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1. TINTRODUCTION

In 1972, Administrative personnel with the Texas Highway Department at
District 2 became interested in developing an open graded, asphalt stabi-
lized overlay utilizing non-polishing aggregates. The specific objective
was to develop a thin lift overlay providing an improved driving surface.
with a high skid resistance, a relativgly low noise factor, and diminished
hydroplaning.

2. LABORATORY DESIGN

The District Laboratory Engineer Qas confronted with having to develop a
design for an open graded,/asphalt stabilized aggregate mix containing
little or no fines, with a paucity of proven design procedures. He immedi-
ately initiated the tried and true engineering technique of locating and
consulting with agsociates who had previously confronted a like or similar
problem. With this additional information, and from his own experience,
the Laboratory Engineer launched his forces into a program of obtaining
materials from a variety of sources and mixing these materials in a variety

of asphalt and aggregate combinations.

The aggregate gradations chosen for the trial designs conformed substan-
tially with the Texas Highway Department Standard Specifications 302
(Aggregate for Surface Treatments (Class B) and 303 (Aggregate for Sur-
face Treatment (Lightweight) for Grades 4 and 5.

A. Materials:

The aggregates secured for trial designs were Eastland Lightweight, Bridge-
port Crushed Limestone, Traprock, Blast Furnace Slég, and Rhyolite. The
asphalt selected was an asphalt cement designated as AC-20. Based on
experience in designing asphalt stabilized materials, the Laboratory Engi-

neer chose this asphalf due to its hardness characteristics.




B. Procedure:

A predetermined quantity of each aggregate, at 250 degrees F., was mixed
with varying amounts of asphalt at 250 degrees F. The resulting trial
mixes were evaluated on the basis of aggregate coating, workability, and
excessive asphalt, if any. The trials were then made into standard 2" x 4"
molds and 3/4" x 6" diameter molds and allowed to cure to determine if they
would form a well bonded mass. It was determined that no real conclusions
could be drawn from the 4" molded specimens in that they lacked enough co-
hesion to support the 2'" height. .The 3/4" x 6" specimens did however give
a preview of the road texture. After evaluating these trial batches; the
Laboratory Engineer was able to determine that 14.5% by volume appeared

to be the minimum amount of asphalt necessary to attain aggregate coverage
and workability, and approximately 17.5% by volume the maximum asphalt
demand for each aggregate considered. The optimum content appeared to be

approximately 16.57% by volume.

The asphalt contents are described as a volumetric percentage of absolute
volume of aggregate due to the considerable differences of the specific
gravities of the aggregates utilized in the trial designs. The formula

used for describing the volumetric percentage is as follows:

Asphalt Content by Weight

62.5 #/c.f. x Sp. Gr. of asphalt = Cu. Ft. of Asphalt

Aggregate Content by Weight

62.5 #/c.f. x Sp. Gr. of aggregate = Cu. Ft. of Aggregate

Sum of volumes = volume of mix

The corresponding volumetric percentage is the ratio of the material con-

sidered to volume of the mix multiplied by 100. This method of describing




the quantity of asphalt in the mix enhances quantitative comparisons of

asphalt required for the different aggregates and the corresponding eco-

nomic comparisons for the amount of area overlaid.

3. EXPERIMENTAL SECTION

A. Materials: |

Upon completion of the laboratory designs, two aggregates were seiected

for use on a one-half mile experimental section of IH 820. These two
aggregates were Grade 4 Lightweight from TXI Eastland and Grade 4 Crushed
Limestone from Gifford Hill & Co. Bridgeport. The gradation requirement

was as shown in the 1972 Specifications Item 302 Grade 4 and Item 303,

Grade 4.

B. Placement:

The mix for this experimental section was processed by a commercial plant

and placed by Texas Highway Department maintenance forces. The District
Laboratory Engineer and his personnel supervised the plant operation. The
road operation was supervised by the Maintenance Enginee;. This mix was pro-
cessed in conformance with normal Hot Mix procedures and criteria. The place-
ment was performed with an unmodified asphaltic concrete spreading and finish-
ing machine. No rolling was performed on this experimental section. The
depth of mat placed was approximately 3/4". During the mixing and place-
ment of the mix the following observations were made:

1. A mat of approximately 3/4" of Grade 4 cover stone could be laid with

an asphalt finishing machine.

2. 1t was absolutely necessary to place a roller on the surface to seat

the rock. Most of that area not rolled came up under traffic. (Figure 1).
3. Lightweight aggregates retain some moisture even when dried at high

temperatures.




