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The information set forth in this chapter, including but not limited to all technical and 

engineering data, figures, tables, designs, drawings, details, suggested procedures, and 

suggested specifications, is intended for general information.  While every effort was 

made to insure accuracy, this information should not be used or relied upon for any 

specific application without independent competent professional examination and 

verification of its accuracy, suitability, and applicability.  Because material, weather, road 

surface problems, and other site- specific conditions may vary, this general information 

should not be used or relied upon as accurate, adequate, or suitable to produce a desired 

result at a specific site.  Anyone using this material does so at his or her own risk and 

assumes any and all liability resulting from such use.  ESCSI disclaims any and all 

express or implied warranties of merchantability fitness for any general or particular 

purpose, or freedom from infringement of any patent, trademark, or copyright in regard to 

information or products contained or referred to herein. 

 

For the purposes of this manual, the term ESCS means expanded shale, clay, and 

slate lightweight aggregates.  ESCS is a unique, ceramic lightweight aggregate 

prepared by expanding select minerals in a rotary kiln at temperatures over 1000º 

C. 

 

All rights reserved.  No part of this book may be reproduced in any form without written 

permission from ESCSI. 
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PREFACE 

This manual was prepared to provide technical assistance to the user, producer and sales 

engineer of Expanded Shale, Clay and Slate (ESCS) aggregates.  It was also prepared to 

assist engineers, educational institutions and government organization involved in the 

design and construction of asphalt pavement systems. 

 

Although there are basic similarities in asphalt paving technology, there are wide spread 

differences in the geographical practices.  Therefore, the information supplied in this 

manual is usually stated in general terms.  It is, therefore, necessary to exercise judgment 

in selecting, using, and applying ESCS aggregate.  Proof of excellent service of ESCS 

aggregate in pavement application has provided assurance for more than three decades. 

 

The recommendations in this manual are based on findings reported in industry literature, 

laboratory experiments, extensive field trials, thousands of miles of regular contract 

construction, and the considered judgment of the author. 
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Chapter 14 Asphalt Pavement Systems 
 

14.1 Introduction 

 

For the purposes of this manual, the term ESCS means expanded shale, clay, and slate 

lightweight aggregates.  ESCS is a unique ceramic lightweight aggregate prepared by 

expanding select minerals in a rotary kiln at temperatures over 1,000º C. 

 

The expanded Shale, Clay and Slate Institute (ESCSI) produced this reference manual to 

provide an educational reference for ESCS aggregate producers and users in the asphalt 

pavement market.  This manual serves to educate and guide designers, engineers, 

students, government agencies, and contractors on the advantages, applications, and 

performance of ESCS aggregate.  It is especially useful to designers and contractors who 

are specifying and using ESCS aggregates for the first time and need guideline to assure a 

successful project. 

 

This manual will be particularly valuable to government agencies responsible for the 

preparation of pavement designs and material specifications.  The design engineers 

responsible for the introduction and proper use of such materials should also find this 

manual helpful. 

 

What is more important however, are the public safety benefits of ESCS aggregates that 

produce long-lasting, high-friction surfaces that are economical, easy to construct, 

durable, and have a proven performance.  Properly designed and constructed ESCS 

pavement surfaces retain frictional properties (high-friction resistance) for the life of the 

surface even under heavy traffic. 

 

Although the information in this manual is current and factual, there are specific 

differences associated with given materials, environments, and services that require 

engineering judgment, and construction control to produce a quality job.  (Indeed, this is 

true for any quality produce, whether it is a pavement, bridge, or sky scraper). 

 

The physical properties for ESCS aggregate will vary because they are manufactured 

over a wide geographical area.  For precise information on mix design, unit weights, and 

other physical properties of a particular ESCS material, consult the individual expanded 

shale, clay or slate producers.  ESCS is available throughout the United States, Canada 

and much of the world. 

 

ESCS‘s low-unit weight require bid forms, bid evaluations, and mix designs to be 

adjusted or converted to include an equivalent volume measurement rather than by only a 

weight measurement.  This requirement keeps all materials on an equal competitive basis 

by correctly adjusting for the large difference in yield, caused by ESCS high volume to 

weight ratio. 
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14.2 ESCS Aggregate Industry Overview 

 

History and Properties 

 

How it started: Stephen J. Hayde, a contractor and brick-maker from Kansas City, 

Missouri, is universally recognized as the founder of the ESCS aggregate industry.  Like 

many industrial pioneers, he got his start in 1908 by trying to solve one problem and 

ended up solving another problem of even greater magnitude.  A problem of the industry 

for centuries had been the excessive bloating of some of the brick as the shale expands 

when subjected to high-heat during the burning process.  It occurred to Mr. Hayde that 

the lighter bloated material, which was discarded, had the three essential characteristics 

for a structural lightweight aggregate; a) non-interconnected air voids, b) impermeable, 

glass-like matrix, and c) significantly less density than conventional aggregates. 

 

His reasoning, which was later borne out by practical experimentation, was this aggregate 

could substantially reduce the dead-load of concrete structures, and thereby economically 

solve engineering problems.  In 1918 Mr. Hayde was granted a patent under the name 

Haydite for producing expanded shale, clay, and slate lightweight aggregate by the rotary 

kiln method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.1.  ESCS Lightweight Aggregate is produced in 

varying gradations and textures. 
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How it is made: ESCS is manufactured in a controlled environment by applying heat to 

certain raw materials.  The raw material (highly siliceous clay, shale, or slate) is 

introduced into a rotary kiln, similar to the type used in the portland cement industry.  As 

it passes through the kiln, the material reaches temperatures greater than 1000º Celsius 

and begins to turn plastic.  Internal gases cause the material to expand (bloat) and create a 

mass of small air cells retained after the material cools and solidifies.  After leaving the 

kiln, the material is cooled, crushed and graded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.2.  ESCS Aggregate offers more than twice the 

Volume for the same weight of conventional material. 

 

Aggregate properties: The aggregate particle is a uniform, high-quality product that is 

structurally strong, stable, durable, and inert, yet also light in weight and insulative.  The 

surface of the ESCS particle is vesicular and more textured than natural stone which 

provides increased stability and friction for asphalt pavements.  Many ESCS 

manufacturing plants crush oversized material to meet gradation requirements (Fig. 14.1).  

Crushing partially determines the surface texture and, to some extent, the particle shape. 
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The aggregate particle size and shape are important for chip seals, surface treatments, and 

plant mix applications.  An excess of flat and elongated particles, or particles with sharp 

corners of projections are undesirable. 

 

Depending on where it is manufactured, the unit weight of ESCS is generally half the 

weight of conventional material (Fig. 14.2) and ranges from 30 to 65 lbs/ft³ (700 and 

1000 kg/m³).  The maximum size of ESCS aggregate is normally 3/4 inch (19 mm) to less 

than 1/2 inch (12.55 mm) varying somewhat with the manufacturer. 

 

 

The specific gravity of the dry ESCS aggregate is approximately one-half that of 

conventional aggregates.  Asphalt pavement and structural lightweight concrete mixes 

made with ESCS aggregates are generally 25 to 40 percent lighter than conventional 

mixes. 

 

ESCS is used in the generic sense regardless of which raw materials were actually used in 

manufacturing.  In general, there is no distinction between the physical properties of 

asphalt or concrete mixes made with expanded shale, clay, or slate aggregates. 

 

Where ESCS aggregate is used 

 

It is interesting that an industry so closely identified with skyscrapers, long-span bridges, 

long-term durability, and life safety entered the market through concrete oceangoing 

ships in both World War I and II.  The first large-scale commercial projects using ESCS 

began in 1918 with the construction of several large concrete ships made for the United 

States Fleet Corporation. 

 

For nearly a century, ESCS has been used successfully around the world in more than 

fifty (50) different types of applications.  Among the most notable are the concrete 

masonry, high-rise buildings, concrete bridge decks, precast and prestressed concrete 

elements, asphalt road surfaces, soil conditioner, and geotechnical fills.  ESCS gives 

designers greater flexibility in creating solutions to meet the challenges of dead load, 

terrain, seismic conditions, construction schedules, and budgets. 

 

A World of Uses 
 

SmartWall® High Performance Concrete Masonry 

 Concrete Masonry Units (CMU‘s) above and below grade 

 Architectural units (split face, colored, etc.) 

 Larger CMU‘s (8‖ x 8‖ x 24‖, etc.) 

 Prison Construction 

 Concrete brick (all shapes and colors) 

 Segmental retaining walls 

 Privacy fences and sound barrier walls 

 Sound absorption walls 

 Other (pre-cast lintels, loose fill, core insulation, pavers, patio units, etc.) 
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Asphalt Pavement (rural, city and freeway) 

 Surface treatments (chip seal, seal coat, etc.) 

 Plant mix seal overlay and open-graded friction coarse 

 Hot mix surface coarse 

 Micro-surfacing (slurry seal) 

 Cold mix (pothole patch, minor repairs, etc.) 

Structural Concrete (including high performance) 

 Floors in steel frame buildings (fill on metal deck) 

 Precast and prestressed elements (beams, double-tees, tilt-up walls, raised access 

floor panels, planks, hog slats, utility vaults, pipes, bridge decks, ornamentals, 

etc.) 

 Concrete frame building and parking structures (all types, including post-

tensioned floor systems) 

 Floating docks, boats and offshore platforms 

 Bridge decks, piers and AASHTO girders (prestressed, post-tensioned and normal 

reinforcement) 

 Topping over precast concrete 

Geotechnical 

 Waterfront structures 

 Landscape and elevated plaza fills 

 Bulkheads and retaining walls 

 Structural repairs and rehabilitation 

 Fill over poor soils and marshlands 

 Insulating backfill and insulating road base 

 Shallow foundations 

 Enveloping underground conduits and pipelines for insulations or when in 

unstable soil conditions 

 Landfill leachate drainage systems 

SOILMatrix™ Horticulture Applications 

 Green roof (intensive, extensive) 

 Bioswales 

 Soil conditioner (planting, golf greens, potting soil, etc.) 

 Soil conditioner for sports fields (baseball in-fields) and dirt tracks (running, bike, 

horse, stock car) 

 Ground cover (decorative and insulating) 

 Herbicide and fertilizer carrier 

 Hydroponics 

Specialty Concrete 

 Topping on wood floor systems 

 Roof fill for flat roofs (insulation and slope) 

 Insulating fill around temperature sensitive elements 

 Bagged concrete mix 

 Cement wallboard 

 Artificial stone 
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 Refractory (fireplace logs and boxes, chimney liners, etc.) 

 Insulating refractory for industrial uses in kilns, boilers, stacks, petrochemical 

refining, etc.) 

 Ferrocement and shotcrete 

 Animal and environmental structures (sewage treatment, etc.) 

 Lightweight concrete roof tiles 

Miscellaneous 

 Grog for clay brick 

 Coverstone and ballast on built-up roofs 

 De-slicking/traction grit for icy roads 

 Medium in wastewater treatment and water filters 

 Fire protection for impermeable plastic liners 

 

14.3 ESCS Aggregate in the Asphalt Pavement Market 

 

Usage: All types of asphalt roads (rural, city, and freeways) have utilized ESCS with 

proven performance.  First introduced to the asphalt market in the mid-1950s, ESCS is 

currently used in more than 20 states and on more than 3,000 miles of road annually in 

the United States alone.  The total installed costs of ESCS are competitive with those of 

normalweight aggregates, yet with additional advantages. 

 

Although ESCS is primarily used in Chip seals and surface treatments, ESCS works 

extremely well in an open-grade friction course (plant-mix seal overlays), hot-mix 

surface course, micro-surfacing, slurry seal, and cold-mix (pothole patch). 

 

Civil engineers may also be interested in other highway uses of ESCS aggregate; for 

example, lightweight-concrete bridge decks and structural elements, lightweight 

geotechnical fill, pipe bedding, drainage medium, and mechanically stabilized bases.  

Contact the Expanded Shale, Clay, and Slate Institute for additional information. 

 

Background:  ESCS was first used extensively as a Coverstone for seal coats and surface 

treatments in Texas.  The Texas Department of Transportation (TXDOT) was searching 

for a Coverstone that would adhere to asphalt under normal construction procedures and 

at the same time would not damage automobile glass if thrown by traffic.  Traditionally, 

pre-coated crushed stone (treated with 1 to 2 percent asphalt in a pug mill) was, and is 

still, used with some success to satisfy these demands.  However, even under the best 

construction controls, some pre-coated stone, or any Coverstone for that matter, if left 

loose on the road surface, can cause vehicle damage.  In contrast, ESCS aggregate was 

found to adhere to the asphalt better and does not damage windshields, headlamps, or 

paint.  During the TXDOT‘s search for Coverstone, a revolutionary side benefit was 

discovered.  Under medium to heavy traffic, ESCS aggregate does not polish like pre-

coated crushed limestone. 

 

ESCS aggregate is specified for coverstone on jobs in several districts in Texas with an 

option for conventional stone sometimes included.  The following data from the TXDOT 

covering 1980 to 1996 specifies the use of ESCS lightweight aggregate in asphalt 
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pavements.  Currently, approximately 400,000 cubic yards of ESCS aggregate are used 

annually in Texas, primarily for seal coats (chip seal), with lesser amounts used for hot-

mix, open-graded friction course, slurry seal, and pothole mix. 

 

The 1979 to 1996 TXDOT data reveals the following: 

 

a) In 1990, approximately 700 miles of the Brownwood (Texas) District‘s roads 

were seal coated with ESCS aggregate.  The average daily traffic varied from 

approximately 700 to 14,700 vehicles.  Interstate Highway 20 carried the most 

traffic, with 14,700 vehicles per day, 28% of which were trucks. 

b) The TXDOT used the same cover material application rate for ESCS aggregate as 

normally used for Type B aggregate (crushed gravel, crushed slag, crushed stone, 

or natural limestone asphalt rock).  The aggregate application rate varied from 

125 to 130 square yards per cubic yard.  (For ESCS that equals 9-14 lbs/yd², for 

Type B aggregate that equals 20 to 23 lbs/yd²). 

c) For the 1990 and 1991 seal coat (chip seal) season, the cost of uniformly graded 

(essentially 1/2 inch to No. 4) ESCS aggregate seal coat averaged $0.54 and $0.46 

per square yard, respectively. 

d) The Brownwood (Texas) District placed 1,700 miles (more than 3,400 lane miles) 

of ESCS seal coats. 

e) The state of Texas placed 15,484 total lane miles of seal coat (chip seal) in 1996 

at a average cost of $0.98 per/yd².  Approximately 30% was placed with ESCS 

aggregate. 

 

Industry direction:  ESCS aggregate use in the asphalt market has been steadily 

increasing for several reasons: 

 

a) Public safety: State and Federal highway agencies, insurance companies, 

consumer safety groups, and the general public are increasingly emphasizing the 

need for safer, longer-lasting road surfaces that maintain a high-friction surface 

course to minimize wet-weather accidents.  The steady depletion of local quality 

aggregates that do not polish also compounds the problem of building safe, 

economical roads. 

b) Automobile damage: Automobile damage remains a constant problem for DOT 

personnel and the public who are tired of damage to automobile windshields, 

headlamps, and paint. 

c) Economies: Tight budgets are causing local, state, and Federal Transportation 

Departments to look for more cost-effective road surfaces that last longer and 

perform better. 

d) Higher safety standards for all highways:  Federal funds are available to states for 

safety improvements, including low-friction pavements.  FHWA can also fund 

maintenance activities. 
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14.4 The benefits and physical characteristics of ESCS asphalt pavements 

  

 High Friction resistance - public safety 

 

The skid resistance of a pavement surface is extremely important.  State highway 

agencies across the nation are critically aware of the skidding potential of low-friction 

pavement surfaces and have prepared special specifications that put rigid limitations on 

the use of certain polishing type aggregate.  In general, not more than 25% of the total 

aggregate in the surface layer of the pavements can be of the polishing type.  Some states 

have ruled out polishing type aggregates altogether. 

Skidding accidents will continue to increase as traffic volume increases unless prolonged 

high-skid resistance is built into road pavements.  Many pavements made with 

normalweight aggregates (especially aggregates using limestone, dolomites, and some 

gravels) polish or become slick under traffic and lose a large percentage of their initial 

skid resistance. 

 

The Federal Government's safety improvement program provides financial assistance to 

states for up-grading the friction coefficient of roadways where skidding-type accidents 

can be attributed to slippery pavement.  ESCS aggregate and some normalweight 

aggregates assure improved skid resistance. 

 

Certain normalweight aggregates have been used to produce friction resistant surfaces by 

two different mechanisms:  (a) using materials such as sandstone and other non-polishing 

materials that abrade under traffic.  The skid resistance, or surface renewal is maintained 

by the continual wearing down of the aggregate; (b) using fine-graded aggregates 

composed of approximately equal parts of very hard material and softer material.  In this 

case, surface renewal occurs by different rates of wear, making it suitable for the lower 

speeds of residential and most urban traffic. 

 

When ESCS lightweight aggregate is used in the surface course, the pavement maintains 

its high initial skid resistance (wet or dry) throughout its service life.  The aggregate does 

not polish as it wears because the rough micro-surface texture of ESCS is constantly 

maintained as fresh interior cells with tough ceramic-like edges are continually exposed.   

Surface treatment composed of ESCS coverstone (½ inch to No. 4 size) produces values 

of wet coefficient from 0.5 to 0.6 at 50 mph.  Neglecting the possibility of a flushed 

asphalt surface, the friction values are essentially maintained for the life of the surface. 

 

Plant mixes of asphalt paving material with as little as 50 percent (by weight) of ESCS 

lightweight aggregate have measured an average wet coefficient of about 0.5 (at 40 mph) 

when first constructed.  This wet coefficient value can be expected to increase with 

service and age.  This improvement in skid resistance occurs when normal wear of the 
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surface exposes the ESCS to the tire contact area.  The surface, in effect, is etched by 

traffic wear and can eventually attain a coefficient of friction approaching 0.6. 

 

The bleb (bubble space) structure of ESCS gives it a high friction value of lasting quality.  

