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Chip seals are used to improve the surface friction or skid 1·esistance of 
streets and highways. Their desirability is discussed. Properties includ­
ing aggregate gradation, type, size, and mineralogy and surface texture 
are reviewed; bituminous binder type, viscosity, and amount are discussed 
and related to field experience. Relations of factors associated with the 
binder and the aggregate are evaluated. Also evaluated are design, con­
struction, and performance to improve skid resistance of the finished 
surface. 

•THE LITERATURE abounds with articles dealing with the many facets of street and 
highway renovation or improvement by conventional chip seal, which consists of sepa­
rate applications of bituminous binder and cover aggregate. Chip seals have for many 
decades been used primarily for purposes other than improved skid resistance although 
improved skid resistance would often result from this type of maintenance. In this 
paper attention is centered on chip seals used as corrective measures for streets and 
highways with undesirably low surface friction or skid resistance. Pros and cons from 
the owner-user and producer-contractor viewpoints are discussed. Basic factors such 
as material properties including aggregate gradation, type, size, and mineralogy; sur­
face texture and size; and bituminous binder type, viscosity, and amount are related to 
field experience as these factors affect the skid resistance properties of various ma­
terial combinations under traffic in rural and urban areas. 

Past investigations have dealt with basic objectives and benefits of conventional seal 
coats (2, 3, 4). Researchers have reported on design procedures, aggregate require­
ments, and construction-related operations (1, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14). 
More recently, however, investigators have directed increasing attention to the skid 
resistance properties of seal coats and the desirable attributes of cover aggregate and 
bituminous binder (15, 16, 17, 18, 19, 20). 

Kari, Coyne, andMcCoy '(21),whodescribed in detail the relationship of the input of 
the binder to the success of the job, dealt with the desirable properties of binder con­
sistency and durability. Specifically the authors stated that 

Asphalt binders suitable for seal coats must have the following properties: 

1. Be capable of being sprayed uniformly over the road surface. Streaking, bleeding and ravel­
ing can be minimized by controlling the uniformity of longitudinal and transverse spread. 

2. Resist runoff, i.e., not flow off the pavement after application. This insures sufficient binder 
to prevent loss of cover aggregate on grades and super elevations. 

3. Wet the aggregate and be sufficiently fluid to permit compaction of the seal. This becomes 
critical in cold weather due to the increase in asphalt viscosity. 

4. Rapidly develop cohesion and bond to both the pavement and mineral aggregate. Shoving 
and scuffing during hot weather will result when cohesion is low. 

5. Resist displacement by water and other disruptive forces (i.e., gravitational and mechanical 
forces). Loss of bond between the asphalt and aggregate will result in raveling. 
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6. Resist factors influencing aging. Hardening of the binder will result in fracture of the asphalt 
film and raveling under traffic. 

7. Be uniform from one delivery to the next. Product uniformity aids in the successful con­
struction of a seal coat. Product uniformity is dependent upon suitable specifications. All of the 
desired performance properties listed above are related to or can be described in terms of con­
sistency and durability. 

One may readily infer from this list of requirements that a relationship among 
weather, climate, and binder properties exists and that binder durability is vital. Ag­
gregate properties that are necessary for producing high-quality seal coats include 
items such as amount of stone, gradation, size, shape, abrasion resistance, color, 
moisture condition, cleanliness, adhesion, freeze-thaw resistance, and polish suscep­
tibility . Details of the relative effects of these properties are discussed by Herrin, 
Marek, and Majidzadeh (1) · Kers ten and Skok (11) ; McLeod (2); Gallaway and Harper 
(12); Benson and Gallaway (~); and Wilson (33>:- -

Each method on the design of seal coats contains certain differences based primarily 
on available materials, individualized traffic demands and to some extent the personal 
likes and dislikes of the person who developed the method. Design methods deal pri­
marily with application rates for binder and cover aggregate with estimated adjustments 
for condition of the surface to be sealed, amount and type of traffic expected during the 
estimated life of the seal, and climatological effects of these factors. 