FIGURE |
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It appeared to be unnecessary to remove all the moisture from the light-

boiling point of water. It was found that in very hot mixes with no

{sture the asphalt settled to the bottom of cthe truck. 1In hot {211"!‘)

ixes with moisture the steam pushed the asphalt to the top of the truchk.

_{Hmn 2}

b+ DEMONSTRATION PROJECT

A. Objectives:

In Spring of 1973 the Federal Highway Admini{stracion and the Texas Highway
Department agreed to develop a demonstration project for the improvement
of existing pavements with lower than desirable skid values. The specific
- pbjective of this project was to use & thin lift, non-polishing aggregate
asphalc stabilized overlay providing an improved driving surface with a
high akid resistance and a relatively low noilse factor. With this objec-
tive in mind, the District 2 Administration proposed to use three different

non=-polishing aggregates on selected sections of the Fort Worth Freeways.

' B. Specificarions:

- Aggregates. One of the three aggregites was stipulated to be a lightweighe
aggregate, and the other two were [o be natural aggregates from saparate
sourceg. These three aggregateés wereé o conform to Texas Highway Depart-

ment Special Specification 3013 am follows:

Retained on 5/8" sieve 0%
Retained on 1/2" sieve 0-2%
Retained on 3/8" mleve 20-357%
Retained on No. & sleve 95= 100
Retained on No. 1D sleve 98-100%

ght aggregate. It was better to lower the mixing temperature to less than




In addicion to this gradacion and the requirements of Item 302 and 303, the
minaral aggregate was required to have a “polish value" of not less than 35,
when tested in accordance with Test Method Tex-438-A. This test was made on
one (1) representative sample of material produced from each source prior
to its use. BSubsequent tests were to be made only when deemed neceasary

by the Engineer. The “polish value™ test was performed as a quality test
for approval of the source and not a job control test,

Asphalt, The asphalt stipulated for use was AC-20 which is a medium hard
asphalt cement with & minimm penetration of 55 at 779 7, {100 gr for 5

pec.), and & minfswm ductility of 50 at 77° F. (5 cms per min.).
The tack designated was RC-2 which is a cut-back asphalt requiring a penatra-

tlon range of 110 o 150 at 77° F. (5 cm per min.), and a minimum ductilicy
of 100 cm at 77° ¥. (5 cm per min.).

C. Materials:

Retaining the material criteriz ag described, the Texas Highway Department
advercised and subsequéntly let a contract in the susser of 1971 for the

placement of an open graded overlay on three Fort Worth Freeways.

Southwestern Contracting Company was the successful bidder and wvas awvarded
the contract for the project. The contractor submitted three aggregates;
crughed Rhyolite, crughed Dolemicic Limestone, and expanded shales to the
Texas Highway Department for approval.

CRUSHED EHYDLITE: This material is produced by Gifford=-Hill from thelr

Allampore Plant near Van Horn, Texas. Rhyolite (g an igneous rock and ig
the extrusive equivalent of granite. It exhibits the same minerals as
granite, embedded in an abundant glasey mass which is frequently flow bond-
ed, PBRhyolice consists mainly of Biotite, Hornblende, Quarte, and alkaline

Felspars. BSome of the characteristics of Rhyolite are: it has a specific
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¥y of 2.59. It has a polish value of 36 and has & wear loss approxi-

ly 16% when tested by the L.A. Abrasion test, and in this gradation
d approximately B2 lba/CF.

DOLOMITIC LIMESTOME: This material is produced by the Trinity Divie-

Genera] Portland, Inc, at Stringtown, Oklahoma. Doleomitic Limestone
'__ndi.unury rock which 18 composed chiefly of calcite and magnesium.

':_ SBtringtown material had a loose weight of approximately 86 lbs/ef. Ithad
pollish value of 35, and a wear loss of 147 and a gpecific gravity of 2.58.
D SHALE: The third aggregate submitted was Esstland Lightweight, pro-
d by Texas Industries at Eascland, Texas. The Eastland lightweight had
walght of about 53 lba/cf. It had a polish walue of 39 and a wear

of 21% and a speciflic gravicy of 1.67.

order to assure equity of cost for all aggregates considered, aggregates
pald for by the cubic yard. Simplification of measuring the voluss of
aggregace to be paid for was accomplished by converting scale weights to
L‘uh-u gs follows:

‘The surfacing mixture was measured separately by the ton of 2000 pounds of
r-ll[tl-llt“ and by the cubic yerd of dry, loose “Aggregate" of tha types
Sctually used in the completed and accepted work in accordance with the plans
and specificarions for the project. The volume of aggregate was calculated
from the messured weights of the surfacing mixture by use of the following

formula;

| V"= IH—.E!
27(k)

¥ = Cubic yards of aggregate, dry, loose.