The blebs are evident on the crushed face of a piece of ESCS and persist throughout the 

particle.  The rubber of a braking vehicle tire engages the exposed cavities, creating 

friction or stopping ability.  Although there are other ways to make pavement skid 

resistant, it is doubtful there is a more simple cost effective method.  Properly designed 

and constructed flexible pavements that utilize ESCS aggregate offer ample skid 

resistance throughout their service life.  Thousands of skid measurements made on 

hundreds of miles of lightweight aggregate seal coats constructed in Texas over the past 

20 years attest to the prolonged friction resistance of ESCS.  Several TXDOT districts 

have prepared special plant mix specifications that include ESCS in the coarse fraction of 

the aggregate skeleton, specifically for improved skid resistance. 

 

The following quotes are taken from Research Report 490-2 ―Implication of Aggregates 

in the Construction and Performance of Seal Coat Pavement Overlays”, Center for 

Transportation Research, The University of Texas at Austin, 1992. 

 

―Adequate frictional performance of seal coats is achieved mainly by the selection of 

satisfactory aggregates, by the use of properly designed application rates of asphalt and 

aggregate, and by assuring a careful quality control of construction operations.‖ 

 

―It has been accepted worldwide that, for a natural aggregate to have high, prolonged 

frictional resistance, it should be comprised of sand-size hard grains weakly bonded in a 

softer matrix so that differential wear occurs exposing the hard grains.  Generally, it has 

been proved that sandstone aggregates with high polish value (PVs) have high, long-

lasting frictional resistance, whereas carbonate aggregates with low PVs such as 

limestone and dolomites and some siliceous gravel lose their initial frictional resistance 

rapidly under traffic exposure.  On the other hand, synthetic aggregates, particularly 

lightweight aggregates [ESCS], have proven to be highly superior to most natural 

aggregates in terms of maintaining comparatively highly favorable frictional resistance.‖ 

 

 

―The polish value of over 60 different aggregate samples was tested by the accelerated 

polish test (Test Method Tex-438-A) to provide an estimate of the extent to which coarse 

aggregate in the wearing surface of the roadway are likely to polish when subjected to 

traffic.‖ 

 

―The PV ranged from a lowest value of 25 for a crushed siliceous gravel (SIGR) 

aggregate to a highest value of 51 for a ESCS lightweight (LTWT) aggregate.  The 

LTWT aggregates all had PVs greater than 41, while all the natural aggregates had PVs 
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less than 42.  The PV range was 36 to 41 for the crushed sandstone (SDST) and rhyolite 

(RHYO) aggregates and 34 to 40 for the limestone rock asphalt (LMRA) ones.  For the 

crushed limestone (LMST) and SIGR groups, the PV ranged between 27 and 37 for the 

former and between 25 and 34 for the latter.  The traprock (TPRK) source had a PV of 

34.‖ 

 

―Shape and size of aggregate particles are other features important to satisfactory 

frictional performance of an aggregate.  Angular aggregate particles have proven to 

provide higher frictional resistance than sub-rounded or rounded particles, particularly in 

the case of siliceous gravels.  Rounded siliceous gravels have provided satisfactory 

performance on low traffic volume roads.  Although lightweight aggregate particles are 

often not angular, they tend to have the rough surface features desired for good chip seal 

surfaces.  The presence of flat and elongated particles should be minimized and, if 

possible, avoided.‖ 

 

―An aggregate with a ―one size‖ gradation which will produce superior particle 

interlocking and will result in an optimum contact area between the tire and seal coat 

surface is preferred for chip seals.  In Texas, it is a common practice to select large 

maximum size aggregate that improves pavement surface drainage and thus reduces the 

potential for hydroplaning.‖ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.3  Friction resistance of chip seal surfaces 
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Figure 14.3 shows decay curves for the friction coefficients of ESCS and three commonly 

used natural aggregates in chip seal surface treatments.  These figures show the superior 

performance of ESCS aggregate.  Figure 4 shows similar results for hot-mixes in which 

ESCS aggregate predominates in the plus No. 8 (2.36 mm) sieve size material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.4  Friction resistance of hot-mix asphalt surfaces 

 

Note:  The Texas Transportation Institute and The Texas Department of Transportation, 

Fort Worth, District provided the information in Figures 14.3 and 14.4.  Each plot 

represents 75 to 200 skid tests with each test representing up to six data points averaged. 

 

The consistent high-friction performance of ESCS is further proven by the fact that all 

original equipment automobile tires are certified and graded by the United States 

Department of Transportation for frictional performance at the Federal Highway Safety 

Administration's Goodfellow Air Force Base test facility in San Angelo, Texas.  The 

asphalt test surface must maintain a high uniform friction and remain extremely durable 

for a long service life.  ESCS aggregate in the hot-mix delivering an SN of 50 plus at 40 

miles per hour (according to ASTM E 274 ―Skid Resistance of Paved Surfaces Using a 

Full-Scale Tire‖, as shown in Fig. 14.5) has met these requirement for more than 15 
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years.  No other material was found suitable for this long lasting, high-friction test track.  

The track does not polish with time after millions of vehicle passes and maintains its 

constant performance year after year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.5 Friction resistance test (ASTM E 274) 

“Skid Resistance of Paved Surfaces Using a Full-Scale Tire”. 
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Automobile damage - windshields, headlamps, paint chips 

 

Motorists' complaints of cracked windshields, broken headlamps, and paint chips 

continue to plague highway departments across the nation where normalweight chip seal 

coverstone (trap rock, sandstone, dolomite, crushed limestone, crushed gravel, blast 

furnace slag, etc.) is used 

 

Any chip seal surface treatment application contains some loose stones that can be 

thrown by vehicle tires into oncoming traffic.  Using ESCS aggregate significantly 

reduces damage to windshields, headlights, and paint caused by flying stones.  The lower 

density of the aggregate and the higher-wind resistance caused by the rough surface 

texture lowers the impact.  The resulting striking force is much less than normalweight 

aggregates, thus reducing damage potential.  Rough surface texture also provides a better 

surface for asphalt bonding, reducing the number of loose particles. 

 

Extensive tests at Texas A & M's Transportation Institute have conclusively shown that 

automotive glass damage caused by flying stones on new asphalt-aggregate surface 

treatment (chip seal) construction is dramatically reduced on projects using ESCS 

aggregate as coverstone.  The bar chart of Figure 14.6 shows comparative effects of 

normalweight and ESCS aggregate.  Figures 14.7 and 14.8 show actual photographs of 

results of firing normalweight and ESCS aggregate particles into automobile windshields. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.6 Comparison of windshield damage. 

ESCS aggregate versus crushed limestone 



 14-22 

Using ESCS as a cover aggregate on chip seal greatly reduces comprehensive automobile 

insurance costs.  (The second costliest item for insurance companies is glass damage.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.7 Windshield damage with normalweight cover aggregate 

(trap rock, crushed limestone, gravel, blast furnace slag, etc.) 
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Figure 14.8 Windshield damage with ESCS is essentially eliminated. 

(Note: White paper and tape measure held behind windshield 

 glass for this photograph) 

 

Adhesion of asphalt to aggregate 

 

The rough micro-surface texture of ESCS aggregate provides unique and superior 

bonding capabilities with asphalt thus extending roadway service life.  When bonded to 

asphalt, ESCS presents a tough, durable pavement that holds up well under traffic and 

often outlasts pavements made with normalweight aggregate. 

 

Pavement surface texture and aggregate top size 

 
The asphalt pavement surface texture is determined by the aggregate gradation, top size, 

and surface texture of the aggregate particles.  For a given top size, ESCS produces a 

more textured pavement surface than most natural aggregates of similar grading because 

the lower-density large particles tend to "float" up in the mat during placement.  For this 

reason, top size should be kept near ½ inch for surface course mixes.  A segregation 

problem may occur at ¾ inch top size or larger. 
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Glare 

 

ESCS aggregate surfaces produce little or no reflected sunlight glare, allowing  pavement 

markings to stand out, thereby offering added safety. 

 

Paint Stripes 

 

Traffic marking paints adhere better to ESCS due to the good bond tenacity and, to some 

extent, the slightly higher absorption.  Thus, paint stripes last longer.   

 

Tire Noise 

 

Because ESCS has a rough micro surface texture that absorbs sound, the noise level of 

otherwise comparable asphalt pavement surfaces is lower.  Noise is also pitched lower, 

which is a real advantage in urban areas.  Aggregate size should be ½ inch or less. 

 

Snowplow Damage 

 

ESCS resists being rolled and pulled out more than normalweight aggregate.  If 

snowplow damage occurs with chip seal surface treatments, the top of the ESCS 

aggregate is usually sheared, leaving most of the particle still embedded in asphalt.  In 

contrast, normalweight aggregate is often rolled or pulled out of the asphalt, leaving an 

unsafe bare asphalt surface. 

 

 

Strength-Abrasion Resistance 

 

The laboratory abrasion resistance of ESCS aggregate meets the ASTM requirements for 

normalweight aggregate. The field service of ESCS surprises most materials engineers.  

Resistance to abrasion is often predicted by estimating crushing resistance, and is often 

predicted in a superficial way, like the well known heel test.  The ―heel test‖ is described 

as grinding an aggregate particle under the heal of your shoe.  Standard ASTM Los 

Angeles abrasion test values are typically in the range of 18 to 30 percent losses, which is 

much lower than might be predicted for such materials.  Field service records bear out 

laboratory results.  In plant-mixed asphalt paving mixtures and, to a considerable extent, 

in chip seal and surface treatment work, the aggregate particle is partially cradled in the 

pavement surface matrix which reduces stress concentrations and minimizes crushing 

under rubber tires. 
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Aggregate Durability:  Resistance to freezing, thawing, and sulfate 

action 
 

Aggregate freezing-thawing resistance is important in cold climates.  In the United States, 

high traffic volume creates a demand for ice-free streets and highways, which is often 

accomplished by using deicing salts.  Deicing salts and freezing-thawing cycles affect 

concrete bridges, streets, and highways similarly. 

 

For more than 70 years, structural lightweight concrete made with ESCS aggregate has 

solved the weight and durability problems associated with exposed structures.  This 

proven performance history in bridges and marine structures results from using durable 

ESCS aggregates encased in a durable cement mortar.   

 

Similarly, ESCS aggregates have proven to be durable in asphalt pavement for more than 

40 years regardless of whether the aggregates are exposed in surface treatment or encased 

in hot-mix asphalt pavement. 

 

 

14.5 General Design and Construction Information 

 

Specifications 

 

As with all materials, ESCS asphalt pavement must be properly specified to assure 

performance.  The specification for ESCS aggregate pavement is only slightly different 

from the specification for normalweight aggregate pavement.  Some of the specific 

differences are discussed in the following section, Bidding, Estimating, and Payment. 

Appendix A includes specifications from several states.  These specifications can be used 

to assist engineers in writing specific job specifications.  The asphalt Institute‘s, ―The 

Asphalt Handbook”, Manual Series N. 4 (MS-4), also provides extensive and detailed 

information for the user and designer of asphalt pavements.  Also, Appendix B, C, D and 

E provide detailed information on the use and design of asphalt-aggregate surface 

treatments (Chip seal, seal coat, etc.). 

 

Bidding, Estimating and Payment 

 

Bid forms and bid evaluations are best converted to include equivalent volume 

measurements.  This keeps all materials on an equal and competitive basis by correctly 

adjusting for the large difference in the aggregate weight to volume ratio.  ESCS 

lightweight aggregate weighs approximately half as much as normalweight aggregates 

(crushed limestone, gravel, trap rock, etc.).  The weight difference is easy to adjust and 

must not be overlooked during the design, bidding, or construction phase of the project.  
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If the aggregate is bid by the ton, adjustment for weight is essential because one ton of 

ESCS will be about twice the volume of one (1) ton of normalweight aggregate. 

 

When comparing quantities of ESCS lightweight aggregate with normalweight aggregate 

always base the comparison on equal volume of materials, for example, dollars per cubic 

yard.  With chip seal projects, the spread rate of each aggregate should also be included 

to determine cost accurately.  Spread rates given in square yards per cubic yard or square 

meters per cubic meter provide the easiest method of comparison. 

 

Because ESCS aggregate is light, it offers many cost advantages that need to be 

considered when estimating projects.  Additional information is provided in Construction 

Consideration’s and Advantages. 

 

Mixture Designs 

 

Mixture designs must also be adjusted volumetrically using appropriate weights for 

ESCS aggregate.  It is easy to mix coarse and fine aggregates of different densities 

provided the batching weights have been adjusted to provide the correct volume of each 

aggregate in the mixture.  Many specifications refer to aggregate percentage by weight, 

so percentage by weight must be converted to percentage by volume. 

 

Asphalt cement must also be used on a volume basis and is essentially the same amount 

for ESCS mixtures as for normalweight mixtures.  Contrary to some industry myths, 

ESCS aggregate does not absorb asphalt, or the asphalt absorption is negligible even 

though some ESCS aggregates may have in excess of twenty-percent (20%) water 

absorption after 24 hours.  There are two primary reasons for this: 

 

First, the kinematic viscosity of asphalt at 135ºC (275ºF) ranges from about 150 

to 400 centistokes depending on the asphalt grade.  The kinematic viscosity of 

emulsified asphalt ranges from 20 to 400 centistokes depending on the grade.  In 

contrast, water has a kinematic viscosity of one centistokes at 20ºC (68ºF).  

Because of a much higher viscosity even when hot, asphalt does not penetrate the 

bleb structure of the aggregate easily. 

 

Second, Exposure time is also a factor, for example, water absorption is usually 

measured after 24 hours with many aggregates reaching there full absorption only 

after several days of continuous wetting.  In contrast, the asphalt is only hot and in 

a potential absorptive position for one to three hours depending on the asphalt 

pavement applications. 

 

Reports of high absorption are almost always a misinterpretation of the calculations.  For 

example, a 100 lb normalweight aggregate asphalt mixture with 5.5% asphalt would have 
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5.5 lbs. of asphalt in it.  The same volume of ESCS aggregate asphalt mixture weighing 

65 lbs. would have 8.4% asphalt, but still the same 5.5 lbs. of asphalt.  The reason is the 

volume of aggregate material is about the same and the aggregate surface areas to be 

coated with asphalt are also about the same. 

 

Construction Considerations and Advantages 

 

ESCS aggregate offers the following cost advantages in transporting and handling: 

 

A. Material haul costs are reduced.  ESCS aggregate weighs approximately one-half 

that of normalweight aggregate, thus allowing a larger volume of material per 

truck load.  To increase hauling capacity, side boards are often added to truck 

beds or bulk trailers.  Trucks with larger bulk hauling capacity are also used.  In 

addition, less overall tonnage is hauled, fewer trucks are needed, and fewer trips 

are required. 

 

B. Contractors consistently report less equipment wear and tear with fewer 

breakdowns.  For example, spreader belts often last all season. 

 

C. ESCS aggregate is much easier to spread manually than normalweight aggregate.  

Often large grain scoops are used allowing the labor to carry twice the amount of 

aggregate per trip. 

 

D. Surface treatment projects are safer for workers because passing vehicles dislodge 

fewer flying particles.  The ESCS particle is also less dangerous because it is 

lighter.  Windshields, headlights, and chipped paint damage insurance claims are 

almost entirely eliminated. 

 

E. When needed, brooming or vacuuming excess ESCS chips from surface treatment 

projects is much easier because the aggregate weighs less. 

 

F. ESCS is easily prewetted and holds moisture for days in a stockpile which 

provides almost dust-free placement, a plus when emulsions are used with chip 

seals.  ESCS creates minimal dust, unlike normalweight aggregate which is often 

coated with dust that prevents uniform bonding and creates public complaints 

during application. 

 

G. ESCS aggregate is available throughout the U.S., Canada, and much of the world.  

The material is often shipped long distances because of its lighter weight. 
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H. The contractor can use the same machinery and equipment for normalweight or 

ESCS aggregate pavements.  Caution:  Use only pneumatic rubber-tire rollers 

with any asphalt-aggregate surface treatment (chip seal) projects.  Steel-

wheel rollers should not be used.  (Construction Procedures and Equipment; 

Rolling Operations). 

 

14.6 Chip Seal: Asphalt – Aggregate Surface Treatment 

 

General Considerations 

 

ASTM defines surface treatment as an application of bituminous material followed by a 

layer of mineral aggregate.  Multiple applications of bituminous material and mineral 

aggregate may be used.  However, there are many names that refer to Asphalt-Aggregate 

surface treatment depending on the region.  The most common name is chip seal, 

however, other names like seal coast, surface treatment, inverted penetration, oil and 

chip, chip and seal, sprinkle treatment, and armor coat are also used.  For simplicity, the 

term ―chip seal‖ will be used in this manual. 

 

Chip seal is normally used on low to medium volume rural roads or city streets.  

However, because of its high-friction resistance, superior bonding capability, and lack of 

windshields, headlight and paint damage to vehicles, ESCS chip seals have been used on 

high-speed and high-volume city streets and highways such as the Autobahn in Germany 

and interstate highways in the United States. 

 

Even though ESCS performs well in almost all road applications, maintaining close 

cooperation with the ESCS aggregate producer, contractor, and owner is essential to 

insure a successful project.  The attention to detail and adequate project control, 

particularly during the construction periods, and when traffic is first allowed on the new 

road surface, cannot be over-emphasized.  To help maintenance personnel make a 

reliable, objective determination of the real-world rating for a chip seal, the Strategic 

Highway Research Program (SHRP) developed a simple procedure to rate the 

construction quality of a chip seal project.  This procedure is described in publication No. 

SHRP-H-322 (SHRP-M/FR-92-102) ―Development of a Procedure to Rate the 

Application of Pavement Maintenance Treatments‖.  The publication covers the Rating 

Tree Procedure and specifications for chip seals, slurry seals, and cracks sealing, and is 

available from the Transportation Research Board. 

 

Appendix B includes four section from this SHRP publication: 

 

Section 407 Chip Seal 

Section 408 Slurry Seal 

Section 702 Bituminous Materials 
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Section 703 Aggregates 

 

This SHRP publication was written using normalweight aggregate, but also applies when 

ESCS aggregate is used provided the necessary adjustments are made to compensate for 

the differences in unit weight. 

