear to be mindr rélative to

those caused by moisture and degradation.
METHODS OF IMPROVING PERFORMANCE

As illustratéd above, many proBlems associated withrpbor syﬁthetic
aggrégafe seal coat performance can be traced to the féllowing:

1. Use:of exéeséiVeiy wetvaggrégates during construction under epvi— E
‘ronmental conéitions that do not aliow‘an adequate bond té be established
* between the asphaltranartﬁe aggregate fofVthertraffi¢‘éonditioné impOSed~:
upon the project. | | |

2. Rainfall after construction thus pfeventing a satiéfactory"asphélt—-'
‘aggregate bond resulting in stripping or displacement of therésphalt from
fhe aggregate surface‘by water, |

3. Degradation of the aggregate during transportatibn thus causing
dust and a resulting poor bond between the asphalt and éggreéate,

4.-‘Dégradatidn during construction or immediately after conétruction
creating a bleeaing pavement.v |

Methods for Solving the ‘above mentioned problems the Eéen suggested'

by various individuals and are presénted below.

Use of Wet Aggregates
The utilizatioﬁ»ofAﬁet or moist aggregates can be accomplished pro-
vided sufficient time is allowed for the proper bond to be established.

If traffic is not allowed on the newly sealed surface and/or if the speed
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of tfaffic on the new surfaée is controlled until adeqﬁaté bord 1s estab-
blished, an accepfable job will quité likely result,

A successful project can also be accomplished b& delaying construcfion
unfil the éir temperature and humidity conditions'are such that the aggre-
gate will dfy'on the roadway in a reasonable length of time. This may
require that éonstruction cannot commence until late morning.

Moisture in the stoékpiled aggregate may result ffom moisture used in
the manufacturing pr;cess to cool‘the aggregate, frpm rainfall during trans-
porfation to the job site, and from rainfall on the stockpile. Covered
transportation vehicles and covered stockpiles may reduce aggregate
méisture contents such that delafs to wet aggregates can be minimized.*

Rainfall After Construction

It is dimpossible to prevent rainfall, thus the ehgineer must control
his construction operation such that rainfall pfoblem~wiil be minimized., By
maintaining contact with local weather forecasting'services equipped
&itﬁ radar tovdefine areas of rainfall, the engineer could minimize the possi-
bility of hinderance from rain falling during or immediately after construction.'
Control of traffic either by the use of a pilot car or flagman can
prevent a possible failure if rainfall has occurred or is likely to occur.
CIf possible, traffic should be removed from the newly sealed surface or

the speed controlled on this surface to pfeVent a possible failure,

*Cévered stockpiles may be beneficial when the aggregate is delivered

dry and rainfall is likely prior to construction.

~N
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" Degradation During Transportation

Degradationlduring transpoxtation mayApossibly be réduéed by alferiﬁg“
manufacturing operations; however, this may be an expensive alternative.
More rigid‘adherence to the new specification may force the manufacturers
to solve this aggregate dustingrprdblem. |

Precoating of the aggregate 6ffers yét another-solution. Again this
wiil inéréase'the_cost of the aggregates, fFortunately, undér thé majoriﬁy_
of circumstanceé.degtadation and the resg1ting dust has mnot been é éeriousf‘

problem.

'Degradation During Construction

Degradation of tﬁe.aggregate during construction and imﬁediatély
after constructiqnvcanvbe reduced to a large degree by éltered éoﬁétruction
_techniques. The use of steel wheel roiiérs should be eliminated on seal
coats utilizing synthetic aggregatés‘és coverstone. Excessi?e rolliné
with heavy, high tire pressure, pneumatic tired rollers may also cause
. degradation, especially if excessive aggregate is spread on therroadway.f
Aggregate quantiﬁiés should be controlled to provide only the ﬁe—
cessary amount_of'aggrégate oﬁvthe‘roadway. Excessive aggrégate will offer
the'opportﬁnity fqr rélling equipmént and traffic to rub aggregate
aéainst aggregate thus cfeating_aegfadation. Suggested quantities of 
.aggregates ané.asphaiﬁ.ﬁased on field e#perience and current design methods
’aré given'in Table 16 for the varioﬁsraggregate types and'tréffic volumes
(12, 13; 14,.15,716, 17). A correction term for asphalt content baéeé on suré

"face demand and traffic volume is given inATable l7_andAFigure 12-(19, 26).
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TABLE 16

SUGGESTED QUANTITIES OF AGGREGATES AND ASPHALT FOR SELECTED
' SYNTHETIC AGGREGATES

Unadjusted*#*
Aggregate quantities, square yard Asphalt Quantity, gallons
per cubic yard _ per square yard
Aggregate | Aggregate , ‘ Aggregate
Designation . Gradation . . Gradation
fine* coarse* - fine*® ' coarse*v
A - 153 129 - 0.22 0.26
B 144 122 0.21 0.26
D 139 124 0.19 0.22
H 142 137 : 0.22 0.23

*Gradations are the fine and coarse side of THD Grade 4 specifications.