Hveem, Lovering, and Sherman (9) proceeded from the work of Hanson (23) and de­
veloped nomograms to estimate amounts of binder and cover stone for given material 
properties and traffic demands. Nevitt (24), in his work on seal-coat design, stressed 
a point that has grown continuously in importance over the years-the thrifty use of all 
materials and efforts. Nevitt also stressed the importance of aesthetics, a point that 
commands the respect of concerned road maintenance personnel today. Others who 
have published seal - coat design procedures are Kearby (6), Benson and Gallaway (5), 
Lovering (25), Kuipers (26), and McLeod (2). Their common design thread is the -
selection ciI1he proper amount of binder for a given top size and grading of cover stone. 
Usually a binder quantity adjustment for road surface condition is included. Primarily, 
this adjustment is based on surface texture, although none of the articles specifically 
referred to adjustment as being based on surface texture. 

Two factors omitted by many writers are those of traffic type, volume, and weight 
and effect of a soft substrate. Nor was much said about climate in relation to selection 
of binder viscosity. 

Empirical curves were presented by Gallaway (27) for estimating a binder quantity 
correction for traffic volume. These curves assume average rural traffic, 15 percent 
of which is trucks. The correction provided for additional binder scaled from no cor­
r ection for traffic above 1,600 to 2,000 vehicles per day (vpd) for 2 lanes to a maximum 
correction of 0-05 to 0.06 gal/sq yd (0.23 to 0.27 lit re/m2

) for t raffic volumes less than 
about 50 vpd. 

Cover aggregate may be submerged in the binder, not because the design was incor­
rect but because the stone was forced into the underlying substrate or existing surface. 
Problems of this type are associated with inadequate compaction (low density) of the 
surface layer that is to receive a seal. It is often relegated to restricted areas such 
as patches that have been made before sealing. If parts of the surface require rework­
ing in preparation for sealing, they must be adequately dense to prevent intrusion of the 
cover stone because intrusion often results in flushing. 

For an average rural highway carrying a traffic volume of less than about 2,000 vpd, 
the percentage of trucks may be expected to be rather low and restricted in loads; there­
fore, the usual seal coat design will disregard the effect of heavy loads and high tire 
pressures. The ill effects of this omission are shown in Figure 1. In the construction 
of this seal coat a full road width distributor was used to apply binder to the entire sur­
face in 1 pass. Loaded haul trucks, not anticipated in the design stage, caused the 
problem in the flushed lane. The other lane, which apparently has received the design 
amount of traffic, is performing beautifully. 

Excessive horizontal shear forces can cause similar problems; these will exist on 



Figure 1. Flushing seal coat caused by unexpected 
truck traffic. 

Figure 2. Flushed seal coat caused by cornering action of traffic dislodging cover stone. 
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Figure 3. Binder demand affected by surface hunger. Figure 4. Lack of uniformity of surface to be sealed. 
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sharp curves and at intersections, particularly, in urban areas. A schematic of this 
effect is shown in Figure 2. Different approaches may be used to solve this problem. 
One is to avoid the use of a seal when it would be subjected to this type of traffic. 
Another possibility would be to select a higher viscosity binder and use this in combina­
tion with a smaller-sized cover stone. A smooth-textured stone would not be dislodged 
as easily as a rough-textured stone, but for safety reasons alow-friction surface should 
be avoided. 

MATERIAL SELECTION 

In preparing specifications for a job, one should remember to write them around 
(a) available materials, (b) contractor capabilities, (c) buyer's willingness to accept 
contractor's finished product, and (d) for most p-;1blic streets and highways, general 
public acceptance of facility performance. Selection of the binder and cover aggregate 
must be economically justifiable as well as technically sound (25). The general charac­
teristics of the binder have been discussed in detail by many writers (2, 28, 29, 30, 
31, 32, 33, 34, 35, 36, 37, 38). Much also has been written on the interaction oTihe 
properties ofcover aggregate and binder for a given design and environment and how it 
relates to skid resistance of the surface (18, 19, 20, 39, 40, 41, 42, 43, 44, 45, 46, 
47). It is evident from the findings that for prolonged high skid resistance, the selected 
cover aggregate must possess and maintain both macrotexture and microtexture during 
its service life. Adequate macrotexture may be available in suitable size ranges in 
both natural and manufactured aggregates. 