 

Appendix E: ASTM D5360 ―Standard Practice for Design and Construction of 

Bituminous Surface Treatments” also provides detailed information. 

 

Like all materials, ESCS chip seal must be properly designed to utilize the merits of the 

material.  Assuming a high-quality aggregate is selected, the designer must take into 

account the following factors: 

 

 Aggregate unit weight 

 Proper application 

 Aggregate grading and top size 

 Moisture content of the aggregate 

 Asphalt type 

 Asphalt and aggregate application rate 

 Embedment depths 

 Weather considerations 

 Construction procedure and equipment 

 Road patches and other precautions 

 

In general, ESCS chip seal offers the engineer an economical, long-lasting road surface 

that is safer to drive on and free of motorist complaints.  Appendix D provides a complete 

detailed design method for chip seal surface treatment.  This method has been used 

extensively by the TXDOT. 

 

The standard industry design and construction practices as published by the Asphalt 

Institute, Publication ES-11 ―Asphalt Surface Treatment – Specifications‖ and 

Publication ES-12 ―Asphalt Surface Treatments – Construction Techniques‖ also apply to 

ESCS chip seal. 

 

Appendix I International Surfacing Inc., ―Guide Specifications for Asphalt-Rubber Chip 

Seal‖, will prove very helpful if asphalt-rubber is being considered. 

 

Appendix K ―Asphalt Emulsion Looking at the Basics‖ is a good one-page overview of 

how to do quality chip seals, published in March 1995 issue of Better Roads. 
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Proper Application: City Streets versus Rural Highways 
 

There is a basic difference in magnitude and frequency of the horizontal and transverse 

shear imparted to a road surface in urban and rural areas.  City streets are subjected to 

more starting, turning, and stopping for a given volume of traffic than rural highway 

surfaces.  Quite often a new material is introduced by placing it on a rural section where 

there is little or no turning and stopping.  Rural areas are good places to use ESCS as 

coverstone for an initial chip seal surface treatment.  The same design, using exactly the 

same materials, may not be satisfactory on a city street with identical traffic volume 

because ESCS is highly textured and develops a high coefficient of friction with rubber 

tires.  This characteristic, coupled with the stops, starts, and turns of city traffic may 

tumble and dislodge the stones.  In comparison, the rolling friction normally developed 

by the same traffic on a rural highway would cause no trouble. 

 

To minimize tumbling and dislodging of the stones under city traffic, three actions are 

necessary: 

 

 Use a maximum aggregate of 3/8 inch (9.5 mm). 

 Use a more viscous asphaltic binder than is used on rural roads in the same 

geographic area, and specify polymer modified asphalt for the binder to increase 

adhesive quality. 

 Establish the appropriate pneumatic rolling pattern.  Note: The equipment and 

pattern may be slightly different for city streets then for rural roads. 

 

Aggregate grading and top size 

 

ESCS grading is similar to crushed stone, however, with ESCS a cleaner product results 

thus reducing the potential for dislodgement due to dust coating on the particles.  One of 

the major causes of failure of chip seals is too much clay, or silt in the aggregate.  Dirty 

chips are unable to form a sufficiently strong bond with the asphalt and are quickly 

dislodged by traffic.  In contrast, ESCS aggregate does not contain any clay or silt.  The 

fines or dust in ESCS aggregate is just very fine ESCS material. 

 

Uniform grading (essentially one-size aggregate no larger than 5/8 inch (15.75 mm) is 

highly recommended for chip seal construction.  All other design factors being equal, 

uniform grading permits a wide variation in asphalt application rate.  This is very 

important since most road surfaces demand varying quantities of asphalt for chip seal 

construction.  Stated another way, uniformly-graded cover materials permit a larger 

margin of error in binder quantity than either well-graded or poorly-graded materials.  

Appendix C includes a list of ESCS gradations used by several different states.  Note: 

The producer should, if at all economically practical, restrict the furnished materials to 

the minimum of both ends of the gradations listed in Appendix C.  Although these 
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gradings include several different top size materials, experience indicates that 

intermediate sizes perform better than coarser sizes.  Thousands of miles of existing 

ESCS chip seal projects have proven that ½ inch to No. 4 (12.5 mm to 4.75 mm) material 

is the optimum size for single-course chip seal projects.  However, cover material in the 

3/8 inch to No. 8 (9.5 mm to 2.36 mm) size has also performed well and is often 

preferred on low traffic residential streets. 

 

Designers and specifiers please note: It is essential that the ESCS producer be contacted 

during the design and specification writing stage of the project because some gradations 

are more economical to manufacture than others for a given ESCS plant.  As can be seen 

in Appendix B, gradations vary from state to state and still perform well.  Matching the 

gradation specified with an economically produced plant gradation helps ensure 

competitive bids without compromising road-surface performance. 

 

Asphalt type 
 

Many agencies across the United States use liquid asphalt binders such as emulsion for 

surface treatments.  Liquid asphalt binders such as RS-2, CRS-2, HFRS-2 can be used 

successfully with ESCS, but the user is cautioned to consider the lower bond associated 

with these materials, particularly in the very early life of the surface.  Rapid-setting 

emulsions with high-viscosity residual can also be used.  Hot-sprayed AC-10 is highly 

suitable for ESCS chip seal and commonly used in hotter climates such as Texas and 

Arizona.  Properly designed liquid asphalt materials can be used in the cool climate areas 

of Canada and northern United States. 

 

It is essential to provide the time needed to develop a good bond between asphalt and 

aggregate.  If it is necessary to open the road to traffic immediately following 

construction, the Asphalt Institute recommends limiting driving speed to twenty miles per 

hour for the first 24 hours.  Appendix B, Section 702 – ―Bituminous Materials‖ published 

in 1992, covers the latest information from SHRP. 

 

Asphalt and aggregate application rate 
 

This manual is not written to give detailed design procedures for chip seal surface 

treatments because that information is widely available for conventional stone, and there 

are only minor differences when ESCS aggregate is used.  Figure 9 illustrates the effects 

when varying the application rate of both the binder and the coverstone.  The results 

shown are from laboratory-controlled tests on a given size of aggregate and indicate the 

folly of using anything other than the proper amounts of binder and coverstone of a 

selected size. 
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With maintenance work, it is often necessary to decide whether it is more economical to 

do the following: 1) reseal the old surface, 2) rework the top inch or two of the surface, or 

3) overlay with hot-mix asphaltic concrete.  The life expectancy of a chip seal surface 

treatment can be disappointingly short if the road has wide variations in asphalt demand. 

 

ESCS aggregate sized in the 5/8 inch or ½ inch and finer (Appendix C) are most effective 

for chip seal projects because this grading permits higher binder application rates without 

danger of flushing.  Of course, spot corrections are in order if the surface condition is too 

variable with both dry and flushed areas, to expect a successful surface treatment job, or 

if funds are not available to rework or overlay the road.  With spot corrections, 

excessively dry areas can be primed, and flushed areas can be planed off or oxidized by 

burning.  In some cases additional ESCS aggregate is added and rolled to correct 

bleeding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.9 Aggregate loss vs. Asphalt applied for variable aggregate 

Cover rates in square yards per cubic yards.  ESCS lightweight aggregate grade 

½ inch to No. 4 (12.5 mm to 4.75 mm) 
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Chip seal surface treatment projects involving sprayed binders must be carefully designed 

to accommodate surface conditions, traffic, weather, and climate.  Limited data are 

available on suggested adjustments in binder application rates for different traffic 

volume.  Figure 14.9 shows adjustments offered as guides but should be used with 

considered judgment.  These suggested corrections apply only to chip seal on old, 

consolidated surfaces.  The effect of traffic volume on the asphalt application rate is less 

critical on older surfaces than it is on new or reworked surfaces because the old surface is 

usually well consolidated.  Inadequate density, at or near the surface of a new or 

reworked job, permits the coverstone to intrude, resulting in a flushed surface.  For this 

reason, the corrections suggested in Figure 14.10 should not be used on new surfaces.  In 

any case, it is important to evaluate the surface carefully to arrive at the most desirable 

quantity of asphalt to be applied. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.10  Chip seal asphalt application rate. 

Correction due to traffic for older consolidated surfaces. 

 

 

The excess aggregate menace:  For example, with a ESCS aggregate weighing about 

1100 to 1300 pounds per cubic yard and uniformly graded to meet the size requirements 

of 5/8 inch and finer (Appendix C), a cover rate of nine to eleven pounds per square yard 

is ample.  This is equivalent to a range of 110 to 130 sq yds/cu yd.  Ideally, the material 

should be sampled after it is stockpiled on the job site, and laboratory tests (See 
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Appendix D) used to establish the appropriate cover rate.  The amount of aggregate 

required to cover a unit area one-particle deep determines the cover rate.  In the past, the 

laboratory cover rate was automatically adjusted upward ten percent to take care of 

spreading inaccuracies in the field and to minimize asphalt pickup on equipment.  

Actually, this increase is not always necessary, provided good equipment and careful 

construction controls are employed.  Also, slight deficit is preferable to an excess of 

ESCS aggregate.  Figure 14.11 shows a close-up of a road surface before rolling, where it 

appears that not enough aggregate was used to cover the surface adequately.  Figure 

14.12 shows the same surface after rolling and one month of light traffic; the surface is 

completely covered.  Inspection at the edge of this road revealed a very small (less than 

one-half of one percent) loss of aggregate. 

 

Jobs have been observed, particularly with county agencies and in cities, where an excess 

of more than 50 percent of stone was applied.  In chip seal work, the general rule is that 

any aggregate applied in amounts exceeding that required to cover the surface one-

particle deep can jeopardize the success of the job and cause short service life or 

immediate failure. 

 

Loose normalweight stones (gravel, crushed limestone, trap rock, etc.) present a hazard to 

vehicle glass, headlights, and paint finish.  Also, loose stones act as an abrasive scouring 

agent under traffic, breaking down both loose particles and in-place particles.  The 

resulting dust is a possible hazard and, at least, a nuisance.  Loose aggregate promotes 

tumbling of bonded particles and reduces the overall coefficient of friction of the road 

surface.  In comparison, loose ESCS aggregate does not present the above mentioned 

vehicle hazards, yet still acts as an abrasive scouring agent under traffic, breaking down 

both loose and in place particles.  In all cases, loose aggregate is a menace and a waste. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.11 Road Surface before rolling showing  

what appears to be an inadequate aggregate cover 
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Figure 14.12 Same surface as Figure 14.11  

after rolling and one month of light traffic 

 

 

Embedment Depths 
 

Embedment depths should be in the range of 40 to 60 percent of the particle diameter 

immediately after adequate construction compaction (seating) with pneumatic rollers.  

The lighter the traffic, the higher the initial embedment depth, if all other factors are 

equal (see Table 14.1).  On the average ESCS, aggregate should be embedded somewhat 

deeper than conventional stone.  Added embedment is necessary primarily because of the 

high coefficient of friction of ESCS aggregate.  Less embedment depth and higher-

viscosity asphalts are needed if anticipating a high percentage of trucks in the traffic 

stream because truck-tire pressures and axle loads are higher. 

 

Table 14.1  Initial Aggregate Embedment Depth for ESCS Chip Seal Surface 

Treatments 

TRAFFIC 

VOLUME 

SUGGESTED INITIAL AGGREGATE 

EMBEDMENT DEPTH 

Low <500 vpd/lane High approximately 60% 

Medium 500 to 2000 Medium approximately 50% 

High>2000 Low approximately 40% 
Note: A higher initial depth may be required with 

polymer modified asphalt 

If High Percentage of 

Trucks 

Low approximately 40%  

with a higher-viscosity asphalt 
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Weather Conditions 

 

Chip seals constructed with ESCS aggregate are somewhat more sensitive to inclement 

weather during and immediately following construction than are normalweight aggregate 

chip seals.  There are two primary reasons for this: 

 

First: ESCS lightweight materials generally have higher water absorption capacities 

than natural stone.  Note: it‘s important to reiterate that even though the water 

absorption is higher ESCS does not absorb asphalt or at least the absorption 

amount is negligible.  (See section 14.5, Mixture Designs) 

 

Second: ESCS aggregate has a more textured surface. 

 

Because ESCS aggregate may contain more moisture when it is placed, a strong bond 

may take longer to establish between the asphalt and the aggregate surface.  Textured 

surfaces may require more waiting time than do smooth surfaces; however, once the bond 

is established, it is stronger. 

 

It is easy to minimize the effect of a high-water content in the more absorptive aggregate 

by keeping traffic off the surface for at least one hour or using a pilot car to take traffic 

over the surface at low speeds.  A rapid-setting cationic emulsion can also be used as a 

source of asphalt binder for damp or even wet aggregate.  Across the U.S., more and 

more agencies are using cationic rapid set, anionic and high-float emulsions with a 

polymer additive.  For clarification; 

 

 Anionic means the asphalt globules are electro-negatively charged. 

 Cationic means the asphalt globules are electro-positively. 

 High-float (HF) – High-float emulsions have a quality, imported by the addition 

of certain chemicals that permits a thicker asphalt film on the aggregate particles 

with minimum probability of drainage.  The HF is measured by ASTM D 139 or 

AASHTO T50. 

 

Hot weather is ideal for chip seal work.  Mild wind movement and low humidity are 

desirable but not necessary for success. 

 

Rain: Rain during or immediately after placement, combined with a textured and 

absorptive aggregate, can ruin an otherwise perfect chip seal job.  One might wonder at 

first how water absorption affects placement.  In fact, the effect of the rough surface 

texture may also be puzzling.  Water absorption and rough-surface texture may work 

together in the first few hours of a chip seal to cause almost complete loss of coverstone 

when a surface is placed, rained on, and immediately turned over to traffic.  The 

absorptive aggregate holds more water and, therefore, remains wet longer after the rain 
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stops.  Under these conditions, some absorbed water is released and prevents early bond 

establishment between the aggregate and binder especially with asphalt cements.  If the 

initial wet condition is prolonged, the incomplete bond allows the particle to be tumbled 

and pulled out under traffic action.  The result may be a road stripped of cover material.  

Fortunately, this does not happen often and can be avoided entirely by placing the 

material during good weather or using emulsified asphalt with a hard residual, such as 

CRS-2h with a polymer.  Note: CRS-2h is available in some local markets (Texas, etc.) 

but is not a standard material according to ASTM D 2367. 

 

Construction Procedures and Equipment 

 

ESCS chip seals use the same construction procedure and equipment as conventional 

stone chip seals.  (See Asphalt Institute publication ES-12 ―Asphalt Surface Treatment – 

Construction Techniques‖ and MS-19 ―A Basic Asphalt Emulsion Manual‖). 

 

The performance of chip seals depends to a large degree on the quality of construction.  

Key factors which may contribute to successfully constructing high quality chip seal 

include: 

 

1. proper preparation of the existing surface upon which the seal coat is to be 

placed—for example, if the surface is exhibiting a bleeding distress, special 

corrective measures should be taken to reduce the potential for bleeding in the 

new chip seal; 

2. satisfactory environmental conditions—experience has shown that the ideal 

environment for the construction of chip seal is hot, dry weather with no rain for 

the next several days; 

3. selection of equipment in good operating condition and proper handling of 

equipment during construction; 

4. carefully planned sequence and timing of construction operations; 

5. implementation of an adequate field inspection and quality control plan; and 

6. adequate traffic control during construction particularly in the first hours after 

completion of construction. 

 

Rolling operations: ESCS cover aggregate on chip seals need to be seated with a light, 

approximately 5 to 7 ton pneumatic roller.  Field tests show the comparative effects of 

roller type and service.  Figure 14.13 compares the degradation of a ESCS ½ inch (112.5 

mm) and finer aggregate subjected to flat-wheel steel rollers and light (5 to 7 ton) 

pneumatic rollers  This comparison shows that seating the cover aggregate with steel-

wheel rollers, surface No. 1, is unwise because steel wheels cause aggregate degradation 

by creating very high-point stresses on the individual aggregate particles.  Even with 50 

times the amount of traffic, surface No. 2 with pneumatic rolling only suffered little 

degradation. 
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Quote from the Asphalt Handbook – Asphalt Institute MS-4 1989 Edition: 

 

―Roller:  Seating of aggregate particles is an important part of the surface 

Treatment operation.  There are several types of compactors, but pneumatic-tired 

are usually used.  A self-propelled pneumatic-tired roller with tire pressures in the 

range of 415-620 kPa (60-90 psi) is recommended for use on asphalt-aggregate 

surface treatments.  The tires force the aggregate firmly into the asphalt binder 

and to the flat side without crushing the particles.  Steel-wheeled rollers bridge the 

smaller size particles and small depressions in the surface.  Steel-wheeled rollers 

also may crush the softer particles so that degradation takes place even before 

traffic uses the new surface. 

 

“Rolling: Rolling seats the aggregate in the asphalt membrane and thus promotes 

the bond necessary to resist traffic stresses. 

 

―Pneumatic-tired rollers should be used on all surface treatment jobs.  Pneumatic-

tire rollers give uniform pressure over the entire area.  Better results will be 

obtained if two self-propelled rollers are used with each aggregate spreader‖. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.13  Comparison of pneumatic and steel-wheeled rollers 

 on degradation of ESCS aggregate surface treatment  

after one (1) year of service. 
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Surface #1: 5 hrs. of rolling with a 6.0 ton steel-wheel/mile 

  5 hrs. of rolling with 1.0 ton steel-wheel/mile 

  5 hrs. of rolling with a light (5 ton) pneumatic/mile 

  Age: 1 year 

  Traffic: 150 vpd 

 

Surface #2: 5 hrs. of rolling with a light (5 ton) pneumatic/mile 

  Age: 1 year 

  Traffic: 7700 vpd 

 

 

Figure 14.14 is a photograph of a cloud of dust rising from surface 1 (Fig. 14.13) rolled 

with steel rollers.  Stockpile samples of the aggregate before construction showed less 

than 1.0 percent passing the No. 200 sieve; therefore, it is evident that construction 

compaction created the fines (dust) that are apparent in the photograph. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.14  Dust caused by steel-wheeled roller use. 

 

Figure 14.15 shows a ESCS aggregate trial section (Surface 2, Figure 14.13) subjected to 

pneumatic rolling plus roughly 50 time more traffic as the road shown in figure 14.14.  