*% Adjusted rates as determined by considering field pavement surface and
traffic volumes as shown in Table 17 and Figure 12 must be considered.
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TABLE 17

ASPHALT QUANTITY CORRECTION FOR PAVEMENT SURFACE CONDITION -

7 S , : 'Asphalt Correction,
Surface Condition - .~ =~~~ — - : Gallons per square yard

Flushed asphalt surface : AP =003
Smooth, nonporOus'surfaée - . ' o 0.00

' 8lightly porous, slightly e - +0.03

" oxidized surface

Slightly pocked, porqus;- R j:. ' ‘ +0.06
‘oxidized surface - ‘ Lo S
Badly pocked,ﬁbbrqus, e ' L +0.09
oxidized surface - ' ’ : _

j after the Asphalt Institute (19)
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ADDITIONAL.SIUDY':‘
Addltlonal study w1ll be conducted as part of thls project to quallfy.
under what conditlons synthetic aggregate seal coats can be utlllzed Two
vmajor items will be developed: installation of trlal fleld sections and a .

' :sealrcdatbrating system. These arerbriefly discussed below. -

TField Trial Sections

- Based upon thegeXperience gaihed_fram fieldrvisits; questioanaires
aadgarreview cfrthe'literature (referenceS‘lth 19);~fieldetrial,sé¢trens‘7"
'_were'deelgned-to coﬁtain the followihg;gariableef. o

L. 'EeVironment;‘ | |

2. Asphalt‘tgﬁe (aSphalt'cemeﬁt“andAemulsioﬁ)}

3. Trafflc (900 to 7 000 vehicles per day)
4. ‘Asphalt quant1ty (3 levels)
5. Aggregate quantity (3 levels).

6. Aggregate molsture content (3 levels).

7. Simulated rainfall (3 levels)

é.‘ Aggregate typer(aggregates A, B, D,.andeﬂl.

,iThese variables tOgether:Wlth traffic cehtrol, ccﬁpacticn technidue and
'lremoval»ofreXCess aggregate control to a ]Jrge degree the performance of"
"synthetlc aggregate seal coats Lertalnly a more extensive fleld program .
-_should be con51dered to‘more accurately deflne the tolerable 1lm1tS of
{these variables A eummary of the field trlal.sectlons to be placed in
the summer of 1972 qis: 1ncluded in Tables 16 to 21

Part of the fleld trlal sections scheduled for District 14 (Austln) -

" has been completed. That pQrtion’of the'sectieﬁ’utilizing thevemulsified‘~-
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TABLE 18

DISTRICT 2 - TRIAL FIELD SECTIONS#*

Design Asphalt Cement Design Emulsion
Aggregate . .
Aggregate Spread Aggregate Mqlsture Content
Source Rate Dry Moist Wet Dry Moist . Wet
T 1:(117%4) Design X X X X X X
Clodine 2 1: Design X X X X X X
3 1:(83%) Design X X X X X X
1 1:(117%) Design
Dallas 2 1: Design X X X X X
3 1:(83%) Design X X X X X X
1 1:(117%) Design
‘Eastland 2 1: Design X X X X X X
3 1:(83%) Design
1 1:(117% )Design X X X X X X
Ranger 2 1: Design X X X X X X
3 1:(83%) Design X X X X X X

* Location
Erath County
SH 6 Control 257-6
From Dublin West’ 40 Mile
Length = 21,120 ft.
2 Lane 22'
1650 wvpd,
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TABLE 19

DISTRICT 5 - TRIAL FIELD SECTIONS

o 'Aggregate el K o "T Asphalt Quantity
- Aggregate - Spread : - - - : -
Source . Rate: (115/) Design* Design* (85/) Design* .. ~Design#**
o 1 1:(117%) Design (L)X (@)% Wmx o o wx
- Clodine. 2 1: Design . (X @ @ddx e (x
_ 3 '”1' (83%) Design | (DX 2)x (@)X o ‘ (4)X
1 1:(117%) Destgn = @x . wx
Dallas. - 2  1: Design (2 U (X
. 3 1:(83%) Design @)% - | X
1. 1:(117%) Design @)X ‘ L | (WX
Eastland 2 1: Design - 2)x : ' - (AKX
' 3 1:(83%) Design . : (2)X ‘ R I L))
1 1:(117%) Design WX @ e (DX WX
. Ranger 2 1: Design ' )X @)X @)% S (4)X
e 3 l:(83%)'Design o (DX @ @ (WX

"( )X lndlcates nuﬁber of rock lands in test section R ‘#*_deation

% Location : S S .~ - Lubbock County

" Lubbock County . . R = . ... . FM'1730 Control 1344

US 62 Control 380- 1 : ' ' o . 3 * Loop 289 to FM 1585
From Lubbock City Limits to 3 miles SW e . ‘ Length 20,823 ft. - 3.943 mi.
Length = 15,000 ft, - 2,840 miles = . .. .. .2 Lane 207