Natural aggregates that abrade rather than polish under the action of weather and 
traffic usually meet microtexture requirements as do aggregates composed of a proper 
mixture of hard and soft particles. Sandstones are examples of the former and con­
glomerates, the latter. Hard particles dispersed in a soft matrix such as silica sand 
in a limestone matrix have also been found suitable as nonskid cover stone (19, 48). 

Lightweight manufactured aggregates have been used widely to produce high-friction 
surfaces. The critical property of such materials is microtexture, which exists 
throughout individual "stones" as blebs or gas pockets formed during the heat cycle of 
manufacture. Such microtexture is subject to continuous renewal under the action of 
traffic. The manufacture of "engineered" aggregates is technically and economically 
feasible, and proof of performance has been published by James (49 ), Britton (45), and 
Gallaway and Epps (42). Again, a key property is that of renewable microtexture, 
which is often controllable in raw material formulation and in manufacturing. 

A factor of primary importance that is often entirely neglected in the design phase 
is the magnitude of the tumbling force of a pneumatic tire operating in the cornering 
slip mode, a common mode in urban traffic. The magnitude of this tumbling force is 
affected primarily by the friction between the tire and the contacted aggregate and the 
length of the moment arm from the center of rotation of a given stone. This moment 
arm, therefore, directly relates to the size of the cover aggregate. Or, large stones 
generally are more easily tumbled than small ones. This assumes roughly equal bond 
tenacity for all sizes of stone, which seldom prevails because an adequate design calls 
for a binder quantity equivalent to an embedment depth equal to about half the average 
stone size. So, a dilemma exists. It is questionable whether conventional seal coats 
should be used in moderate to heavy urban traffic for this reason. The reasoning is 
sound, and we recommend against the use of seals under this type of traffic. The use 
of high-friction aggregate simply aggravates the problem. If one persists in the use 
of chip seals for medium to heavy urban traffic, extreme care in the design and con­
struction phases of the job is absolutely necessary. Things to be considered include 
condition of the surface to be sealed (Figs. 3 and 4), type and weight of traffic to be 
encountered, and climate. 

Conventional seal coats are highly effective and economically justified on lightly 
traveled city streets, county roads, and rural highways subject to traffic volumes up 
to approximately 4,000 vehicles per lane per day, provided such rural highways do not 
have numerous steep grades and sharp turns. This type of road would be in the same 
category as those that carry heavy urban traffic. 
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Use of single-sized aggregates is logical because one can closely determine binder 
demand for an assumed embedment depth. The margin for error in arriving at the 
design binder application rate is greater for single-sized stone. Specifying an aggre­
gate size is simple, but its economical production is often difficult. For some sizes 
for which there are limited needs, prices are high. Handling and hauling may cause 
the specified sizes to change and cause rejection at the job site. Although seals made 
from such select stone are visually pleasing, it is difficult to attribute service per­
formance to stone size alone. One might claim that a certain stone size causes better 
water escape at the tire-pavement interface at high speeds and under inclement weather 
conditions, but this would be difficult to prove. 

Carefully controlled laboratory tests by Benson and Gallaway (5) and others have 
shown conclusively that cover aggregates with excess fines cause extensive problems. 
Because such cover aggregates are usually available at reduced costs, they are used 
when price is important in material selection. But, results are often disastrous 
especially when uniformly good skid resistance is desired. Size control is definitely 
important to uniform skid performance of a road surface. Macrotexture obtained by 
exposed rugosity of cover aggregate ensures water escape at the tire-pavement inter­
face and in locked-wheel stops. So, a compromise is necessary. Small amounts of 
oversized and undersized material can be permitted in specifications. However, cau­
tion is recommended, particularly on the permissible amount of dust. More than 1 
percent dust is highly detrimental to the early establishment of a bond. A disadvantage 
of oversized material is dislodgment by traffic, which causes flying stones (12). A 
wide range of sizes makes it difficult to optimize binder quantity. Small particles will 
be inundated and large stones will be embedded too lightly. Oversized material should 
not exceed about 2 percent and no material should be retained on the next larger sieve. 
Example specifications of the Texas Highway Department (THD) are given in Table 1 
for item 302, class B cover stone (50). Sizing requirements for THD item 303, light­
weight aggregates, are given in Tabie2. It is interesting to note that similar grades 
given in these tables are not sized the same way. The lightweight material is somewhat 
coarse probably because some breakdown is expected in hauling and handling. And, 
only 3 grades (size ranges) are given for the lightweight material. Extensive experience 
in Texas with lightweight manufactured aggregates has shown conclusively that grades 
other than these 3 are both unnecessary and undesirable. Larger sizes are generally 
more difficult to produce and are usually structurally weak; smaller sizes create 
design and construction control problems. 