W = Total weight of surfacing mixture in pounds

A = Weight of Asphalt in pounds

K = Unit weight of Aggregate in pounds per cuble foot,

-?-




The wvalue "E" was determined by Test Method Tex=404-A "Determination for
Unie Weight of Aggregate.”" Material for this test was sampled from the hot

bin and tested at the molsture content found in the hot bin,

The value “E™ was checked a minimum of one tlme for each 3,000 cubic yards

of mineral aggregate. When in the opinion of the Englaeer or the Contractor's
representative, the value of "E" had changed, & check test vas sade. A new
value for "E™ was used if the checked values of "K' varied more than two

percent {plus or minus) from the valus baing ussed.

5. PLANT OPERATION

A, 'remEr:u.turE:

Maintaining temperature of the mix within the acceptable range of 200° ¥ + 'I,l:l-n
requlired congtant attention and that the plant had Lo be started and operated
each time for approximately a half hour by running aggregate thru the dryer
until the temperature became constant prior to introducing asphalt into the
mixer. The contractor later replaced the standard fuel valve with a variable
valve in order to better control tha Cempeérature at the lower ranges.

B. Hot Bin Moisture:

It was also realized, from the experience gained from the experimental projec
that the aggregates were going to retain some wolsture in the hot bins. The
moistures varied from 0.2 to 0.5% in the natural aggregates and 3.0 to BL in
the lightweight aggregates. It was surmised that this moisture wouldn't be
detrimental Co the mix as long as the temperature of the mix didn't mub-
stamtially exceed the bolling point of water. Higher temperatures evaporats

ed the molsture In the mix and produced excessive asphalt migration in the

mix after it had been placed in the batch trucks.
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rienced was a substantial mix temperature loss am moisture con-
to be evaporated from the aggregate after it had left the dryer
gven after it had been placed in the bateh truck,

fal Degradation:

-'::,. plant associated problem that arose was, continued manipulation of
'_‘3'- tes and feeding cold bins with a front end loader caused degrada-
'n‘! the aggregate gradation. Ome means by which this problem can be
' l‘ is to require hot bin compartments and rescreening of the aggre-

' in the plant. Also aggregate gradation changes significantly affectcs

_,'l'mi.t welght of the material and necessitates frequent “K" facter

mination.
§. PHASE I CONSTRUCTION

- Description and Purpose:

jeni the contractor had received a sufficient amount of material to begin
gonstruction, Phase T construction was iniclated. Phase I construction
coasisted of paving 3.6 Miles of frontage road using each of the three
ved aggregates. The purpose of Phase | construction was to develop
Isfactory construction techniques in mixing and laving procedures for
.. th material and to judge various wmix designs under actual construction
eonditions.

8. Asphalt Content:

It was predetermined that the natural aggregate mixea would be spplied with
‘agphalt contents of 6.2, 6.7, 7.2, and 7.7 percent by weight (14.5, 15.5,

- 16.5 & 17.5% by volume). It was also predetermined that the lightweight

- mixes would be applied containing 10.0, 10.5 and 11.0 percent asphalt by

weight (15.7, 16.4 & 17.1% by volumse). Tt was hypotheslzed that the




maximum asphalt content would be that content at which the asphalt began
to migrate in the mix during transportaticn from the plant to the road.

C. Asphalt Source:

The asphalt used in sl three mixes was produced by Kerr-McGes from Wynnwood,
Oklahoma. This asphalt had a penetration of 7] and a ductilicy of 14l. The

asphalt was introduced ints the mix at I”n ¥.

The asphalt used for Tack was RC-2 produced by Bell 01l and Cas from Ardmore,
Oklshoma. This asghalt had a penetracion of 135. The Tack was applied ar
approximately 150° ¥, wicth a standard asphalt distributor wicth the aspray bar
wodified with the smallest available nozzles (3/32"). The rate of applica-
tiom was 0.04 to 0,05 gallons per equase yard., The applied Tack was (smedi-
ately rolled and spread with a light pneumatic roller. This rolling continued
until the Tack broke. Tack Coat applied at these rates picked up on equipment
tires fn fine cobweb 1ike masses much to the travelling public's distraction
and irritation. The problem was somewhat alleviated by placing & plywood
skirt around the tack roller. The bateh truckm continued to be a problem.

D. FPlacement:

Placement of this material was performed with a standard crack mounted Cedar
Rapids asphalt spreading and f{inishing machine. This particular machine
utilized a vibrating screed rather than a tamping bar. The screed was set
with L/8" lead on fromt. The laydown machine was normally operated ac &6

feer per minute. The rate of travel wasn't eriticsl as long as the ambient
temperature was 85” F. and the temperature of the mix was approximately

200° F. When temperatures were low enough to cause stiffness of che mix
reduction of the machine travel speed failed to alleviate tearing or

pulling of the mat. The depth of mat placed wvas approximacely 3/4".