4 Lame divides traffic . S 930 to 1570 vpd.
- - South Bound Lanes 24' ' L ‘ ' : oo co
4310 vpd
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TABLE 20

DISTRICT 11 - TRIAL FIELD SECTIONS#*

- US 59 7000 vpd (4 lanes) 24"

Aggrégate ‘ . B s Lo
Aggregate Spread Asphalt Quantity ‘ _ Emulglon‘Quantlty
Source Rate (115%) Design Design (85%) Design Design
1 1:(117%)Design (1)X (2)X (1)X (2)X
Clodine 2 1:Design (DX (2)X ()X ()X
3 1:(83%)Design (L)X (2)% (D)X ()X
1 1:(117%)Design 2)x (2)X
Dallas 2 1:Design ()X (2)X
3 1:(83%)Design (2)X (2)X
1 1:(117%)Design (2)X (2)X
- Eastland 2 1:Design (2)X ()X
3 1:(83%)Design (2)X ()X
1 1:(117%)Design (1)X (2)X (L)X (2)X
Ranger 2 1:Design (DX (2)X (1)X (2)X
3 1:(83%)Design (1)X (2)X ()X (2)X

( )X Indicates number of rock lands in test section

*Location
Angelina County
US 59 Control 176-3

From Diboll to Neches River

Length: 21,120 ft
4 Lane Divides
South bound lanes 2
7000 vpd.

- 4.0 miles

4"

L9l
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" TABLE 271

DISTRICT 11 - TRIAL FIELD SECTIONS.

SH 103 1900 -2500 vpd 26"

Aggregate

Aggregate . - Spread : Asphalt Quantity ‘ : P Emuls1on Quantlty |
Source Rate (115/) Design Design (85/) Design (115/) Design Design (85%) Design.
1 1:(117%) Design . (X S (2)X

Clodine 2 1: Design ' -~ (2)X o o ()X
3 1:(83%) Design @k o T ¢9)):¢
. 1 1:(117%) Design o C (@)% - @
Dallas 2 1: Design ()X )X @)X » (2)X T (2)X - (@2)X
S 3 -1:(83%) Design : o ‘ (2)X ‘ o . o ()X
| 1 1:(117%) Design @ -  @x |
- Eastland 2 1: Design T (2)X (2)x (2)x S (2)X (2)X (2)X
3 1:(83%) Design. ‘ (2)x | ‘ ‘ - (2)x ‘
1 1:(117%) Design ' '(Z)X S o : ‘ L (DX
Ranger 2 1: Design : (2)X : ‘ o T(2)X
: 3 1: (83/) De31gn _ S (2)x - : S ()X

()X indicates number of rock lands in test section.

Angelina County

© Sh103 Control 336-5 .
From FM 1475 to Angelina River -
‘Length: 21,120 ft - 4,0 Miles

2 Lane 26' 1900—2500 vpd

. 1900 to 2500 vpd.



TABLE 22

DISTRICT 14 - TRIAL FIELD SECTIONS#*

. . | . '
Aggregate St. 95_12?0 Vpd‘28

Aggregate Spread Desigh Asphalt Cement DeSign’Emhlsion
Source Rate " None - 0 hours 24 hours . None .0 hours 24 hours
‘ 1 1:(117%)Design X X X X X - X
Clodine 2 l1:Design X X X X X X
3 1:€83%)Design X X X X X X
1 1:(117%)Design X X X X X X
Dallas 2 l1:Design X X X X X X
3 1:(83%)Design X X X X . X X
] 1:(117%)Design
Eastland 2 1:Design X X X X X X
3 1:(83%)Design
w B
~ 1 1:(117%)Design "X X X X X X
Ranger 2 1:Design X X X X X X
3 1:(83%)Design X X X X X X
Precoat 2 1:Design b4 X X X X X

X Indicates test section.

*Location
. Bastrop County

SH 95 Control 322-1

From near ¢. city limits of Elgin to 4 miles south
Length: 21,120 ft. = 4.00 miles

2-Lane 28'

1220 wvpd.



asphalt was placed in order to establish the neceésary construction and
,'testing_techniques'for_the remaining field trial sectidns. Results from

this field trial will be arpaft of .the final report ofAthiSQstudy.

Seal Coat Rating System

A methbd to evaluate’the performance of seal coats is being developed

as a part of this study,v This method is based on work performed by,Soﬁth 

'_ Dakota'Highway DepartmenﬁA(QZ), Washington'State'Highway Department'(ZB), -

University of'Minneéqta'(24),and‘Texas A&M University-(z). As data are
' ,¢Oliected on Texas'highwéys and on the trial field sections, a more real-
cistice appraiéal,of thevperforménce of synthetic aggfegaté—Seal'cpats in,f

“Texas will be possible.
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