Bituminous binders for seal coats include asphalts and tars, and both materials have 
performance advantages. The primary differences in the 2 types of binder are tem­
perature susceptibility and wetting ability. rars are more susceptible to change in 
viscosity with change in temperature, and they are better wetting agents than are 
asphalts. Both binders are available in different forms such as cements, cutbacks, 
and emulsions and in a wide range of viscosities. This ,7ide choice of binder form and 
property adds to the difficulties of the seal-coat designer. Uniform distribution in the 
desired amount of residual cement is the general objective in seal-coat work, but per­
formance viscosity is often critically important. Selection of the form of binder may 
be based on convenience. Let us assume that different forms and viscosities are 
available and that recommendations will be made in keeping with construction con­
straints and service demands for improved surface friction. Binder service viscosity 
should be determined by compromise, considering the primary factors of climate, con­
dition of surface to be sealed, and anticipated traffic including both volume and weight. 
Other minor factors may be included, but generally these will be found to have an effect 
so small as to be clouded by lack of construction control. Cold climates require softer 
binders with viscosities around 300 stokes (0.03 m 2 /s) at 60 C (THD AC-3); hot climates 
require hard binders with viscosities of 1,000 to 1,500 stokes (0.1 to 0.15 m 2/s) at 60 C. 

Bond tenacity is critical and is determined primarily by binder viscosity at service 
temperatures and aggregate surface properties and secondarily by depth of stone em­
bedment (51). Establishment of this bond is assumed to be effected by intrusion of the 
stone into the binder and its preferential wetting (29 ). Wetting of the stone is enhanced 
by having the stone clean and dry for hot cements and cutbacks and clean and slightly 
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Table 1. Class B aggregate for surface 
treatments. 

Table 2. Lightweight aggregate for 
surface treatments. 

Figure 5. Shaded areas of seals using 
emulsions develop bond more slowly 
than exposed areas. 

Figure 6. Binder demand may vary 
across pavement and transverse 
adjustment of spray bar output may be 
required. 

Percent Retained 

Sieve Size Grade 1 Grade 2 

1 in. 0 0 
'la in. 0 to 2 0 
'/.in. 20 to 35 O to 2 
% in. 85 to 100 20 to 35 
1/, in. 85 to 100 
% in. 95 to 100 95 to 100 
'/. In. 
No. 4 
No. 10 99 to 100 99 to 100 

Note: 1 in , = 25.4 mm. 

Percent Retained 

Sieve Size Grade 3 Grade 4 

% in. 0 0 
% in. 0 to 5 0 
%in. 30 to 50 Oto 5 
% in. 85 to 100 20 to 40 
1
/. in. 95 to 100 
No. 4 95 to 100 
No . 10 98 to 100 98 to 100 

Note: 1 in. = 25.4 mm. 

Grade 3 Grade 4 Grade 5 

0 0 0 
0 0 0 
0 0 0 
0 to 2 0 0 
20 to 35 Oto 2 0 
85 to 100 20 to 35 0 
95 to 100 Oto 5 