This trial section was in excellent condition after six years of service.  The wet coefficient 

of friction (at 40 mph) is still well above the 0.5.  The Texas Highway Department 
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District in which this section is located has since used ESCS as cover aggregate on 

thousands of miles of primary highways to reduce damage to windshields and raise the 

coefficient of friction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.15  Showing excellent surface texture of ESCS aggregate 

coverstone after five million vehicle applications. 

Photo taken in the wheel path. 

 

Caution: It is extremely important that the ESCS aggregate seating and compaction be 

performed only with pneumatic rollers.  Steel-wheel rollers change the grading of almost 

any stone (lightweight or normalweight) regardless of its hardness or toughness, thereby 

altering the design.  Steel-wheel rollers create very concentrated stresses on individual 

aggregate particles causing excessive degradation as shown in Figure 14.13.  Also, low 

areas in the road surface are bridged over while excessive crushing occurs on the high 

points, resulting in bleeding in the areas of excessive crushing and raveling in the low 

areas.  Steel-wheeled rollers are not recommended with any type of chip seal. 

 

Spreading aggregate: The aggregate spreader is second in importance only to the 

asphalt distributor.  The aggregate spreader needs to apply a uniform aggregate cover at a 

specified rate over a freshly-sprayed asphalt membrane.  The most effective aggregate 

spreaders are modern self-propelled spreaders that are equipped with an automatic 

application rate and speed-control computers.  The computer varies the gate opening to 

maintain a preset application rate regardless of the chip-spreader speed.  Application 

accuracy is maintained when starting and stopping and when the chip-spreader speed is 

adjusted to meet job requirements.  Increased accuracy reduces aggregate expense and 

results in an improved road surface.  The computer-controlled spreaders can store several 

different aggregate/application rate combinations in memory.  Application rates can be 
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varied infinitely or memory presets can be selected on the go.  The computer can also be 

set to control the spreader‘s forward speed for consistent speed when following the 

distributor. 

Aggregate spreaders that separate the aggregate so the larger particles hit the asphalt 

membrane before the smaller particles also work very well, especially if the aggregate 

being spread is not close to a single-size material.  Aggregate separating attachments are 

available from most equipment suppliers even though they are not commonly used. 

 

Aggregate that is clean, close to one size, and spread at an even and consistent 

application rate will provide the best results (See Appendix C). 

 

Multi-Course Surface Treatments 

 

In general, it is not economical to use more than a double asphalt-aggregate surface 

treatment, therefore, this discussion is limited to doubles. 

 

Equipment: Multi-course surface treatment work requires the same equipment as 

singles; however, the aggregate spreaders and rollers discussed below work best for 

doubles application. 

 

Use modern self-propelled aggregate spreading equipment preferably computer 

controlled to insure a uniform and consistent aggregate application rate.  Gradation and 

size sorting of the cover material is even more important for doubles than for singles.  

The use of an aggregate-separating attachment on older non-computer controlled 

equipment helps the highly-textured lightweight aggregate to nest more effectively, 

thereby reducing degradation during construction and early service.  Improved nesting 

assures a nearly uniform distribution of the second layer of asphalt and aggregate 

resulting in a waterproof surface. 

 

Using light (approximate 5 to 7 ton) pneumatic rollers is very important because textured 

materials have a strong tendency to stack when applied.  Stacking creates localized high 

points on the pavement surface and can lead to over-stressing. 

 

Caution: As stated previously, steel-wheel rollers should not be used in any phase of the 

chip seal surfacing operation. 

 

Asphalt quantities and order of placing: The design of a two-course chip seal requires 

about the same quantity of material as two single chip seals made with the same type and 

grading of cover aggregate.  One important difference, however, is the distribution 

method of the total amount of asphaltic material calculated for the two sizes of aggregate 

used alone.  For example: separate designs of two singles, one using Texas Grade 3 

(Appendix C – ¾ inch and finer) and the other Texas Grade 4 aggregate (Appendix C – 
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5/8 inch and finer) require for the average surface a total of 0.650 gallons of residual 

asphalt per square yard of surface. The larger aggregate (Grade 3) should be placed first 

with the asphalt requirement of the smaller stone (Grade 4).  That is, if the Grade 3 

requires 0.35 gallons per square yard and the Grade 4 requires 0.30 gallons per square 

yard, then one should spray 0.30 gallons per square yard residual and then apply the 

Grade 3 stone.  This is easy to understand when one carefully examines the highly-

textured nature of the surface receiving the second applications of asphalt.  The surface is 

referred to as ―hungry‖ and, therefore, the surface needs more binder as well as the 

smaller-sized second course of coverstone.  Notice in the previous example that Grades 3 

and 4 were selected as companion aggregates for the double treatment.  Texas Grades 4 

and 5 would also be satisfactory, but under equal design conditions would require less 

asphalt.  Generally speaking, it is unwise to select two sizes of cover aggregate that differ 

more than one-grading size as shown in Appendix C. 

 

Caution: The first course could be vulnerable to aggregate loss if left alone and open to 

traffic, especially if placed with too low a binder quantity and if marginal weather 

follows. 

 

It is not a good practice to reverse the aggregate size when placing doubles made with 

ESCS aggregate; that is, do not place the smaller aggregate in the first course and cover it 

with larger aggregate.  To do so requires more asphaltic binder to hold the same size 

aggregate adequately and may cause flushing.  On the other hand, using the usual amount 

of asphaltic binder causes coarse-stone raveling and, in turn, a flushed surface. 

 

Precautions 

 

General:  When using ESCS aggregate in asphalt pavement the first few times, it is wise 

to use with considered judgment, and not accept test locations that are excessively 

difficult to do under emergency conditions.  Any construction material used as an 

alternate requires a learning curve and must not only perform as well as existing materials 

filling that need, but must also have other desirable attributes.  ESCS aggregate compares 

favorably with the best natural aggregates in the areas of bond tenacity and general 

service durability. 

 

ESCS excels in reducing windshield and other vehicle damage, and is a high-friction 

resistant surface.  ESCS aggregate can, however, be abused during construction or by 

using improper designs, or improper binder choice.  For example, low-viscosity asphalt 

cement with excellent service records may give successful results if used with smooth-

textured natural aggregates, but low-viscosity asphalt may not be sufficiently viscous to 

hold highly-textured ESCS aggregate, especially in the early life of the pavement.  This is 

particularly true if the pavement handles heavy, urban traffic with its many stopping and 

turning motions.  When choosing asphalt viscosity with ESCS aggregate the more 
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viscous binder is better.  However, choosing the proper viscosity is less important in rural 

areas.  Under cool conditions the aggregate should be heated and applied at temperatures 

above 250º F (120º C) for the best results. 

 

Road patches:  Cover aggregate may be submerged or intruded into the existing surface 

due to an improperly compacted surface like a patch or a new or reworked surface.  

Submerged cover aggregate may also result in spite of careful designs that take into 

account aggregate size, traffic, and climate.  Therefore, freshly repaired roads should not 

be chip sealed for 60 to 90 days.  Delaying the chip seal resurfacing allows the patch to 

densify and cure, and greatly reduces the possibility of localized failures. 

 

Comments on the Handling, Construction, and Service of ESCS 

Aggregate Compared to Precoated Natural-Rock Aggregate for Chip 

Seal 

 

The following comments represent a cross-section of those received in interviews with 

several states‘ DOT personnel and contractors who used expanded shale, clay, and slate 

lightweight aggregate for chip seals. 

 

State and district personnel: 

 

A. ―Seal coat work should be done during hot, dry weather conditions‖. 

 

B. ―Use pneumatic rollers exclusively‖. 

 

C. ―Light brooming the morning following placement, works well‖. 

 

D. ―Use calibrated nozzles and make adjustments as needed for traffic volume, emulsion 

volume adjustment due to shot temperature 150º F, existing surface conditions, and 

wheelpath adjustment.  Smaller nozzles are used for each wheelpath application to 

avoid bleeding – usually a reduction in shot rate for the wheelpath is about twenty 

percent (20%).  (Sets of calibrated nozzles maybe purchased from the Etnyre Co.).  

Shoot only one traffic lane at a time (12 ft. ±)‖.  [This practice is standard in some 

areas like Brownwood, Texas, however, other engineers‘ feel it unnecessary provided 

quality equipment and materials are used and good construction practices are 

followed]. 

 

E. ―Heavy traffic, particularly with a large percent of trucks, demands less asphalt, all 

other factors being equal‖. 

 

F. ―Design shot rates and actual shot rates shown on data sheet represents emulsion not 

residual asphalt.  Some CRS-2 and CRS-2h are supplied with sixty-five percent 
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(65%) residual.  However, consult the asphalt supplier before finalizing design‖. 

 

G. ―Aggregate embedment for design purposes should be about forty percent (40%) for 

most roads, however, higher embedment may be needed with traffic at 8,000 vpd or 

higher‖. 

 

H. ―At the end of one year of traffic, embedment depth in the wheelpath should be about 

eighty percent (80%).‖ 

 

I. ―It is neither wise nor economical to place an excess of coverstone.  Placing of more 

than 115 sq. yds/cu.yd does more damage than good for the grading of lightweight‖. 

 

J. ―Precoating of seal coat [chip seal] coverstone is advantageous and is usually cost 

effective when AC 5 or AC 10 binders are used.  When emulsions are used, 

precoating is usually not needed‖. 

 

K. ―Within its area of competitive haul, the expanded shale aggregate is an important 

alternate to other materials because of reduction in windshield breakage alone.  The 

material is dark in color which reduces glare and it appears to have a natural affinity 

for asphalt.  The material has not degraded appreciably under normal surface rolling‖. 

 

L. ―The hard freezes during the winter of 1963 did not damage the lightweight.  It 

performs as well as precoated and has less flying particles immediately after 

construction.  Lightweight dusts a little but the grading is good, and it is a valuable 

material for seal coat [chip seal] surface treatment work‖. 

 

M. ―After two years of service, we are still pleased with the performance of ESCS 

lightweight aggregate.  The color contrast produced by lightweight has remained 

throughout the life of the surface, whereas precoated natural rock fades out in a few 

months.‖ 

 

N. ―Of all the stone available for seal coat and surface treatment, I prefer the overall 

characteristics of lightweight.  The contractor‘s men prefer the handling ease afforded 

by lightweight aggregate and it bonds well to the asphalt.‖ 

 

O. We had one job, a double surface treatment (lightweight), that bled severely but this 

was in the early trial stages and was caused by a fault in design.  We have had some 

trouble with variation in the amount of oil used on our precoated natural rock 

material.  Nevertheless, both lightweight and precoated rock does a good job when 

properly designed and constructed‖. 

 

P. ―High-speed traffic on new surfaces of lightweight does not create a flying stone 

hazard.  Loose stone is thrown but is carried only a short way from the vehicle wheel.  
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It is not necessary to sweep loose stone back on a new surface made with lightweight.  

Initial adhesion is good with lightweight‖. 

 

Q. ―Where lightweight is used, the reduced gross loads of equipment during construction 

minimize damage to shoulders on low-traffic roads‖. 

 

R. ―Retention of lightweight aggregate is as good as that of precoated, natural rock 

aggregate when placed under identical conditions.  Lightweight aggregate is naturally 

dust free and has an inherent affinity for asphalt.  This material has produced 

excellent results on high-traffic roads when placed under favorable weather 

conditions‖. 

 

Resident Engineer and Contractor Personnel: 

 

A. ―Some dusting was experienced on one surface one to four days after construction.  

(The lightweight aggregate seal was rolled with steel and pneumatic rollers.  We 

stopped using the steel rollers and the dusting problem stopped.)  At speeds up to 60 

mph some stone was thrown by traffic. Stones were airborne for a distance of 20 to 

40 feet.  No windshield damage was observed or reported on this lightweight 

aggregate section‖. 

 

B. ―Lightweight aggregate adheres well to the asphalt.  The grading is uniform and the 

material is clean when delivered.  Due to its lightweight and good bond, it can be 

swept effectively with a blade broom.‖ 

 

C. ―The material (lightweight) is easy to handle.  Job progress is more rapid and laborers 

handling the hand, touch-up work find their job easier.  Laborers can also use larger 

shovel, thus making less trips‖. 

 

D. ―Without special modification of handling equipment, overloading is eliminated and 

this extends equipment life. 

 

E. ―The lightweight aggregate is easier on equipment and has less overall breakdowns.  

For example, belts on spreader boxes often last all season.‖ 

 

Summarizing these observations on ESCS: 

 

A. Retention is comparable for like designs and service conditions. 

 

B. Bleeding, where observed, was about the same and could not, for either lightweight or 

precoated rock, be definitely attributed to any characteristics of the materials 

involved. 
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C. Serious raveling was encountered on one precoated job but this was attributed to 

improper design.  Minor raveling was observed on several other sections but there 

was no great difference in the degree of raveling for ESCS lightweight or precoated 

rock materials.  As a general rule, where minor raveling occurred it took place 

between the wheel paths, possible, indicating the need for a slight increase of asphalt 

application rate. 

 

D. Degradation during construction rolling was comparable except where the ESCS 

lightweight material was rolled with steel, flat-wheel rollers.  We no longer use or 

recommend steel rollers on any chip seal surface treatment. 

 

E. General appearance of the ESCS and precoated rock is good.  Precoated rock material 

used for contrast purposes often fades or loses color within a few months. 

 

F. Contractors prefer the lightweight material due to ease of handling and increased 

production rate of finished road surface.  Wear and tear on equipment is reduced 

significantly because there is less weight overload. 

 

G. No broken windshields attributable to ESCS were reported from any of the engineers 

or contractors interviewed. 

 

H. Some engineers and maintenance personnel indicated a preference for the ESCS 

lightweight material.  No one interviewed objected to the use of ESCS, and all were 

satisfied with its performance. 

 

 

 

14.7 Open-Graded Wearing Surface (OGFC) 

 

Use and Performance 

 

General 

Open-graded wearing surfaces are also referred to as plant mix seal (PMS) coats or open-

graded asphalt friction course (OGFC).  An open-graded friction course is a special 

purpose mixture, increasingly used in pavement surfaces around the world for improved 

safety in all types of weather conditions and to reduce vehicle-tire noise.  This gap-

graded bituminous mixture consists largely of single-sized aggregate and contains a 

relatively high percent (15% to 25%) of air voids.  The many benefits of OGFC have 

been widely published and, therefore, only briefly discussed here.  (For additional 

information, consult the National Asphalt Pavement Association [NAPA] Publication No. 

IS-115, ―Open-Graded Asphalt Friction Courses:, No. CL-10, and Appendix F, A look at 

Open Mixes to Improve Skid Resistance by Verdi Adam.  Appendix A also includes 

Texas specification, Section 342, ―Plant Mix Seal‖.  Appendix H includes International 



 14-47 

Surfacing, Inc. Guide Specification for Open, Dense and Gap-Graded Asphalt Cement 

Pavements with Asphalt-Rubber Binder). 

 

Since 1972, ESCS‘s open-graded friction course has been used on thousands of miles of 

state and federal highways carrying traffic ranging from 2500 vehicles per day on rural 

roads to more than 150,000 vehicles per day on interstate highways with truck volume in 

the 10 to 20 percent range.  The effective life of ESCS OGFC overlays in Texas and other 

southern states range from 5 to 12 years.  Texas roads are subjected to severe 

performance demands caused by extensive sunshine, high temperatures during the long 

summers, and high moisture. 

 

Improve skid resistance 

 

OGFC made with ESCS is primarily used to improve skid resistance, reduce 

hydroplaning, and provide better vehicle control during inclement weather.  An 

optimized OGFC furnishes ample micro and macro texture as well as drainage at the tire-

pavement interface through permeable voids (interconnected voids) in approximately the 

top inch of pavement surface. 

 

Splash and spray 

 

In the mid 1970‘s the Texas Transportation Institute conducted full-scale water spray and 

splash field tests on OGFC and regular hot-mix asphalt (HMA) surfaces (Fig. 14.16 and 

14.17).  a rain simulator was used to test the rate of drainage of a 24-foot wide pavement 

overlaid with one inch of OGFC on a substrata of one percent cross slope.  The rainfall 

rate was 0.25 inches per hour.  In Figure 14.16, note the excessive amounts of splash and 

spray.  Slight surfacing of water in the wheel paths of the outer lane and water sheeting 

across the regular HMA shoulder was observed during the field test. 

 

Figure 16.17 shows the reduction of splash and spray with OGFC.  These photographs 

were taken about five minutes apart on a divided highway where the southbound lands 

(Figure 14.16) were HMA, and the northbound lanes (Figure 14.17) were OGFC. 
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Figure 14.16  Regular hot-mix asphalt surface  

with hazardous truck spray and splash 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.17  Open-graded friction course  

without spray and splash 

Noise reduction: Because of the permeable voids, OGFC‘s do not create percussion cups 

between tire and road surfaces.  The result is a much quieter road surface—a real 

advantage for adjacent home owners and vehicle operators as well as a cost savings by 

eliminating or reducing the need for sound barrier walls. 
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Hydroplaning: A primary reason for specifying OGFC is to reduce hydroplaning on wet 

pavement.  Hydroplaning potential is inversely proportional to the percent of voids in an 

open-graded mix.  The near one-sized coarse, aggregate gradation ensures a high-void 

(15% to 25%) content mixture. 

 

Wheel path: The mixture in the wheel path retains its drainage properties even if the 

mixture on either side partially clogs with debris. 

 

Water-susceptible pavements: Do not use OGFC pavement of any type, (ESCS or 

Normalweight) on water-susceptible pavement.  The OGFC will hold water on the 

underlying pavement for enough time for water susceptibility damage to develop if the 

overlayed pavement is susceptible.  OGFC alone does not seal the underlying pavement 

surface sufficiently to prevent water damage. 

 

Existing road conditions: In general, OGFC should be placed only on pavement with 

fair-to-good cross drainage, never on water-susceptible, cracked, or deteriorating 

pavements. 