- 10 =




nt depth is poasible when the underlying surface is smooth and

on of the placed mat at the beginning of Phase I was performed with

d 6 to B ton tandem steel wheel breakdown roller and a light (6 tonm)
ic roller. Since the & to B ton tandem steel roller crushed or broke

. in the mat, it wvas replaced with a 1k ton tandem steel wheel

% and the light pneumatic roller wvas retained even though it picked

-,

~ : of the aggregate.

I' pnemmatic rolling was best performed where the mat temperature was 115°-
B8 ¥, Roliing psrformed &t Thess temperatures produced little or no
pegate plck up by the pneumatic roller. On clear ware days the mat
perature remained from 130° - 150° F. until evening presenting a prob-
in rolling. In &an attempt to rectify this problem, soap in varving

=

amounts was mixed with the roller's water. The soap helped to reduce the

' 'oblem somewhat, but a small amount of aggregate pick up contimued.
._.1- Hand Work:

d work of thia type of mix with conventional hot mix tools and techniques
- is difficult ar best and the resulting quality of material placed is uneven,
rough, undesirable and normally unacceptable, No method of improving the

- quality of hand placed materlals was developed during this project, other
than avolding hand placements and utilizing the laydown machine even on
small irregular areas vhenaver posslble. Where possible, irregular aress

were overlaid full sachine width and the exceéss wideth of material was re-

II moved and discacded.




Rampa, ramp gores, frontage road tapers, and auxiliary lane transitions are
not areas conducive to the placement of materials meeting minimum acceptable
atandards for riding surfacea.

G. Temperature;

Ambignt temperature and mix Cemperature are both important to workabllity,
unlformity and quality of the mix and resulting mat surface. The minimum
desirable ambient temperature is BO® with little or mo wind. Ambient tem-
peraturas lower than 80° reduce the workability of the mix and cause pulling
iand tearing of the mat, Warm o extremely hot weather is very desirable
concerning placement, but the mat will remain tender and susceptable to
damage until the mat temperature is reduced. Therefore, the ideal ambient
temperature range is 85° - 100° F.

The mix temperature also directly affects the workability and uniformity of
the material and thereby the quality of the completed mat placement. HMix
temperatures at the road below 180° F. produced a mix that was stiff and
vary difficule to work, especially as a beginning load. Interim loads of

mix between 170° - l&ﬂu were successfully placed with s heated screed.

Higher mix temperatures greatly enhance the workability of the materials,
but excessive temperatures will cause asphalt migration in the mix during
transportat lon and even after the mix has been processed through the lay-
down machine. Maximm mix Cemperatures permissable are peculiar to the
aggregate concerngéd, gradation of the aggregate, and the hot bin wmolsture
content. Generally the maximum temperature limit during this phase of
construction was 215° F. at the plant and a 10 to 15° loss during the

35 mile haul from the plant to the road,

....12--




garogate Displacement:

fElftlt the placement of the Stringtown material in the Phase I con-
on, traffic was placed on the newly laid mat at an exit ramp. The

lting aggregate pick up created a considerable amount of excitement

o ;ill partios concerned. Phase I] construction on the thru lanes was
duled to begin the next day, & Friday. The contractor agreed to apply
.{; lime slurry on this Fhase I area to mask the adhesiveness of the
fy'l surface of the newly placed mat. This proved to be of little help
BT than cooling the mat to allow sufficient rolling prior to opening to

L=

Phase 11
+ Description and Purpose:
.ll 11 Construction wvas comprised of three separate Cest sectiona on the
ru Lanes of three different fresways, utilizing a different aggregate in
i test section., Each test section waas approximately one mile long, four
lanes wide and usually included [our rasps. The surface overlaid ac each
5}_ tion was a [ine graded asphalt pavesent with very little remaining

Ei-- ace Lexture.

The letting of this contract was scheduled, such that, Phase II construction
was performed during the summer months of 1973. Upon completion of Phase II
construction, work on the project was suspended and the test sections were
observed until the following spring. At the end of this observation period
the Texas Highway Department, with FHEA concurrence, reserved the option of
selecting the aggregate or sggregates to be incorporated in the Phase III

congtruction on the remaining sixty-seven lane miles of freeway to be ower-

laid under this contract.
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B. Tack;

The roadway was cleaned by sweeping with a self propelled rotary broom supple-
mented by hand brooming putter lines when necessary. The Tack Coat was
applied at 0,05 gallon per square yard and rolled with a Light pneumatic rollef
until it broke. Application rates of this magnitude on [ine textured sur-
faces cavsed signliicant traction problemsa [or the laydown machine. The lay-
down sachine was incapable of developing ecough traction to push the batch
trucks up grade. Rather than reduce the application rate of the tack, small

amounts of grit and aggregate were lightly distributed in the track line of

the laydown machineg.