 

Aggregate Type and Friction Resistance 

 

ESCS lightweight aggregate performs extremely well in OGFC because it provides the 

microtextures and macrotextures necessary for a quality pavement.  Some natural 

aggregate, such as trap rocks, sandstones, rhyolite, and impure limestone, also meet 

OGFC specifications.  The initial friction values of OGFC may be somewhat low until 

the asphalt coating is worn from the exposed surface aggregate.  Sharp sand in the fines 

fraction minimizes the low initial skid values.  Figure 14.18 shows the coefficient of 

friction of several aggregates used in HMA as compared with ESCS-OGFC.  Also, 

Appendix F compares the friction resistance of several different aggregate types. 
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Figure 14.18  Comparative Performance of ESCS-OGFC  

and Various Dense Graded Hot-Mix Asphalt Overlays Under  

the Same Traffic.  Study performed on Interstate 35 E, Dallas County, TX. 

 

Mixture Design Guidelines 

 

The following guidelines are based on information obtained from laboratory trial mixes 

and field experiences.  These guideline should be helpful in developing mixture designs 

and design procedures. 

 

Aggregate: Use a non-polishing coarse aggregate that complies with current quality tests 

for chip seal surface treatments.  Crushed aggregate helps to stabilize the compacted mix. 

 

Gradation: Aggregates used in OGFC paving mixtures are considered gap-graded 

because they consist only of coarse and fine fractions.  The coarse fraction provides the 

important macrotexture and microtexture properties that combine to develop the frictional 

drag at the tire-pavement interface.  The fine fraction passing the No. 8 (2.36 mm) sieve, 

serve three main purposes: (a) stabilizing the coarse aggregate, (b) controlling the void 

content of the pavement and (c) controlling the rate of asphalt drain down during 

construction.  The mixture is generally 10 to 15 percent fine material. 
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The fine fraction must also include enough mineral filler to provide the total aggregate 

blend with about three percent mineral filler.  The mineral filler (minus 200 mesh (75 

µm) material) helps to stabilize the asphalt film around the coarse aggregate.  Increasing 

filler content permits a broader thermal range during delivery and construction.  One or 

two percent mineral filler also helps to prevent drain down during mixing and placing.  

Adding fines minus No. 8 (2.36 mm) sieve in amounts of 15 percent or less toughens an 

otherwise tender mix. 

 

In general, the larger aggregate produces a more open surface, depending on the relative 

amount of coarse and fine aggregate used.  The maximum aggregate size should not be 

more than one-half the depth of the compacted mixture.  The large aggregate size should 

be the predominant aggregate. 

 

Aggregate that is all the same size produces the greatest number of voids.  Aggregate size 

does not appreciably affect the homogenous voids in the pavement, but it does affect 

permeability caused by surface tension and pore friction. 

 

Example: In general, Texas uses aggregates that conform to the material requirements of 

aggregates for chip seal surface treatments (Appendix A and C) with two exceptions:  the 

stone must have polish value of 35 or higher and no uncrushed gravel is permitted.  Table 

14.2 lists the master gradation limits for plant-mix seals in Texas and the recommended 

gradation from Federal Highway Administration, Publication (FHWA) T5040.31.  Also, 

included in Table 2 is a gradation from Appendix H which covers the use of asphalt-

rubber in open mixtures. 

 

Table 14.2  Gradation Limits for OGFC (plant-mix seal) 

 

 

 

Sieve Size 

Percent Passing 

 

Texas 

 

FHWA 

Appendix ‘H’ 

Asphalt Rubber 

 Grade 1 Grade 2 T5040.31 2/8 inch ½ inch 

5/8 inch (15.75 mm) 100 100 100 100 100 

½ inch (12.5 mm) 95-100 95-100 100 100 95-100 

3/8 inch (9.5 mm) 50-80 50-80 95-100 85-100 75-95 

No. 4 (4.75 mm) 0-8 5-20 30-50 25-55 20-56 

No. 8 (2.36 mm)   5-15 5-15 5-15 

No. 10 (2.06 mm) 0-4 5-15  0-10 0-10 

No. 30    0-10 0-10 

No. 200 (75 µm) 0-2 0-5 2-5 0-5 0-5 
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Void Content: Final permeable voids, as measured in the finished pavement for the 

Grade 2 grading (Table 2), are typically about fifteen percent (15%).  The total volume of 

voids is about twenty percent (20%).  Grading Grade 1 yields about twenty-five percent 

(25%) voids, of which about 18 percent are permeable voids.  The mixture should be 

designed for a minimum of twenty percent (20%) voids.  FHWA recommends, or at least 

assumes, a design air-void content of at least fifteen percent (15%). 

 

Tack Coat:  It is important to bond OGFC to the substrate; therefore, using an adequate 

amount of tack is necessary. 

 

Asphalt: Use the most viscous asphalt that still remains ductile at the expected road 

surface temperature.  The Asphalt Handbook (MS-4, 1989) reports asphalt cement AC-10 

to AC-40, AR-4000 to AR-16000, or 85-100 to 40-50 penetration is used for OGFC.  

However, the use of these asphalt cements is becoming less common because the 

Strategic Highway Research Program (SHRP) developed a new system for specifying 

asphalt materials.  The new system, called ―Superpave‖, represents an improved system 

for specifying asphalt binders and mineral aggregates that will develop asphalt mix 

design and pavement performance predictions.  Superpave includes a new binder 

specification (AASHTO MP1) that is unique, in that it is performance based and the 

binders are selected to fit the climate and traffic in which they are intended to serve.  The 

AASHTO MP1 specification and recommendations are covered in the Asphalt Institute 

Publications, No. SP-1 ―Performance Graded Asphalt Binder Specification and Testing‖ 

and ―Superpave Mix Design‖ Superpave Series No. 2 (SP-2).  Consult these references 

before specifying the asphalt binder. 

 

The asphalt content for the gradings listed in Table 2 should be approximately 13 to 16 

percent by volume.  The optimum asphalt content is the amount of asphalt that produces 

the greatest film thickness around the aggregate without separating during mixing and 

placing. 

 

Performing a drainage test is a good way to determine the optimum asphalt content.  

Visual inspection during trial mixing can establish minimum and maximum asphalt 

content.  (Optimum asphalt should be near the midpoint.) 

 

Stability: The stability of the compacted mix is a function of the aggregate particle 

shape, surface texture, aggregate gradation, type of asphalt, and amount of asphalt. 

 

Design Methods: Appendix G contains two design methods for OGFC used by the 

TxDOT. 
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Test Methods 

 

The following test methods are recommended: 

 

a. Permeable voids: The lateral and vertical permeable voids in the finished 

pavement should be measured by test method ASTM D 3637, The Standard 

Test Method for Permeability of Bituminous Mixtures (Method A).  

Measurements are taken at intervals of about six months to monitor the traffic 

reduction rate of permeable voids. 

 

b. Asphalt content: ASTM D 2172 standard test method for Quantitative 

Extraction of Bitumen from Bituminous Paving Mixtures. 

 

c. Surface texture: The silicone putty method or the sand patch procedure. 

 

Construction 

 

Construction activities vary, depending on location, contractor, and equipment.  For this 

reason, the following suggestions and precautions are general, rather than specific. 

 

Equipment and procedures: All phases of OGFC (mixing, transporting, placing, and 

compacting) require the same equipment and procedures that apply to the ht-mixed 

asphalt production and placement. 

 

Mix temperature: A 260ºF (127ºC) mixing temperature is an efficient batching 

temperature.  Placement temperatures at approximately 245ºF (118ºC) are advised, with 

compaction beginning when the mat temperature reaches about 240ºF (115ºC).  Latex can 

solve drain down problems.  Latex mixtures can be heated to 250ºF to 260ºF (121ºC – 

127ºC) and hauled 40 miles or more without drain down problems.  Care must be 

exercised to assure that the OGFC bonds to the underlying pavement. 

 

When dumped into the truck at the proper temperature, the OGFC mixtures ―peaks‖ or 

―stands up‖ without excess slumping.  To prevent surface cooling during hauling, the 

mixture should be covered with tarpaulins.  Regardless of the operations, plant-mix 

temperatures should be controlled within plus or minus 15ºF (9ºC) of the specified 

temperatures to assure quality and uniformity. 

 

Rolling: The mixture should be rolled with a light static steel-wheel roller 

(approximately 10 to 12 tons) as soon as practical after lay-down. 

 

Traffic: Traffic can resume as soon as the finished mat is cool enough, approximately 

150ºF (65ºC) to prevent picking up particles.  On bridges and other areas that must be 
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opened to traffic immediately, spraying the surface with water can quickly cool it. 

 

Control test: To insure quality, asphalt extraction tests should be performed as needed-

usually a minimum of three per day to monitor asphalt and aggregate gradation.  Asphalt 

stripping tests should also be performed periodically.  For example, some transportation 

inspectors use the water-boiling test at maximum 10-day intervals.  The mix is redesigned 

if stripping exceeds fifteen percent (15%). 

 

Precautions: When large-sized 5/8 inch-1/2 inch (15.75 mm – 12.5 mm) ESCS 

aggregate is used, delayed release of moisture can become a problem when steam-filled 

asphalt bubbles rise to the top of the load in the truck and lay-down machine hopper.  

Removing sufficient moisture when drying and heating the aggregate minimizes delayed 

release of moisture.  Dual dryers are effective under inclement weather conditions. 

 

14.8 Hot-Mix Asphalt (HMA) Surface Course 

 

Projects, Performance, and Superpave 
 

ESCS aggregate HMA has performed well for nearly 40 years on all types of roadways.  

Laboratory and fieldwork shows that ESCS aggregate HMA performs well even if the 

aggregate skeleton is composed of all or part ESCS aggregate. 

 

When comparing the same grading, ESCS aggregate HMA at twelve percent (12%) 

asphalt binder by weight contains about the same amount of asphalt per unit volume of 

pavement as Normalweight aggregate HMA at six percent (6%) asphalt binder by weight.  

The reason for this is ESCS is about one-half (1/2) the weight of Normalweight 

aggregate.  The asphalt film thickness for both mixes would be about the same. 

 

Several years ago, the State of Louisiana placed an experimental section of ESCS 

aggregate HMA with a conventional finishing machine in a two-inch lift.  The paving 

mixture was designed by the Marshal Method and used ESCS aggregate as all the plus 

No. 40 sieve-size material.  The minus No. 40 mesh material was field sand.  The design 

also used 12 percent by weigh of 85 to 100 penetration asphalt cement.  More than five 

years after it was placed, the surface was inspected and found to be in good condition—

even after carrying more than 7,000 vehicles per day. 

 

The State of Virginia began placing experimental sections of HMA made from ESCS 

aggregate in 1955 using the Hubbard-Field design method which used 100 percent ESCS 

aggregate.  The mixture contained 11.2 percent by weight asphalt cement.  The surface 

handled more than 12,000 vehicles per day.  According to reports, the surface was in 

excellent condition after two years of service.  For 13 years, the Dallas-Ft. Worth 

turnpike, with a 2-inch overlay of ESCS aggregate as the coarse fraction, handled 50,000 
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vehicles per day.  Tennessee, Texas, Wyoming, Mississippi, and Alabama have also used 

ESCS aggregate HMA pavements. 

 

TxDOT placed sections of surface material made from blends of ESCS aggregate and 

local sand on Interstate 20 east of Dallas.  At the time of placement traffic exceeded 

33,000 vehicles per day.  The new sections were checked for skid resistance at 6 months 

and 2 ½ years after construction.  The wet coefficient, as measured by ASTM E 274 

Standard Test Method for ―Skid‖ Resistance of Paved Surfaces Using a Full-Scale Tire‖ 

was 0.48 at 50 mph.  Two comparable sections built at the same time from locally 

available natural aggregate measured 0.37 and later polished to 0.25.  With only fifty 

percent (50%) ESCS aggregate in the mix, the friction coefficient improved more than 30 

percent!  These sections used 7.0 percent by weight of 90 penetration asphalt.  Although 

the aggregate stockpiles were wet from rain a day before construction started, the 

operation proceeded smoothly.  Some slumping of the mix occurred in the haul trucks 

because of delayed moisture release, but the slumping caused no problem in the laying 

operation. 

 

Approximately 20-lane miles of ESCS aggregate HMA was placed on Interstate Highway 

35 in Austin, Texas, with a performing SN (skid number) of 0.45, a 50 percent 

improvement over the limestone covered by the overlay.  The SN in this case is expected 

to increase to 0.5 and remain at 0.5 for the life of the pavement.  Generally, friction 

values gradually increase for the first 10 to 12 million vehicle passages, and then become 

stable at about 0.5. 

 

Three typical hot-mix asphalt projects are: 

 

 Texas Department of Transportation project in Tarrant County, near Fort 

Worth – Interstate 20 was overlaid with 1 inch of lightweight aggregate hot-mix 

in 1975.  This roadway has successfully endured continuous traffic since that 

time. 

 

 Interstate 30 in Tarrant County, Texas between Oakland Blvd. and Davis 

Dr. – This expanse of roadway was overlaid in 1975 and has remained in tact 

with an average daily traffic count of 93,000 vehicles per day. 

 

 A portion of US 377 in Texas from US 80 to the Fort Worth traffic circle – 

The surface on this roadway has consisted of lightweight aggregate since 1978 

and carries an average of 12,300 vehicles per day. 

 

Superpave: (Superior Performing Asphalt Pavements) Superpave is a product of the 

Strategic Highway Research Program (SHRP) asphalt research.  SHRP was established 

by Congress in 1987 as a five (5) year, $150 million research program to improve the 
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performance and durability of United States roads and to make those roads safer for both 

motorists and highway workers.  The Asphalt Institute‘s Superpave Mix Design 

Superpave Series No. 2 (SP-2) Publication, should be reviewed before specifications are 

written because ESCS aggregate meets and exceeds the Superpave aggregate criteria.  

The following excerpt from SP-2 gives a glimpse into the future of pavement design. 

 

“Mineral Aggregates.  Mineral aggregate properties are obviously important to 

asphalt mixture performance.  However, the Marshall and Hveem mix design 

methods do not incorporate aggregate criteria into their procedures.  Conversely, 

aggregate criteria are directly incorporated into Superpave mix design procedures.  

While no new aggregate test procedures were developed, existing procedures 

were refined to fit within the Superpave system: consensus properties and source 

properties. 

 

―Consensus properties are those that SHRP researchers believed were critical in 

achieving high performance HMA.  These properties must be met at various 

levels depending on traffic volume and position within the pavement.  High traffic 

levels and surface mixtures (i.e. shallow pavement position) require more strict 

values for consensus properties.  Many agencies already use these properties as 

quality requirements for aggregates used in HMA.  The Superpave consensus 

properties are coarse aggregate angularity; fine aggregate angularity; flat and 

elongated particles; and clay content. 

 

―By specifying coarse and fine aggregate angularity, Superpave seeks to achieve 

HMA with a high degree of internal friction and thus, high shear strength for 

rutting resistance. [ESCS HMA has a high degree of internal friction and high 

shear strength].  Limiting elongated pieces ensures that the HMA will not be as 

susceptible to aggregate breakage during handling and construction and under 

traffic.  Limiting the amount of clay enhances the adhesive bond between asphalt 

binder and the aggregate.‖ 

 

Design Considerations 

 

Appendix J provides a test method for laboratory design of HMA mixtures. 

 

Weight difference: The volume of ESCS hot-mix is almost twice the volume of natural 

aggregate hot-mix for the same given weight.  The weight/volume difference must be 

adjusted in the design and construction of ESCS hot-mix. 

 

Design methods and general considerations: The hot-mix design when using ESCS 

lightweight aggregate is no different from design using other aggregates.  For surface 

course designs, one should use top-size aggregate of about ½ inch (12.5 mm).  Because 
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ESCS aggregate is highly textured, more fines are required to produce mixes of equal 

workability in the field. 

 

Experience shows there are advantages to restricting the ESCS fraction of the aggregate 

to the plus No. 8 or No. 10 (2.36 mm or 2.06 mm) sieve.  Material finer than No. 8 or No. 

10 is supplied from locally available natural aggregate or crusher fines.  It is also 

critically important to select fines that are not susceptible to moisture damage. 

 

Any commonly used design methods can be employed.  The most widely practiced 

methods are the Marshall, the Hveem and the new Superpave method introduced in 1996.  

Measured by weight, the asphalt content by percent appears rather high, but this is not an 

issue because volume, rather than weight, is important in a pavement structure.  For 

example, a normal mix with 5.5 weight percent of asphalt (assuming a compacted unit 

weight of 145 lbs/ft
3
) contains 7.95 pounds of asphalt cement (AC) per cubic foot, 

whereas a given ESCS lightweight mix weighing about 110 lbs/ft
3
 requires 7.2 weight 

percent of binder or the same 7.95 pounds of asphalt cement per cubic foot.  In practice, 

the asphalt-cement content weight percent varies depending on the unit weight of the 

mixture without adversely affecting stability.  For example, if the unit weight of the 

ESCS lightweight mixture is 90 lbs/ft
3
, the weight of asphalt cement is 8.7 percent for the 

same volume of mixture, and contains 7.95 pounds of asphalt cement per cubic foot. 

 

Stabilities for ESCS HMA also measure higher than expected.  The Hveem stability is 

rather insensitive to asphalt content because this stability measuring method derives its 

value from the internal friction of the aggregate system.  ESCS lightweight aggregate is 

highly textured and, therefore, exhibits high-internal friction which results in high Hveem 

stability for the mix. 

 

One of the primary considerations in designing an asphalt paving mixture is the aggregate 

gradation.  The aggregate blend can vary from a uniform size distribution of materials to 

a gap-or skip-graded mixture.  Using gap-graded blends containing ESCS aggregate are 

generally satisfactory due to the stability of theses blends.  They will nearly always meet 

specified requirements and are more workable in the field. 

 

Aggregate Blending: A major factor in blending or combining ESCS with normalweight 

aggregates is the difference in unit weight.  Normally, ESCS has a dry, loose unit weight 

of 35 to 65 lbs/ft
3
 (560 to 1236 kg/m

3
) depending on the aggregate source, whereas sand 

or normalweight aggregate weigh from 90 to110 lbs/ft
3
 (1440 to 1760 kg/m

3
).  These 

weight differences can cause design problems if not considered during blending.  Figure 

19 illustrates the difference in the positions of two blended gradation curves.  The weight 

curve is the blend of a ESCS material with a normalweight aggregate material by weight 

percent; the volume curve is a blend of the same two materials using the same percent 

only by volume-notice the large difference!  The volume composition curve closely 
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represents the desired grading curve of the aggregate system.  Because batching is most 

often done by weight in the field, job weights and formulas must be adjusted by volume 

first.  Uniform blending is of the utmost importance and needs to be checked regularly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.19 Comparing blending by weight to blending by volume. 

 

Workability: Any method used to improve the workability of hot-mix made from 

normalweight or ESCS aggregate should be done with caution.  For example: (a) 

reducing aggregate top size, (b) increasing asphalt content, (c) introducing a gap in the 

grading between the No. 8 sieve and the No. 40 sieve, (d) decreasing the amount of 

material finer than the No. 200 sieve, and (e) substituting natural rounded fines (minus 

No. 8) for crushed fines may improve workability, but could also be highly detrimental to 

long term pavement performance.  Some of these methods may reduce the shear strength 

of the aggregate mass, thus lowering the internal friction of the pavement mixture, 

making it more susceptible to rutting. 

 

Aggregate top size: ½ inch (12.5 mm) top size aggregate is recommended.  Aggregate 

availability and overall cost of the mixture must also be considered when establishing the 

aggregate top size and gradation. 

 

Rollers: Using pneumatic rollers is encouraged for compacting and surface sealing HMA 
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made with ESCS aggregate.  A steel-wheeled roller can be used successfully for 

breakdown and finish rolling, but most of the compaction (particle nesting) should be 

done with rubber-tire rollers.  Again, the high-internal friction of ESCS HMA demands 

this approach.  Higher tire-inflation pressure is more effective than an increase in roller 

weight.  Caution: Over use of rubber tired rollers can jeopardize smoothness. 

 

Slumping: ESCS aggregates with higher than normal water absorption values require 

care in drying and mixing operations.  High-absorption aggregate can cause the mixture 

in the truck to slump when moisture continues to be released from the aggregate. 

 

Bidding and payment: Customarily, asphalt paving mixtures are sold by the ton.  

Selling by the ton is acceptable provided adjustments are made to correct for the weight 

to volume ratio difference between lightweight and normalweight.  HMA made with 

normalweight aggregates require 108 to 112 pounds of material to cover one square yard, 

one inch deep.  ESCS HMA made with 100 percent ESCS aggregate requires abut 65 to 

70 pounds of material to cover one square yard, one inch deep.  HMA made with a blend 

of ESCS and normalweight aggregate requires about 85 pounds to cover the same area.  

With blended mixtures, the weight will vary depending on the percent of ESCS to 

normalweight aggregate. 

 

Accordingly, if no provisions are made for this weight-coverage differential in bidding, 

the job should be bid on a depth-coverage formula.  (Fig. 14.20 shows the conversion 

formula).  This formula assumes the ultimate field density is about equal to the laboratory 

density of the HMA in question.  If the construction compaction requirement is 95 

percent of laboratory density, then the ―as constructed‖ depth of the pavement should be 

somewhat more than one inch.  This is not particularly important to the user but should 

be considered.  What is important is the standard of reference which is the unit weight of 

the compacted laboratory specimen.  For example, if the unit weigh of a given laboratory 

design is 100 lbs/ft
3
, 75 pounds of this mixture (compacted to ultimate density) is 

required to cover one square yard, one inch deep.  Stated another way, 111 pounds of 

normalweight HMA (or 48% more) is required to produce the same mat thickness.  Using 

this approach, the asphalt paving contractor, in truth, bids and is paid by the compacted 

cubic yard rather than a tonnage formula. 
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Figure 14.20 Conversion chart, asphalt mixture unit weight 

to pounds per square yard, per inch of thickness. 

 

Table 14.3  Comparing an equal amount of installed ESCS and normalweight HMA. 

 

Type of HMA 

Mixture 

Unit 

Weight 

Total 

Volume 

of 

Mixture 

Total 

Weight 

HMA 

Price 

per 

Ton 

Price per 

Sq. Yd. 

Installed 

Total Bid 

Price for 

10 sq. yds 

installed 

 

Normalweight 

 

148 lb/ft
3 

 

11.25 ft.
3 

 

1665 lbs 

or 

.8325 tons 

 

$9.80 

 

$0.816 

 

$8.16 

 

ESCS and 

Normalweight 

Blend 

 

112 

lbs/ft
3 

 

11.25 ft.
3 

 

1260 lbs. 

Or 

.63 tons 

 

$12.95 

 

$0.816 

 

$8.16 

 

ESCS-100% 

 

85 lbs/ft
3 

 

11.25 ft.
3 

 

956.25 lbs. 

Or 

.4781 tons 

 

$17.07 

 

$0.816 

 

$8.16 

 

Assume: Normalweight HMA is bid at a hypothetical $9.80/tone installed and the area 

covered equals 10 yds
2
, at 1-1/2 inch thick which equals 11.25 ft

3
 of HMA.  Notice that 
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the total bid and price per square yard installed is the same for all three types of HMA, 

even though the unit price per ton ranges from $9.80 to $17.07.  Current per ton prices 

are considerably more than in Table 14.3, however, the comparison is the same. 

 

14.9 Thin Hot-Mixed Asphalt (HMA) Overlays 

 

Minimum Weight: Minimizing the weight and thickness of a pavement overlay is often 

desirable.  Where dead load is a factor, ESCS lightweight aggregate is the ideal choice 

and, by limiting the aggregate top size, very thin overlays are possible.  Thin ESCS HMA 

is useful for bridge deck overlays and pavements when needed to reduce excessive crown 

build-up.  Successful thin hot-mix designs have been in service in Texas for years.  These 

specific designs are also used to arrest surface scaling on bridge decks and improve 

resistance to skidding.  Asphalt contents range from 8 to 12 percent by weight.  The 

aggregate gradations meet Asphalt Institute gradation standards for coarse-graded sheet 

asphalt, and are adjusted to account for the lighter weight to equal volume effect of ESCS 

aggregate.  The unit weight of these mixtures is 85 to 95 pcf, depending on aggregate size 

and the weight of the aggregates used. 

 

Water tightness: With very thin HMA overlays, it is often difficult to obtain sufficient 

compaction before the mixture becomes cold and unworkable.  ESCS aggregate mixtures 

are similar to other materials in this respect.  To help offset this problem, it may be better 

to design the mixture to meet conventional HMA specifications and use a heavy tack 

coat. 

 

Stability: High-stability mixtures are possible with ESCS aggregate.  The usual grading 

should not be altered by increasing the mineral filler excessively or raising the asphalt 

content above what regular laboratory design methods recommend.  Aggregate grading 

should be designed by volume rather than weight; however, batching can be done on a 

weight basis provided the batch weights are adjusted to account for the aggregate‘s lower 

unit weight. 

 

Shear stresses are high near the surface of a pavement, and in time, most thin overlays 

will reach the expected density level.  There are exceptions to this, however, and if the 

user is familiar with the service performance of a given material, then design alterations 

will improve the mixture performance. 

 

Improved friction resistance: One major advantage of ESCS thin HMA overlays is its 

inherent high-friction resistance.  Field performances show that thin HMA overlays made 

with at least 50 percent (by weight) of ESCS aggregate have a higher-frictional 

coefficient than natural rock pavements.  The high-friction resistance of ESCS is 

discussed in details in Section 14.4 and illustrated schematically in Figure 14.21. 
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Figure 14.21  ESCS aggregate bleb or bubble structure throughout 

 

In comparison, when natural rock aggregate is used in thin HMA overlays, it is much 

more difficult to achieve and maintain a comparable friction-resistant surface.  There are 

other methods used to achieve friction resistance with natural rock aggregates: 1) the 

differential rates of wear and 2) surface renewal through attrition method.  The 

differential rates of wear, method uses two aggregates with distinctly different rates of 

wear.  The surface renewal method is restricted to structurally sound roads and requires 

very strict design controls for asphalt and traffic volume because this mix is designed to 

ravel as it is used and, therefore, not commonly specified. 

 

Jet airfields and bridge decks: ESCS thin hot-mix overlays are used on airfields to 

improve friction resistance and minimize heat damage caused by hot exhaust at takeoff.  

(Note: ESCS aggregate is combined with high-temperature cement and is used as a 

refractory [fireplace logs and boxes, chimney liners, etc.] and as a insulating refractory 

for industrial uses in kilns, boilers, stacks, and petro-chemical refining). 

 

ESCS thin, hot-mix overlays are not only used on bridge decks to overlay distressed 

surfaces often caused by de-icing chemicals, but also to minimize dead loads and 

improve skid resistance. 

 

With both jet airfield and bridge deck applications, the mixes must be highly stable.  The 

designs must contain ESCS aggregate as the major portion of the aggregate systems.  The 
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designs should use small top-size aggregate only, and have higher final voids than regular 

mixtures.  The thin, stable HMA overlay is designed to contain 8 percent voids for its in-

service state of compaction.  Laboratory-design void contents of 6 to 10 percent are 

common.  Thin overlays may contain 8 to 14 percent voids when turned over to traffic.  

ESCS aggregate rough microsurface texture, allows the designer to use high-asphalt 

contents without danger of flushing and the associated loss of stability.  The pavement 

receiving this mixture should be tacked with approximately double the normal amount of 

asphalt. 

 

14.10 Maintenance and Pothole Material (Plant-Mixed) 

 

More conventional wisdom holds that if a pothole repair is to stand a chance of holding 

up under traffic and adverse weather condition, it should be squared up, cleaned, and 

dried before it is filled.  However, the results of a 1994 Strategic Highway Research 

Program (SHRP) study, Innovative Materials Development and Testing, Volume 2: 

Pothole Repair, indicate that the technique referred to as the ―semi-permanent procedure‖ 

is not always cost effective. 

 

The study found, that if quality materials are used, the throw-and-roll procedure (which 

involves dumping the patch material in the pothole with no preparation of the hole and 

then driving the truck over the patch several times to level it) is just as effective as the 

semi-permanent procedure.  What seems to matter most is the quality of the materials 

used and the workmanship, rather than the procedure used to fill the hole.  Mechanical 

patching machines developed in the last 5 to 10 years, also produce excellent pot-hole 

patches in most cases. 

 

The study drew the following conclusions and recommendations: 

 

 ―Use the best materials possible.  Although you might save some money by 

purchasing lower quality materials, this savings will be quickly eaten up by the 

cost of patching the same potholes over and over.  The initial purchase cost of 

materials is minor compared with the costs of labor, equipment, and motorist‘s 

delays associated with patching operations. 

 

 ―In adverse weather, use quality materials and the throw-and-roll or spray-

injection procedure.  These procedures produce high-quality repairs, and they 

minimize the time maintenance crews must spend out in the elements.  If you use 

spray-injection equipment, make sure it is operated by a trained technician. 

 

 ―Don‘t expect patches placed under severe weather conditions to perform as well 

as those placed under more temperate conditions.  The first few weeks after it‘s 

placed is the most critical time in the patch‘s service life.  Wet weather and low 
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temperatures mean the patch will take longer to set, which will provide more 

opportunities for failure. 

 

 ―When considering the cost of a more expensive cold mix, include in your 

calculation the time savings; motorists will encounter fewer maintenance-caused 

delays, and maintenance crews will spend less time on the street.‖ 

 

Paving-mixtures designed for pavement maintenance and pothole repair can be placed 

hot or cold; however, most maintenance material is placed cold after having been 

stockpiled.  In using plant-mixed maintenance material, the primary considerations are 

workability, compacted stability, storage capability, and resistance to stripping. 

 

Workability and stability: For mixtures made with natural, normalweight aggregates, 

workability improvements usually reduce stability.  In contrast, mixtures made with 

ESCS aggregates are very stable because the aggregate has a highly-textured particle 

surface, and can therefore be altered substantially and still remain stable.  However, 

because of ESCS textured surface, workability can be a problem in the field unless 

certain precautions are taken.  As in HMA paving mixtures, the amount of fines in the 

design should be increased.  In some instances, it is also useful to introduce a gap in the 

aggregate grading between the No. 8 to the No. 50 sieve.  Contact the ESCS producer for 

specific recommendations. 

 

In maintenance work, it is very important to make durable repairs.  One common fault is 

inadequate compaction of new base material used to repair a weakened area of a road.  

The best maintenance material for surfacing often lacks workability, making it difficult to 

seal out moisture initially.  Providing a stable base or support under the surface is critical. 

 

Storage life: With ESCS aggregate, softer asphalt cements, more primer, and additional 

water can be used to assure good storage properties.  A reasonable storage life is essential 

for maintenance material; however, improvements in storage life should not be at the 

expense of other desirable properties of the mixture design.  Using excess primer or water 

to improve storage capacity can adversely affect curing time and the associated 

development of stability.  Therefore, altering the aggregate grading may be necessary to 

maintain stability and improve storage life. 

 

Special qualities such as quick-setting, or improved or extended-storage characteristics 

are sometimes required.  Sound judgment must be exercised in formulating special 

designs.  Some experimentation is advisable, especially if a large amount of material is 

involved. 

 

Users of small amounts of cold-lay patch material can cover their stockpiles with plastic 

to extend storage life and reduce waste often caused by surface crusting of the stockpile.  
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Protecting the stockpile from air exposure extends storage life and practically eliminates 

waste due to crusting.  Without protection, emulsion mixtures can lose their water rapidly 

in windy weather. 

 

Stripping due to water susceptibility: Because maintenance work is often carried out in 

poor weather, good patching material must resist the stripping action of water.  Adding a 

satisfactory anti-stripping agent to the primer during batching operations is the best way 

to assure water-stripping resistance.  ESCS aggregate is less susceptible to stripping than 

most good-quality normalweight aggregates.  ESCS is almost 100 percent non-stripping 

in a ―boil test‖ the direct result of the calcining (firing) process used in manufacturing the 

aggregate.  Properly calcined clays, shales, and slates are essentially non-reactive in 

flexible paving mixtures. 

 

Service records and field experience show superior adhesion when the asphalt film is 

attached to the aggregate.  Using anti-strip agents in the asphalt or, in the case of cold-lay 

designs, in the primer conveniently minimizes water susceptibility. 

 

A water susceptibility problem can generally be traced to natural aggregate fines used to 

fill out the grading requirement of a given specification.  To assure that a selected natural 

aggregate is not susceptible, the minus No. 4 material should have a sand equivalent 

value of 55 or higher or, as mentioned above, an effective anti-strip agent should be used.  

Selecting the anti-strip agent should be done carefully, because some of them are 

ineffective if overheated.  Lime is also an effective anti-stripping agent, but care must be 

used so the lime is not removed at the hot-mix plant during the drying and mixing 

operations. 

 

Mixture design: Because the aggregate absorption may vary between ESCS 

manufacturers, mixture designs should be altered to suit the characteristics of the material 

being used.  Generally, the hot-mix, hot-lay designs can be converted to a cold-lay 

mixture by adding primer and water, and reducing the mixing temperature from the usual 

275ºF (135ºC) to about 210ºF (99ºC).  Liquid ingredients should be added in the 

following order: asphalt, primer, water.  An asphalt in the range of 120 to 150 penetration 

is satisfactory for cold-lay designs.  If harder asphalts are used, the design requires more 

primer; even then, the mixture may setup in the stockpile if stored for an extended period.  

(Primer is defined here as a low viscosity liquid asphalt or emulsions applied to an 

absorbent surface).  Colder climates require softer asphalts. 

 

 

 

The following is a typical mixture design formula for the liquid fractions: 

 

5 to 8 percent asphalt 
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1.5 percent primer 

3 percent water 

 

Note: There are many good primers available on the market.  Diesel fuel or other solvents 

that lower the asphalt viscosity are also satisfactory primers, and are normally less 

expensive. 

 

The following is an example of the mixing cycle for a coarse-graded aggregate: 

 

5 to 10 seconds dry 

30 to 40 seconds with asphalt 

5 to 10 seconds with primer 

 

In general, coarser-grade mixtures require shorter mixing cycles than do the fine graded 

mixtures.  After it is mixed, the batch should be stockpiled with little stirring or agitation, 

because stirring promotes the loss of primer and water which are both vital for adequate 

storage life.  To extend storage life, cover the stockpile. 

 

Field applications 

 

Pothole repair: Hot-mixed, cold-lay asphaltic materials made with ESCS aggregate, 

local crusher fines, or concrete sand work well for pothole repair and spot leveling.  

Cold-lay patching materials are manufactured with fluxibles or cutter stock to assure 

good storage properties and work ability during placing.  These materials produce 

mixtures with high-internal friction, a property highly desirable in patch material. 

 

Figures 14.22 and 14.23 show experimental cold-lay mixes being placed from one-year 

old exposed stockpiles.  These experimental sections have performed well with little or 

no patch distortion. 
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Figure 14.22  Hot-mix cold-lay 

 patching material made with ESCS 

aggregate 

 

 

Figure 14.23  Completed patches where 

patching material had been in open storage 

for one year. 

 

 

Pothole repair and general surface maintenance are most often necessary immediately 

after wet weather.  Consequently, moisture is most likely a problem during repairs.  

Using an anti-stripping agent in the cold-lay formulation is strongly recommended. 

 

Adequate and proper tack coat: To use tack coats properly for maintenance work, the 

jobs should be divided into two operations: skin patches or thin overlays, and thick 

patches, such as potholes. 

 

Skin patches allow more tack to be used than potholes.  Because cutbacks are sometimes 

used for tack purposes, it is quite important to avoid excessive amounts of cutbacks in 
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potholes where the volatile fraction may be trapped and thus keep the patch soft.  Slow 

set emulsions diluted 50:50, SS-lh, or CSS-lh is preferable to cutback for tack. 

 

Plant Operations 

 

Batch weights and segregation: Remember the volume for a given weight of ESCS is 

significantly more than the equal weight of natural rock.  For batch plants, total batch 

weight must be cut by about 30 percent to avoid overfilling the pugmill.  In addition, it is 

important to see that the mixer paddles are not worn excessively because there is a 

tendency for segregation to occur in the pugmill.  Segregation is usually not a problem 

for drum plants, but still needs to be monitored. 