C. Asphalt C

Four approximately equal sections of mix containing asphalt contents of 6.2,
6.7, 7.2 and 7.7 percent by weight (14.5, 15.5, 16.5, & 17.5% by volume) for
both nmatural aggregates were placed. Three approximately equal sections of
mix containing asphalc contents of 10.0, 10.5 and 11.0 percent by weight
(15.7, 16.4 & 17.11 by volume) for the Eastland Lightweight Aggregate were
placed., The higher asphalt content for each aggregats exhibited slightly
better workability. Ho other advantages associated with asphalt content were
apparent during placement. Evaluation of the test sections after the obaer-
vation period have shown no significant difference In any of the designs.

U, Jemperatule:

From the msaintenance expeérimental project and Phase 1 of this project, mini-
mum desivable mix teEperatures were sstablished, Also the maximum tempera-

tures were assumed to be that temperature at which asphalt migracion occurred
in the hauling vehicle. Phase I1 of this contract presented the opportunity
to verify thess maximum temperature limits. The temperature range of 180° to

215° ¥ was rigidly adhered to during Phase IT construction on I 30 and I 3%,

- |k =




temperatures of 235 F were required by the Resident Engineer for

sortion of the Phase 11 construction of IH 20 where Rhyolite was being
d. HMigration of the asphalt in some of the hauling vehicles was exper-
d at this temperature, and the maximum permissible temperature was
d to 225° F. With mix temperatures of 225° F only isolated cases of
sphalt migration durlng transportation occurred, and the amount of migra-
flon was greatly reduced; but this temperature still produced spotted flush-
in the surface of the mat after two or three days under traffic. The
temperature was reduced co 215° F, At chis mix CEMpETACUTE DO
halt migration during transportation was evident, but occassional spot
flushing still occurred Lln the surface of the mat, Since the other natural
gregate produced little to no spot flushing when placed within the 180 to
215" F temperacure range, we surmised that different aggregate-asphalt mix
 temperature ranges may vary slightly.
'E. Molsture and Stabilicy:

b
.'_H!I.lr.un presents less of a problem when natural aggregates are being used

‘#ince the moisture is more readily removed from natural aggregates during the

'I*.l:rm: process than from lightweight aggregates. Therefore, moisture has less

effect on the stability of natural aggregate mixes.

When utilizing lightweight aggrepates the stockpile and hot bin molscture
contents should be given particular consideration. Firset, stockpile moistures
commonly approach and exceed 20%. Remowing all of this moisture during nor-
mal drying processes is impractical if oot ispossible due to the cellular
structure of lightweight agpregates. It is oot uncommon to have hot bin

‘moistures between 5 and § percent.

Bot bin mwolstures above 51 tend to cause the mix to lose temperature vapidly,

and to be tender for a longer period of time, When traffic i{s placed on a

..IE‘.




lightweight mat with high molsture contenkt, the asphalt isn't progresaively
worn from the aggregace surface, but rather pulled from the top of the aggre-
gate by individusl wheel contact., This characteristic of high moisture com-
tent mixes contributes te subscantial aggregate pick up when the mat is
opened to traffic. While che sac is stabllized by low ambient Cemperatures,
a mix with high soisture content will remain tender even when the amblent
temperature is BO® F. Therafore, when mixes containing excessive molature
are placed, some medns of winimizing aggregate pick up should be employed.

F. Rolling:

During Phase II of this contract initial rolling was performed with a 1%

ton tandem steéel wheel roller. Interim rolling was performed with a light
pnsumatic roller. Finish rolling was perforeed with & 10 ton tandes ateel
wheel roller. The above rolling procedurs was followed during conscruction
on I 35W. The advantages versus the dimadvantages of pneumatic rolling in
this project were very controversial and indeterminate. The pneumaiic

roller caused aggregate pick up during high ambient temperatures or when
rolling a8 lightwelght aggregate mat with & high moisture content. Water-
soap solutions of warious atrengths were tried in the water tack of the
poeusatic roller, The soap solutions were ineffective in preventing aggre-
gace pick up, Pneumatic rolling in this project was discontinued after com-
pletion of Phase II constructionm.