 

Equipment wear: The plant operators find that overall wear on a plant processing ESCS 

aggregate is considerably less than wear caused in processing most natural aggregates.  

This is particularly true for conveyors and bearings.  Power consumption is also reduced, 

and loaders and hauling equipment need less maintenance because of lighter loads.  This, 

of course, assumes that loaders and hauling equipment have not been modified to carry 

more volume.  If equipment is modified to carry increased volume, haling costs are less, 

because less trips are required to move the same volume of material. 

 

Water vapor release in the plant: The delayed release of water vapor in the mixing 

operations lubricates the mixture and protects the asphalt from the oxidative effects of air 

in the pugmill or drum plant.  On the other hand, water-vapor release aids in emulsifying 

the asphalt and can weaken or delay the bond between asphalt and aggregate.  These two 

factors, oxidation and water vapor, reduce the total hardening that usually take s place in 

the plant, thereby producing a more workable mixture. 

 

Aggregate drying rate and dryer capacity: Because hot-mix, cold-laid materials are 

generally designed to contain residual moisture for adequate storage, there is no reason to 

dry the aggregate completely as long as adequate coating is achieved.  Hot-mix, cold-lay 

material should reach the stockpile with 2 to 3 percent water in the mixture.  ESCS 

aggregate may contain 4 percent or more depending on its absorption value.  For these 

reasons, the dryer must be able to handle volume quantities of ESCS aggregate equal to 

those of natural aggregates. 

 

14.11 Asphalt-Stabilized Bases with ESCS 

 

Use: ESCS asphalt bases can be used in almost all applications in which base courses are 

specified.  ESCS asphalt bases are, however, preferable to conventional bases in the 

following instances: 

 

 In deep lifts because ESCS aggregate has a lower heat capacity than dense natural 
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rock, thus allowing the pavement mat to cool more uniformly and compact 

evenly.  Placing asphalt in deep lifts is definitely advantageous when design and 

specification requirements permit. 

 

 Over thermal-sensitive areas because lightweight pavement has much better 

insulating qualities than dense natural-rock penetration – a real advantage if water 

lines and other frost-sensitive structures are beneath the pavement.  Loose ESCS 

aggregate sub-bases have also been successfully used for this applications in 

Calgary, Canada. 

 

 On weight-sensitive areas, because the lower overall weight of the ESCS asphalt 

bases can be a design advantage in bridge restoration and grade adjustments, over 

unstable soil, and in other weight-sensitive areas.  ESCS is also used to reduce the 

weight of compacted geotechnical fills by up to one-half, and to convert unstable 

soil into usable land.  (Ref. ESCS Publications, ―Rotary Kiln Produced 

Lightweight Aggregate for Geotechnical Applications‖ #6600. 

 

Structural design considerations: Laboratory and field work from several sources show 

that ESCS is entirely suitable as aggregate for asphalt-stabilized bases.  Because of the 

natural, high stability of mix designs produced with ESCS as the major percentage of 

aggregate, the asphalt content can be altered easily to change void content and assure 

adequate durability. 

 

Little, if any, change in design procedures is necessary when ESCS forms the major 

portion of the aggregate in flexible bases.  Internal friction is generally high, because of 

the rough microsurface texture of the ESCS aggregate.  The rough surface also allowing 

somewhat greater than average asphalt-film thicknesses on the aggregate particles.  This 

in turn permits movement in the pavement to relieve slowly applied stresses with a 

minimum of distress. 

 

Mixture Design Considerations 

 

 Unit weight: As mentioned in Section 14.8, the ESCS mixture design must be 

proportioned by volume to adjust for the increased volume of ESCS aggregate for 

an equal weight of natural rock aggregate.  This weight/volume adjustment 

insures the proper mixture of asphalt and aggregate.  Because base material is 

usually bid by the cubic yard, it may not be necessary to adjust the bid document 

when ESCS is used.  However, the contractor saves a substantial amount in 

freight costs because a much larger volume of ECSC mixture can be hauled per 

truckload. 
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 Resistance to the action of water: Probably more than anything else, adequate 

construction compaction is the best way to insure a waterproof and high-

performance asphalt base.  Unfortunately, not all bases are adequately compacted 

during construction.  Low-compaction density permits the intrusion of moisture 

that can be extremely damaging under certain environmental and service 

conditions.  To help prevent water intrusion, the contractor should use an 

aggregate that is not water susceptible and which is covered with an adequate film 

thickness of asphaltic binder.  Consult the Asphalt Institute Publication SP-2 

―Superpave Mix-Design for Asphalt Binder Recommendations‖. 

 

 Aggregate gradation and selection: Restricting the top size of many ESCS 

aggregates is structurally advantageous because the point stress is reduced in a 

given mass of material subjected to a fixed load if the number of stress points is 

increased.  Materials of finer particle size and of fixed quality are less likely to 

degrade. It should also be pointed out that, if the finished product is crushed 

before use, the weaker particles are most likely to be crushed which results in a 

more finely graded, more resistant material.  Smaller top sizes also permit use of 

local sands. 

 

Laboratory experiments and field trials verify the advantages of gap-graded 

mixtures with ESCS aggregate.  Gap grading improves the workability of the 

mixture when the gap is introduced between the No. 8 (2.36 mm) and the No. 30 

(600 µm) sieves.  Laboratory test and field trials should be made on all mixtures 

before they are used.  However, experience shows that mixtures made with fifty-

nine percent (59%) field sand and seven percent (7%) viscosity graded asphalt 

showed good workability in the field.  In these mixtures the ESCS was well 

graded from the ½ inch (12.5 mm) to the No. 8 (2.36 mm) sieve.  The field sand 

was one-hundred percent (100%) passing the No. 30 (600 µm) sieve with about 

fifteen percent (15%) passing the No. 200 (75 µm).  (Note: In this manual, asphalt 

content is figured as percent by weight of the total mixture.  In the preceding 

example, aggregate constitutes ninety-three percent (93%) by weight of the total 

mixture). 

 

The same ESCS aggregate mixture as above may produce a satisfactory and 

durable mix, by replacing some of the field sand with natural river sand that meets 

the approximate grading requirements of fine aggregate for Portland cement 

concrete.  However, caution must be taken when introducing natural river sand 

and superpave requirements on fine aggregate angularity should be followed.  

Natural river sand may reduce the pavements internal friction and ultimate 

stability. 

 

Using local, natural fines is encouraged, provided the selected materials are not 
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water susceptible.  A well-graded fine material sized from the No. 8 (2.36 mm) to 

dust is satisfactory.  Plastic fines should be eliminated.  The sand equivalent test is 

also useful to measure quality of the minus No. 4 (4.75 mm) fraction of the 

aggregate system.  General limits are not established for ESCS aggregate-natural 

fines mixtures; therefore, limits should be established by laboratory testing on the 

specific materials being used.  The obvious advantage of using local fines is cost 

reduction.  If using local fines does not lower costs, then ESCS fines are the better 

choice.  ESCS fines, if crushed, alter the workability of the mix, thereby requiring 

an increase in the amount of fines, and, most likely, an increase in the asphalt 

content.  During construction, such a design requires close compaction procedure 

control since it is more difficult to compact, just as are mixtures made with 

crushed, natural aggregates.  The cost of base mixtures could be reduced by using 

¾ inch (19 mm) top-size material and reducing the asphalt content. 

 

Construction considerations: The design considerations previously discussed in Section 

14.8, generally apply to asphalt bases using ESCS aggregate. 

 

Delayed release of moisture from the aggregate may cause slumping of the hot mix as it 

leaves the plant.  If so then it is wise to increase the dryer temperature or decrease the 

feed rate.  On the other hand, if mixture slumping creates no problem in placing or 

compacting, there is no need to eliminate slumping.  In fact, delayed release of moisture 

can provide certain advantages, such as reduced asphalt oxidation and improved mixture 

workability. 

 

Using a pneumatic rubber-tire roller as the intermediate compaction device is advisable.  

This is especially important for deep lifts up to 6 inches.  Final compaction with a steel-

wheel tandem roller removes any tire marks, provided rolling is properly timed. 

 

14.12 Micro-Surfacing and Slurry Seal 

 

This section is a brief introduction to micro-surfacing and slurry seal.  For detailed 

information and guidance the reader is advised to contact The International Slurry 

Surfacing Association (ISSA), 1101 Connecticut Avenue, N.W., Suite 700, Washington 

D.C 20036-4303, Phone (202) 857-1160.  Their publication A 143 ―Recommended 

Performance Guidelines for Emulsified Asphalt Slurry Seal‖ should prove particularly 

useful.  These guidelines also apply when ESCS aggregates are used.  Appendix L ―An 

Introduction to Slurry Seal‖ by Akzo Nobel, Spring 1997 Newsletter provides a good 

overview. 

 

The ISSA describe Micro-Surfacing and Slurry Seal as follows: 

 

“Micro-Surfacing is one of the most versatile tools in the road maintenance 
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arsenal.  Micro-surfacing is a polymer modified old-mix paving system that can 

remedy a broad range of problems on today‘s streets, highways, and airfields. 

 

―Like its parent product, slurry seal, Micro-Surfacing begins as a mixture of 

dense-graded aggregate, asphalt emulsion, water, and mineral fillers.  Micro-

Surfacing is made and applied to existing pavements by a specialized machine, 

which carries all components, mixes them on-site, and spreads the mixture onto 

the road surface. 

 

―Materials are continuously and accurately measured, and then thoroughly 

combined in the Micro-Surfacing machine‘s mixer.  As the machine moves 

forward, the mixture is continuously fed into a full-width ‗surfacing‘ box which 

spreads the Micro-surfacing across the width of a traffic lane in a single pass.  Or 

specially engineered ‗rut‘ boxes, designed to deliver the largest aggregate 

particles into the deepest part of the rut to give maximum stability in the wheel 

path, may be used.  Edges of the Micro-Surfacing are automatically feathered. 

 

―The new surface is initially a dark brown color and changes to the finished black 

surface as the water is chemically ejected and the surface cures, permitting traffic 

within one hour, in most cases‖. 

 

Slurry Seal consists of a mixture of emulsified asphalt, mineral aggregate, water 

and specified additives, proportioned, mixed and uniformly spread over a properly 

prepared surface.  The completed slurry seal leaves a homogeneous mat that 

adheres firmly to the prepared surface, and provides a friction resistant surface 

texture throughout its service life. 

 

Use: It is essential to observe proper design and construction procedures in using micro-

surfacing and slurry seal, as with any other paving material.  These operations appear 

simple, so material evaluation and engineered mixture designs are often overlooked and 

misused.  ESCS micro-surfaces and slurry seals are best used for the following 

applications:  

 

A. Improving the friction resistance of the roadway. 

B. Stopping an asphalt surface from raveling. 

C. Carrying light traffic pending the application of a permanent overlaid surface course. 

D. Acting as a holding device on prime bases during construction. 

E. Changing the surface color of structurally sound pavements. 

F. Leveling the wheel path of rutted pavements. 
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Generally, slurries are placed as ―wipe coats‖ or as distinct layers 1/8 to ¼ inch thick, 

with the ¼ inch thickness most commonly used.  Wipe coats cure or break rapidly and 

work well with multi-course applications.  Wipe coats are primarily used to stop surface 

raveling. 

 

Multi-course slurries: Using more than one course of slurry is advisable under certain 

circumstances, however, allow time to cure each layer adequately.  Adequate curing time 

is extremely critical in humid areas. 

 

Field conditions: Micro-surfacing should never be placed on surfaces that are dry, dusty 

or contain free-standing water.  Micro-surfacing should also be restricted to sound 

pavement, free of weak areas. 

 

Aggregate Gradation 

 

Well-graded material from1/4 inch to dust performs very well.  Because a rubber 

squeegee in the spreader box controls the thickness of the micro-surface layer, no 

oversized aggregate can be tolerated.  Oversized material hangs under the squeegee, 

causing striations in the soft, fresh slurry and leaves a poor surface appearance. 

 

ISSA recommends that the following aggregate gradation (including the mineral filler) be 

within one of the following bands, or one currently recognized by the local paving 

authority.  Aggregate should be tested in accordance to AASHTO T27 (ASTM C 136) 

and AASHTO T11 (ASTM C 117). 

 

 Type I Type II Type III  

Sieve Size No. Percent Passing Percent Passing Percent Passing Stockpile 

Tolerance 

3/8 (9.5 mm) 100 100 100  

4 (4.75 mm) 100 90-100 70-90 ±5% 

8 (2.26 mm) 90-100 65-90 45-70 ±5% 

16 (1.18 mm) 65-90 45-70 28-50 ±5% 

30 (600 µm) 40-65 30-50 19-34 ±5% 

50 (330 µm) 25-42 18-30 12-25 ±4% 

100 (150 µm) 15-30 10-21 7-18 ±3% 

200 (75 µm) 10-20 5-15 5-15 ±2% 

 

Some agencies have successfully placed rather heavy lifts of slurry containing aggregate 

with a top size of ½ inch (12.5 mm) to ¾ inch (19 mm).  Such mixes are not considered 

true slurries and are not discussed in this manual. 

 

 



 14-74 

Asphalt Emulsions and Tack Coat 

 

Residual asphalt contents of twelve to eighteen percent (12% to 18%) are used in micro-

surfaces, depending on the slurry‘s thickness and aggregate particle shape, texture, and 

absorption.  It is always advisable to design a micro-surface mixture in the laboratory and 

subject the design to abrasion in the presence of water to determine susceptibility to 

stripping.  Water-susceptible mixes should be avoided, or an anti-stripping agent should 

be used. 

 

Most ESCS aggregates absorb more water than natural aggregates.  For this reason, 

adequate curing is delayed slightly.  Using cationic emulsion of the SS type is advised 

because break occurs by aggregate surface attraction rather than loss of water through 

evaporation and absorption.  Cationic asphalt emulsions of the SS type are available with 

break times of 15 to 20 minutes when properly designed and placed under good weather 

conditions. 

 

If anionic emulsions are used, slurries should not be placed during humid or cool weather 

because it may require 24 hours or longer for them to cure. 

 

Ideally, the surface receiving slurry should be lightly tacked with a diluted asphalt 

emulsion that has been allowed to break before the slurry is placed.  Rolling the tacked 

surface with a pneumatic-tire roller can reduce break time of this tack coat.  All traffic 

should be kept off the tacked surface. 

 

Rate of Application 

 

The following information was taken from ISSA Publications A 105 and A 143. 

 

The slurry seal mixture shall be of proper consistency at all times so as to provide the 

application rate required by the surface condition.  The average application rate, shall be 

in accordance with the following table. 
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Suggested Application Rate 

________________________________________________________________________ 

 

Type I 

 

Parking Areas, Urban 

and Residential Streets 

Airport Runways 

Slurry Seal 

8-12 lbs/yd
2
 

(3.63-5.44 kgs/m
2
) 

Micro-Surfacing 

 

Type II 

 

Urban and Residential 

Streets Airport Runways 

 

12-20 lbs/yd
2 

(5.44-9.07 kgs/m
2
) 

 

10-20 lbs/yd
2
 

(5.4-18.6 kgs/m
2
) 

 

Type III 

 

Primary and Interstate 

Routes 

 

18-30 lbs/yd
2
 

(8.16-13.6 kgs/m
2
) 

 

15-30 lbs/yd
2
 

(8.1-16.2 kgs/m
2
) 

 

 

 

Wheel ruts 

  

Consult Publication A 143 

 

Application rates are affected by the unit weight of the aggregate, the gradation of the 

aggregate and the demand of the surface to which the slurry seal is being applied.  ISSA 

technical bulletin 112 gives a method to determine expected application rates. 

 

Micro-Surfacing is often put down in two full width passes in place of rut-filling when 

the rutting or deformation is not severe.  When two passes are used, the first pass (scratch 

course) is made using a metal strike off and applying only what the surface demands for 

leveling.  The second course is applied at 15-30 lbs/yd
2
 (8.1-16.2 kgs/m

2
). 

 

14.13 Stabilized Aggregate Bases (made with ESCS and local soil binder) and 

ESCS Geotechnical Fills 

 

Use: The following paragraphs discuss the mechanical stabilization of bases and sub-

bases in which ESCS forms the major portion of the aggregate system.  In general, there 

is not fundamental difference in design and construction of bases made with ESCS 

lightweight and natural aggregates.  Both ESCS and crushed stone develop high-internal 

friction and form a strong aggregate interlock. 

 

ESCS stabilized bases, sub-bases, and geotechnical fills are, however, preferable to 

natural material in the following instances: 

 

 On weight-sensitive areas ESCS bases are about half the weigh of natural 

aggregate base.  This over-all weight reduction is a real design and economical 

advantage when roads and embankments are built over unstable soil or marsh 

lands.  Time consuming delays for consolidation are avoided. 

 

The reduction in weight, coupled with the increase in stability provided by 
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ESCS‘s high angle of internal friction, greatly reduces long-term differential and 

overall settlement.  Service life and motorist satisfaction are increased because 

with less differential settlement a smoother ride is provided.  Maintenance 

problems and costs are also much less when ESCS base is used over unstable soil. 

 

 ESCS Geotechnical fills are used for elevated parks and plazas, behind retaining 

walls, over underground structures, or wherever reduction of dead load or lateral 

pressure is required. 

 

 Over thermal sensitive areas, ESCS base has much better insulating qualities than 

dense natural-aggregate bases.  In cold climates water pipes can be installed at 

shallower depths when placed under ESCS insulating bases or when ESCS is used 

as cover and bedding around water pipes. 

 

ESCS bases can greatly reduce frost heave by insulating road sub-bases and 

preventing formation of ice lenses.  ESCS also reduces moisture movement by 

acting as a capillarity brake. 

 

ESCS is used in parking lots, industrial areas, and electrical sub-stations to 

insulate shallow foundations and eliminate structural movement caused by frost 

heave. 