G. Limewater versus Aggregate Pick Up:

The amount of aggregate plck up experienced when traflfic is placed on a cender
mik, in many cases, is not sufficient to consticute damage Iin the surface
qualicy of the mat, The amount of aggregate pick up may present a hazard to

the travelling public as flying rock. This condition is most apt te occur

with fast traffic when amblent temperatures are sbove 90° F. This problem

- 16 -




iy be helped by not opening the new surfsce course to traffic until it has
jen adequately cured and the surface temperature is below 115° F. Prolonged
slling at high surface temperatures has little effect in decreasing aggre-

pick up by craffic,

most effective seans found co prevent aggregate loss was casking of the
,'I' sesive traffic surface. This was accomplished by applying a 2k% lime-water

_ ution afcer rolling was completéd. The lime water permitted traffic to

o
o

..
pick up, This method of stabilizing the mat was used when restricting traf-

mray the asphalt from the surface without causing significant aggregate

flec usage for prolonged periods was Impractical.
Ramps:°
The sequence of material placemsnt was performed In cthe vsual accepted mannar.
Iur- thru lanes were overlald {irst with the ramps and acceleration lanes
postponed until the last. The ramps were overlald with considerable hand
‘work ad jacent to the thru lanes and placed machine widch on the frontage
road end with the additional width removed. The placement of machine width
_-H. removal of the extra widcth did not negate hand wvork in that area, buct it
did minimize ict. Had ramps been overlaid at the beginning, machine width
I pould have been placed adjacent to the thru lanes also, chereby further re-
ducing hand work. Prior to rolling, the extra material was easily removed
with a small "Bob Cat" wize front end loader. Materials that had to be re-
* moved after compaction were more difficult to remove and a neat line had to
~ be cut with a cutter wheel mounted on the moldboard of a maintainer.
1. Joints:
Attaining acceptable transverse or longtudinal joints presented some peculiar
problems. Transverse |oints at the beginning of the day were attempted

- with & machine that was completely cold except for the screed. This tended

- 17 =




to cool the mix and cause it to be stiff and umeorkable and the material

was prone to tearing and pulling. These difficulties were reduced by coating
the screed with silicone. Interim transverse Joints constructed during the
day were accomplished with greater sase because of the heated [Inishing

machine,

Longitudinal joints are best constructed by utilizing automatic screed con-
trols and exactly matching the existing mat with abutting material. When

over-riding of the existing mat occurs, as with more common mix designs, tche

over-riding aggregate is pulverised producing a ridgelike deformity ac the
joint. This pulverized material can not be removed by a raker as is done
in more conventional mixes.

J. ABEregates:

Each aggregate used in Phase 1] construction possessed some minor peculiar
characterisclica, but none of the aggregates used offered any substantial
advantage during the placement operations.

K. Evaluation & Concluslons:

The District Laboratory Englneer used five different tests to help evaluate
the merits of each aggregate used. These rests wera:

l. A modified silicone putty texture test

2. A wodified outflow meter cest

3. A modified sand Eexture test

4, B&Skid traller tests

3, GBtereoscopic plctures for evaluation of skid factor
The silicons putty test inicially used the standard 4" plate, which was
inadequate due to the deep texture of the Plant Mix Seal Coat. The silicone
putty tesc was modified by enlarging the plate to 7" and tripling the voluma
of putty. (Figure 1). This modified test was successfully used in eval-

vating the texture only. (Figure &4).

..13-.—
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The water outflow test (Figure 5) also reaquired modification due to the
magnicude of the voids in the completed matarial. Tha high percent of wvolds
caused the water cylinder to empty abruptly. Times were running from 0.2 to
0.4 seconds. The equipment was modified to add a k" foam rubber gasket 12"
in diameter next to the pavement with a 5" steel plate placed over the gasket.
Both the gasket and the plate had a 4" hols to allow water to flow from the
cvlindar. The gasket was to form a better seal between the surface and the
c¥linder and thus provide a measure of the internal voids. These cescs

indlcaced little difference in the three different materials. (Figure &).

The sand patch test (Figure 7) is a varlation of the THD test method Tex-436-A
"Measurement of Texture Depths by the Sand Patch Method." This test was
modified by using three times the standard amount of sand. This test was a
comhination of the first two tests in that it not only measured the surfiace
texture but also the intermal woids to some extent. This test showed no

lilniﬂ.unt difference between the aggregatss (Flgure B8).

The fourth, and probably most significant of the tests, was the use of the
THD Skid Trailer (Figure 9). The results of this test showed there to be a
slgniflicant difference in one of the materials uvsed in Phase 1 and [1. The
Scringtown Limestone appeared to drop below a8 skid number of 35 at about &

million wehicle passes (Figure 10)., Based on this information it was decided

to enter Phase ITI without Stringtown Limestone. A synthetic lightweight

produced by Superock, Inc. from near Scroetman, Texas was substituted for

this limestone.