 

A successful project must employ a competent materials engineer to make sure ESCS 

lightweight aggregate is used effectively.  The engineer should be knowledgeable about 

pavement design and the stresses produced within each layer of pavement during 

construction.  In thermal sensitive uses, the engineer must understand the thermal 

properties of the ESCS material being used.  For additional information, see ESCSI 

Publication #6600, ―Rotary Kiln Produced Lightweight Aggregate for Geotechnical 

Applications‖. 

 

Binder material 

 

ESCS aggregate contains no clay, silt, or plastic fines.  Fines with a low plasticity, such 

as a sand and clay, must be added to produce a water bound, flexible base material in 

which the major constituent is ESCS aggregate.  The sandy clay should have a plasticity 

index of 15-25.  Plant blending the ESCS and sandy clay is preferred to insure a uniform, 

well-graded mixture with the right moisture content.  Decreased construction time to 

achieve the specified proctor density, should easily offset the plant-blending costs.  Plant-

blended material should meet the specification, thus minimizing costly material rejection 

during construction inspections. 

 

Low-plasticity index clays can be used to produce controlled plasticity, if the ESCS 

aggregate is well-graded down to the No. 50 (330 µm) sieve size.  Many ESCS aggregate 

plants produce smokestack fines suitable for this purpose, but adequate quality control 

must be exercised to insure a serviceable end-product. 
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It is important to remember that the purpose of introducing the fines‘ fraction is to 

improve compatibility when needed to meet a specific weight and strength specification.  

Excess fines, whether plastic or not, can cause base failure during construction or later 

when the road is in service. 

 

Stabilization of Bases and Sub-bases 

 

Mechanical stabilization: Mechanical stabilization (compaction) is defined as the 

structural improvement of a given pavement layer as it is compacted.  Compaction is 

necessary to improve the structural strength of all layers of any flexible pavement.  The 

crushing strength of ESCS aggregate is less than natural rock or crushed stone, therefore, 

it is advisable to densify ESCS blends using pneumatic rollers only.  The tire pressure 

should be low at first, increasing as the density of a lift builds-up.  Pneumatic rollers exert 

a contact pressure approximately equal to the tire-inflation pressure which is very 

important in achieving the desired in-place density. 

Steel rollers should not be used because they exert a surface stress intensity of about 500 

psi, regardless of the rollers‘ gross weight.  This stress level exceeds the crushing strength 

of most ESCS particles.  Sheepsfoot and grid rollers should also be avoided as well as, 

slush rolling should not be practiced because it leaves a plane of weakness between 

successive layers and increases the likelihood of degradation.  Slush rolling is defined 

here as placing a layer of large clean aggregate over a much fine sub-base and then using 

large quantities of water and heavy rolling to blend the two layers together. 

 

It is essential to control the moisture content carefully at all times.  For best results, begin 

compaction on the wet side of optimum, and compact back through optimum. 

 

Chemical stabilization: Cementing-type chemicals can be used with bases made with 

ESCS aggregates as well as many natural aggregates.  The two most widely used 

chemical stabilizers-hydrated lime and Portland cement-both work well with ESCS.  The 

characteristics of the fines fraction of the base material normally determine the selection 

of one of these agents over the other.  Generally, hydrated lime is more effective on 

materials containing plastic fines‘, whereas Portland cement is most effective for non-

plastic materials.  In any case, it is advisable to perform laboratory tests to arrive at the 

most satisfactory and economical design. 

 

Adequate moist curing is essential for cement-stabilized materials.  The base exchange 

and cementing action of hydrated lime require warm soil conditions, preferably 60ºF 

(15ºC) and above.  Reaction rates at temperatures much below 60ºF (15ºC) are quite low.  

For temperatures continuously below 50ºF (10ºC) lime stabilization is not recommended.  

Other stabilizers, such as fly ash, are available but are not discussed in this manual. 

 

Compaction of ESCS Geotechnical Fills 

 

Compaction requirements of conventional geotechnical fills, i.e., soil, are commonly 

established by choosing a desire degree of relative compaction (typically 90 percent) 
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based on a maximum dry density obtained in the laboratory using methods such as 

ASTM D 698, D 1557 or similar.  Field density is generally determined using test 

methods such as ASTM D 1556, D 2922, or similar. 

 

For ESCS fills, this practice cannot be applied directly due to the following reasons: 

 

 Laboratory maximum dry density: Test methods such as ASTM D 698, D 1557 

or similar, increase the amount of fine particles in the test sample as a result of 

particle crushing during impact of the compaction rod.  This results in a 

―measured‖ density that is higher than what would be obtained with the same 

compaction energy if no crushing occurred, which is the case when field 

compaction is performed using rubber-tire equipment.  The determined maximum 

dry density using these methods should be considered an ―approximate‖ value and 

should not be used to establish a pas/fail criterion. 

 

 Field or in-place density: Evaluation of field density in ESCS fills using the 

Sand Cone method (ASTM D 1556) is generally difficult due to the instability of 

the test hole.  Use of a nuclear gage (ASTM D 2922) should be done only if the 

gage has been calibrated using ESCS fill.  Gages used in daily geotechnical 

practice are typically calibrated using standardized blocks ranging from about 100 

to 150 lbs/ft
3
 in density.  Trying to calibrate a nuclear gage for ESCS use from the 

standard blocks is not recommended.  Calibrating a nuclear gage for ESCS must 

be done on a block of ESCS aggregate.  The density of the ESCS test lock is 

determined by other methods. 

 

For these reasons, it is recommended that compaction requirements for ESCS fills be 

established using a Method-Based specification.  The specification should contain a 

desired gradation, maximum dry density, maximum loose thickness of lift, equipment 

type (or contact pressures), and minimum number of equipment passes. 

 

Compaction of ESCS fills is best accomplished using rubber-tired equipment.  Steel-

tracked compaction equipment should be avoided as it may cause excessive particle 

crushing. 

 

Contact the ESCS producer for details on selection of gradation, maximum dry 

density, compaction equipment, number of passes, and calibration of the nuclear 

gage. 

 

 

14.14 Asphalt-Rubber Pavement 

 

The properties and use of asphalt-rubber materials for various paving and maintenance 

activities have been well documented and, therefore, will only be covered briefly here.  

Substituting ESCS aggregate for normalweight aggregate (by volume) is essentially all 

that is required to achieve the many benefits previously mentioned in this manual. 
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Asphalt-rubber is a mixture of seventy-five to eighty percent (75-80%) hot-asphalt 

cement and twenty to twenty-five percent (210-25%) ground, recycled-tire rubber, mixed 

at a temperature of about 400ºF (200ºC) to cause a reaction.  A small amount of diluents 

is added to the mixture to improve its flow characteristics for spray application. 

 

Asphalt-rubber pavements are used in Arizona, California, Texas and Florida, and when 

ESCS aggregate has been incorporated the resulting pavement has performed very well. 

 

Asphalt-rubber chip seal 

 

In the mid 1960‘s, the city of Phoenix, Arizona pioneered the use of asphalt-rubber chip 

seal.  In 1988 they installed the first asphalt-rubber chip seal using ESCS aggregate to 

eliminate automotive-windshield damage on high-traffic volume streets (30,000 ADT 

plus).  With a typical service life of approximately fifteen years and an installation cost of 

about one-half that of a 1-1/2 inch hot-mixed asphalt overlay, asphalt-rubber chip seal 

offers many advantages. 

The Asphalt-Rubber Producers Group (ARPG), 312 Massachusetts Ave., N.E., 

Washington, D.C. 20002, has publication, A Twenty Year Study of Asphalt-Rubber 

Pavements in the City of Phoenix, Arizona, by E. Charania, J.O. Cano, and R.H. 

Schnormeir, that covers the use of Stress Absorbing Membrane (SAM) and Stress 

Absorbing Membrane Interlayer (SAMI).  SAM is a hot Asphalt-Rubber chip seal 

applied to a distressed, cracked surface.  SAMI is a hot, asphalt-rubber chip seal applied 

to a surface followed by 1-1/2 to 2 inch asphalt- concrete overlay.  SAMI‘s are generally 

used on major streets with a great number of utility cuts in addition to extensive cracking.  

Asphalt-rubber applications have allowed the city of Phoenix to incorporate existing 

pavement that were evaluated to be structurally inadequate.  This resulted in substantial 

savings for the City. 

 

The following guidelines, specifications, and conclusions were taken from the above 

mentioned publication:  

 

Guidelines and specifications for use of asphalt-rubber chip seal: The following 

guidelines and specifications have been developed for the use and application of asphalt-

rubber chip seal on city streets. 

 

 Asphalt-rubber is produced with eighty percent (80%) hot asphalt cement and 

twenty percent (20%) coarse-ground recycled-tire rubber, heat digested at a 

temperature of about 400ºF (200ºC). 

 

 Aggregates used are 3/8 inch (9.5 mm) or ¼ inch (4.75 mm) nominal and are hot 

precoated.  [Precoating may not be necessary with ESCS]. 

 

 Asphalt-rubber is generally applied at a rate of 0.6 gallons per square yard. 

 

 Hot-precoated normalweight chips are applied at a rate of 3-40 lbs/yd
2
.  (The 

volume of ESCS aggregate will be about the same, but the pounds per square yard 
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will be considerably less [approximately 17 lbs/yd
2
].  Consult the ESCS suppler). 

 

The chip seal produces a unique paving material with superior engineering properties.  

The main advantage of the asphalt-rubber chip seal treatment has been virtually complete 

cessation of surface maintenance for twelve (12) years except for utility cuts.  Cracks 

have not reflected through the seal on aged pavements.  Continued observations on 

treated streets confirm the significant advantage of this method in preventing reflective 

cracking.  Long term studies have shown cracks less than 0.25 inch wide do not generally 

reflect through the seal for 8 years, and in some cases for as many as 12 years.  In 

occasional cases when reflection cracking occurred, there was no spalling or deterioration 

into potholes. 

 

Transverse cracking has not been totally stopped by asphalt-rubber SAM or SAMI.  

However, secondary cracking that normally radiates off a primary transverse crack does 

not normally occur.  Secondary cracking usually causes potholes at major cracks.   

 

The greatest advantage in stopping reflective cracking has been in alligator type of cracks 

and shrinkage cracking.  Any crack that is greater than 0.3 inches should be prepared and 

filled. 

 

Conclusions on the use and advantages of asphalt-rubber chip seal in the city of 

Phoenix, Arizona:  Chip seals have been very dependable maintenance treatment for city 

streets.  They have added extra life to the pavements and enabled the city to delay 

reconstruction of the streets that would otherwise have been needed. 

 

Asphalt-rubber seal coat SAM‘s and SAMI‘s have given the pavement-management 

system several advantages as summarized below:  

 

1. Retards reflective cracking in paving materials with less than one-quarter-inch cracks 

for 8 to 12 years. 

2. Stops secondary cracking up to 15 years. 

3. Retards spalling of asphalt concrete around potholes and larger cracks. 

4. Waterproofs the structure to obtain maximum stability. 

5. Seals and preserves the in-place original quality of the asphalt cement and the asphalt 

concrete. 

6. Reduces maintenance considerably due to all of the above factors. 

7. Seals the subgrade to minimize volume changes that take place due to moisture 

changes. 

8. Serves as a stress absorbing interlayer to reduce future maintenance. 

9. Fills cracks and seals joints. 

10. If another asphalt-rubber seal, fog seal, or rejuvenation seal were applied at the proper 

time, the pavement life can be extended. 

11. Asphalt-rubber seals last two, to two-and-one-half times longer than most standard 

seals in Phoenix.  If preventive seals were applied at the right time, the seals would 

last two to five times longer. 
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In spite of the successful use of asphalt-rubber, it must be used with careful 

considerations for the pavement structural condition, its absorption properties, the size of 

the cracks, and its intended use.  Although asphalt-rubber absorbs pavement stresses and 

does seal, it does not stop cracking or failures in the existing pavement or subgrade-the 

cracks are still present although they do not come to the surface to cause problems.  

When used as a SAMI, experience has shown the minimum overlay thickness should be 

1-1/2 inches (38 mm) to prevent reflection. 

 

Appendix I, ―International Surfacing Inc., Guide Specification for Asphalt-Rubber Stress 

Absorbing Treatments‖, provides helpful information and notes to engineers on asphalt-

rubber chip seals. 

 

Hot-Mixed Asphalt-Rubber Concrete Pavement (open, dense, and gap-graded) 

 

International Surfacing, Inc., Publication, ―Design Methods for Hot Mixed Asphalt-

Rubber Concrete Paving Materials‖, by James G. Chehovits, Chief Engineer, Sealants; 

Crafco Inc., October 30-31, 1989, covers this subject in detail.  The publication describes 

design procedures which have been developed since 1984 as the result of approximately 

30 hot-mixed paving projects that used asphalt-rubber binder.  Procedures for selecting 

the asphalt-rubber material proportions and resulting desire properties, mixture 

aggregates, and binder contents for dense, open, and gap-graded mixture types are 

presented along with suggested construction guidelines and specifications. 

 

Appendix H provides the International Surfacing Inc., detailed ―Guide Specification for 

Open, Dense, and Gap-Graded Asphalt Concrete Pavements with Asphalt-Rubber 

Binder‖, with helpful ―Notes to Engineers‖. 

 

The following two comments on aggregate from James Chehovits, “Design Methods for 

Hot-Mixed Asphalt-Rubber Concrete Paving Materials” are also helpful: 

 

―Aggregate for dense-graded asphalt-rubber concrete: Dense-graded asphalt-rubber 

concrete pavements are composed of typical dense-graded type aggregates [ESCS 

Aggregate also works well] and appropriate asphalt-rubber binder.  Aggregate should 

meet the same quality requirements as for conventional asphalt concrete which would be 

used in similar applications.  Due to the presence of the rubber particles in the asphalt-

rubber binder, the aggregate gradation for dense-graded mixtures should be maintained 

on the coarse sided of the gradation band.  Gradations which plot between the maximum 

density line and the upper limit of the band should be avoided, (Fig. 14.24).  Maintaining 

the gradation on the middle to coarse side of typical dense-graded bands is important to 

provide sufficient void spaces in the aggregate for the rubber particles.  If the gradation is 

too fine, or the rubber particles are too large, compaction problems resulting from rubber 

interference between aggregate particles can result.  This effect is indicated by two 

observations during the mixture design procedure.  First, immediately after compaction 

and while hot, the mixture will appear to have a somewhat unstable and ―spongy‖ 

characteristic if coarse aggregate particles are pressed into the mixture.  Second, a 

relatively level trend in mixture air voids data will be noticed with increasing asphalt-
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rubber contents, instead of the typical decrease in air voids.  Both of these effects can 

generally be reduced and eliminated by coarsening the gradation, or by reducing rubber 

particle size used.  Suggested gradation limits for 3/8 inch (9.5 mm), ½ inch (12.5 mm), 

and ¾ inch (19 mm) maximum sized dense-graded mixtures for use with asphalt-rubber 

binder are listed in Appendix H. 

 

“Aggregate for open-graded asphalt-rubber concrete:  Aggregate used for open-grade 

Asphalt-Rubber concrete should meet the same quality requirements as for conventional 

asphalt concrete which would be used in similar applications.  Recommended aggregate 

gradations are listed in Appendix H.  These gradations are typical of many 3/8 and ½ inch 

open-graded mixtures used throughout the United States.  For the 3/8 inch (19.5 mm) 

gradation, overlay thickness should not exceed 1 inch (25 mm).  For the ½ inch (12.5 

mm) gradation, maximum thickness should be 1-1/2 inches (38 mm).‖ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.24  Illustration of gradation area to avoid 

 with a typical dense-graded gradations  

when using asphalt-rubber binder. 

 

California I-15 asphalt rubber chip seal project: 

 

In August 1996 Cal-Trans placed approximately 20 lane miles of asphalt-rubber chip seal 

project using a special gradation of ¾ inch (19 mm) expanded shale (ESCS) aggregate 
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from Pacific Custom Material, Port Costa, California. 

 

The project is on I-15 between Los Angeles and Las Vegas neat the Bell Mountain Wash 

area.  An ESCS asphalt-rubber chip seal was selected to extend the life of the roadway by 

building up the surface and improving the friction resistance without creating motorist 

complaints caused by flying stones and windshield damage. 

 

Some specific‘s about the project: 

 

 Project size 4.8 miles (7.7 km) long, 4 lanes wide, 48 ft. (14.6 m), total area 

135,170 yd
2
 (113,000 m

2
). 

 

 ESCS aggregate was heated to about 300ºF (149ºC), and precoated at the rate of 

2.5 to 3.0 percent by weight of ESCS with AR-4000 paving asphalt and then 

hauled 12 miles (19 km) to the job-site when it was spread at approximately 85 

square yards per cubic yard. 

 

 The hot-asphalt rubber mixture or binder composed of AR-4000 and up to 22% 

crumb rubber was pre-blended at a centralized job mix site.  The binder was 

maintained at a temperature of approximately 400ºF (200ºC) and sprayed onto the 

pavement surface at the rate of between 0.55 and 0.65 gallons per square yard. 

 



 14-84 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.25  Prior to the start of the I-15 job, the ESCS (Baypor) ESCS 

aggregate was stockpiled at the Industrial Asphalt hot plant in Oro Grande, 

California.  The aggregate was precoated at the rate of 2.5 to 3.0 percent by 

weight of lightweight aggregate with AR-4000 paving asphalt.  It was then 

loaded into end dump trucks for about a 12 mile (19 km) trip to the jobsite. 
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Figure 14.26 Asphalt-Rubber distributor truck 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.27  I-15 Asphalt-rubber chip seal 

project showing chip spreader. 
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Figure 14.28  I-15 Asphalt-rubber chip seal  

project showing three pneumatic rubber-tired 

rollers following the chip spreader. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.29  A self-propelled rotary “sidekick” sweeper 

broom removing loose aggregate from the pavement. 
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Figure 14.30  Longitudinal edge joint showing excellent adhesion, embedment 

and distribution of the aggregate in the asphalt-rubber binder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.31  Close up of finished surface with 

U.S. $.25 coin (quarter) as reference. 

































































































































































































































































































































































 

 

 

 

 

 

Appendix 14E 
ASTM D 5360 “Standard Practice for Design and 
Construction of Bituminous Surface Treatments” 

 

 
Visit www.ASTM.org for document 
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