Stereoscopic pictures were taken of the pavement surface. The Research

Section of Division 10, THD, is comducting a study to determine if skid
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resiscance can be measured from plctures, (Figures 11-12),

B, PHASE II1 CONSTRUCTION

A. Description:

Phase II1Tl constrtuction on this contract was comprised of 67 lane mllea of
overlay on IH 30, IH 20, and TH 35¥ Freeways in Fort Worth. Based on the
aggregate performances, the Texas Highway Department, with Federal Highway
Administration concurtence, decided to use Rhyolite, Eastland Lightweight

and to substitute Superock lightweight for the Stringtown limestone.

Prior to begloning of Phase TII constructlon the contractor relocated hia
asphalt plant closer to the project. The maximum haul afrer relocation was
approximately eighteen miles.

B. Placement:

Phase 111 consatruction by special provision was required to begin no later
than May 1, 1973. The Texas Highway Department and the contractor agreed to
begin construction April 15, 1973. The early morning ambient temperatures

of 60° F + caused chilling and stiffness of cthe mix, The contractor tried

to correct this situation by later morning starts, throwing out the lumps of
cold mix, continuous heating of the screed, and silicone. None of these
significantly alleviated the problem, Work had to be suspended on the proj-

ect untl]l the contractor insulated his bateh trucks.

The insulating of the trucks was accomplished by using 6" rock wool sheeting
compressed between the sciffeners of the truck bed and covered with 3/4" pl
wood, The plywood was well secured in place by bolting thru the bed walls,

This was done on the two sldes, the bottom, and across the cail gace,
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Work resumsd with insuvlated, tarped batch trucks and sacisfactory results
were attained. When the ambient temperature reached 90° F, two trucks were
left untarped and chilling of the mix occurred. Thereafter the trucks were

tarped for the remainder of the project.

Also during the Inicial comstruction of Phase I1I, a short section was over-
laid with a mat depth in excess of two inches. The Texas Highway Department
consldered requiring the contractor to remove And Teplace this material, but

declded to leave it for observation. This mac has not corrugated, taveled,

or otherwise moved., Therefore, further overlaying of the Plant Mix Seal Coat

with another course now appears feasible,

The lower ambient temperature also contributed to higher yield requirements
due to the decreased workability and Llncreased tendency to tear in thin mat
placements. As Phase [11 progressed Into the summer, the much higher amblent
temperatures enhanced the thin mat placement and ylelds generally improved.
But, the higher ambient temperatures resulted In prolonged higher mat tempera-
turee, thereby requiring masking of the surface when immediate traffic
ubllization was consldered necessary.

C. Rolling:

Rolling during Phase III was performed with a 15 ton tandem steel wheel as a

break down roller, and with a 6-8 ton tandem steel wheel as a4 finish roller.

Each of the tandem steel wheel rollers made only one pass. Rolling from the
low slde to the high side served no useful purpose since no mat movement
occurred nor did any significant break down occur. Rolling, while mandatory,

ls performed to key the aggregate together and not for densification as such,

During Phase IIT construction five loads of mix with approximacrely 500 plus
3/8" material were used in an emergency situation. Thils material performed

comparably to materials conforming to the gradaction requirements.
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d Skid Reslacance:

dndicate that the skld value for the freevays overlaid was improved by
Plant Mix Scal Cost. It also is believed that hydroplaning has been

if not eliminated in chese secclons. In one test sectlon, accldents
reduced by 1BX.

Placement on Ramps:

1y afrer the Plant Mix Seal Coat mat was placed on some circular ramps
‘short radil of laess than 150", the matc began to corrugate and ravel

f traffic. This is not an unusual problem with asphaltic overlays; how-
f, where this happened with Plant Mix Seal Coat, it happened almost immed-

iy, 1t is felt that Plant Mix Seal Coat requires wore curlng time to
- .

B an acceptable road sctability than convencional mixes, Therefore, om
- Tadii ramps or stop and start conditions, more curing time must be

i or & mix containing more finmas must be used,

"  pemoval of Plant Mix Seal Coat was found to be necessary it was besc
omplished with a maintainer with 2n ice blade sttached to the center

t of the moldboard with the cutting edges removed from the resainder of
. dboard, With this arrangement, care is necessary to prevent damage
ﬁ unprotected portions of the moldboard,

0. Spalling:

'_ mlling of the mat does mccur at many of the underlying pavement jolnts,
i armor joints, and other types of expansion joints. The Planc Mix
@il Coat mat spalls back, exaggerating the joint and causing a poor riding
rface. Thess have beon successfully repaired by maintenance using a low

tration asphalt and & clean Bggregate to rebuild these small areas.
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D, Water Hectentiom:

The high percentage of woids in the mat are directly responsible for pro-
longed retention of moisture after a rain. This water retention may contri-
bute to roadway deterioration when the facility isstructurally unsound and
is in need of waterproofing. The ldentificacion terminmology of "Plant Mix
Seal Coat" is a4 misnomer in that it does not seal the surface and should

not be used over an open surface. After a mormal rain, water can be found

in the pavement for as long as five days.

This project contained one small area where the presence of water is prevalent
due to slope seepage. The prevalence of water during rainy seasons has
caused some stripplng of aggregates in this small area.

E. Flushing and Corrective Measures:

Spot flushing of asphalt occurred in the surface of the mat in the Rhyolite

mix and in the Eastland lightweight mix. This [lushing was minimized by
controlling the mix cemperature. Even with rigid control of mix temperatures
gome gpot f[lushing occurred. A plausible explanation for this flushing

could be a change in the gradation of the aggregates.

10, CONMCLUSIONS AKD RECOMMENDATIONS

A. Restricted Uses:

This ctype of open frictism course should not be used &5 & seal or water-
proofing course, or directly on flexible hase roadways. Also due to its
wvatar retention properties, it should not be used on structurdally unsound
pavements. This type of mix design should be utillzed &5 & surface course

where improved skid value and lessening of hydroplaning is desirable.

Since Plant Mix Seal Coat mixes are not saslly hand worked and variable

width areas are not conducive to high qualicty construction, these mixes are

easier used where laying operations can be performed with a laydown machine.
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B. Warm Weather Placement:

Minimum ambient temperatures of 60-70° are mandatory for placement of a
Plant Mix Seal Coat and warmer amblent temperatures are desirable for satcis-
factory results, Therefore, using this type of mix should be restricted to
a five month period from approximately May 1 until October 1. When the mix
is placed during these higher ambient temperatures the mat does not attain
acceptable stabilicies after a short curing period, and artificial masking
of the driving surface may be necessary If the mat camnnmot be cured until
evening hours when temperatures are lower. This artificial masking may be
accomplished with 2-3% lime water solution applied with a water truck,

C. Instabilicy:

The inicial instabilicy of this mix doss oot present any problesms that cannot
be owvercome when placed on tangential sectlons or relacively flat curves,
but in areas subjected to repeated laterial stress, inscability is directly
responsible for corrugating and raveling.

D. Tack:

There Are proponents advocacing or recossending that tack be omitted when
placing Plant Mix Seal Coat cype mixes. Strictly based on experience during
this project, tack appeared to be desirable, The tack used in this project
was RC-2 applied at 0.04 to 0.05 gallons per square yard, With this surface
preparation, the Plant Mix Seal Coat was well anchored as determined during
material removal from circular ramps,

E. Gradation:

During this project it was concluded that aggregate tolerances greater than
those specified in this project will produce sarisfactory resules, but grada-
tion control should be performed at a polat other than the stockpile due to

degradation of materials during the processing operation, A suggested

gradacion is:
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Retained on 5/8" sieve i
Retained on 1/1" sieve 0-5
Retained on 3/8" sieve 20-50
Retained on No. & sleve 92-100
Retained on No. 10 sieve 96-100

F. Placemgnc Depth:

This type of mix is receptive to thin 1lifc placessnts and say be placed in
3/4" 1ifts when the ambient temperature is 90° + and the surface to be over-
laid is uniform. Also, as previously noted, this mix design may be placed in
1ife depths encompassing two or more aggregate layers wlithout experiencing
any movement due co craffle.

G. Durability and Maintenance:

Plant Mix Seal Coat mats are susceptible to damage during automobile accidents
from sharp cutting edges and from petroleum distillate spills. Also, the
spalling ac joints and wide cracks requires maintendnce, These are sasily
corrected with hot patches utilizing low penetration asphalc patches. The
mat is otherwise durable and not subject o hot weather bleeding 2s is common

with penetration courses.

Btriplng of this type mat should be performed after it has been under traf-
fic for approximately two days. 1If the stripe is applied shortly afrer mat
placement, It will disappear almost ismediactely as the traffic wears the

asphalc from the aggregate surface.

The polish value test should be performed as a job control test onm all natural
aggregates racther than for source approval.

11. SIMARY

Open graded friction courses appear to be a feasible and practicable solution
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in rectifying the hazardous comdition of polished aggregates in existing
pavement surfsces. This solution {s applicable, during warm weather, to

thru eraffic facillicles chat are waterproof and structurally sound.