95 to 100 
99 to 100 99 to 100 99 to 100 

Grade 5 

0 
0 
0 
0 to 2 

60 to 80 
98 to 100 
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wet for emulsions. Wetting of the stone by the binder requires time. And more time 
is necessary when viscosity increases at the time the 2 materials are mated. For 
example, bituminous cements sprayed at 300 F (150 C) on a road surface at 120 F 
(40 C) will cool to approximately 130 F (54 C) in less than 3 min. Cover stone is 
seldom applied within this time, and, therefore, one should not assume that the binder 
is liquid when the stone hits it. Time and force is required for intrusion and wetting. 
Stone that is wet or dirty or both impairs the wetting rate; these adverse factors must 
be considered to arrive at the delay time before traffic is allowed on the surface. 
Emulsions have the advantages of easy intrusion and quick wetting. They also are 
nonpollutants . McKesson (8) in 1948 reported on the use of emulsions for seals as did 
Bower (36) in 1960 and Bohn (37) in 1963. Recent improvements in the uniformity and 
quality control of emulsions plus the adverse effect of cutback on the environment should 
lead to a continued increase in the demand for emulsions. Quick setting cationic emul­
sions made from high-viscosity binders are most effective in warmer climates. Lower 
viscosity base cements should be used in cold climates. A definite advantage of the 
cationic type is that weather has minor effect. According to J. Dybalski of the Armak 
Chemical Company such emulsions break primarily by surface attraction and can be 
formulated for controlled break rates even under conditions of high humidity and cool 
weather. 

In constructing seals that use emulsions, the use of pilot cars is advised for traffic 
control. Before allowing traffic on a newly sealed surface, a check for degree of break 
and bond tenacity should be made in shaded areas of the road surface. Break is usually 
delayed in such areas, and, if the road is turned over to traffic prematurely, excessive 
whip-off may result in shaded areas (Fig. 5). This problem is associated particularly 
with anionic emulsions, which break by evaporation or absorption or both. Cationic 
emulsions are affected only slightly. The shade effect is generally more prevalent in 
residential areas of cities than elsewhere . Cutback asphalts have been used worldwide 
as binders for seals for decades (52, 53, 54, 55). The use of cutbacks in cold climates 
is technically valid, but even in these areasflushing may be a problem during the sum -
mer months, according to Robinson (52 ). As an expedient, cutbacks have been and are 
being used in the fall in Texas, but bleeding during early summer of the next year is a 
common fault and makes their use suspect for most other reasons. Two alternate solu­
tions are suggested: 

1. Use hot cement and heated cover stone, or 
2. Use a cationic emulsion with heated stone, if necessary. 

Early establishment of bond is enhanced by lightly precoating the aggregate with 0. 5 to 
1.0 percent of a medium curing type of cutback. Precoating of cover stone is widely 
practiced with generally improved results over natural aggregates, at least for early 
establishment of bond. There is little evidence that friction values are changed appre­
ciably by precoating. 

EQUIPMENT AND CONSTRUCTION OPERATIONS 

Seal coats are often used on roads that should be completely reconstructed. Many 
times the results of such a decision are embarrassing. If a surface to be sealed is in 
need of spot improvement to restore riding quality and improve structural capacity, 
this should be done 60 to 90 ninety days in advance of the seal-coating operation. Such 
planned repairs impr ove the probability of a s uccessful seal. Herrin, Marek, and 
Majidzadeh (1) m ade s ound recommendations concerning the preparation of the underlying 
surface. Power brooming is a necessary prelude to binder application. In urban areas 
a vacuum attachment to the broom is advised and some manual cleaning may be nec­
essary. 

Before applying the binder to the throroughly cleaned surface the pressure distribu­
tor should be calibrated and checked for operational efficiency. Schuelie (14) has re­
ported on equipment needs for seal-coat work and emphasizes the need for spray bar 
calibration. Selected districts of the THD require a complete annual recalibration of 
distributors used in those districts. Additional check tests are made at tne beginning of 
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each day's operation. Because of variations in binder demand across lanes of some 
pavements, it is often advisable to reduce binder application in the wheel path. An 
example of variable transverse demand is shown in Figure 6. Reduced application of 
binder is accomplished by substituting smaller nozzles in the spray bar at the point of 
reduced demand. 

Uniform spreading of the design amount of stone is made easier with a continuous 
feed machine as opposed to a tailgate spreader. The use of a deflector to aid in the 
separation and earlier application of the coarser fraction of the cover stone ensures a 
better job. Some spreader operators remove this deflector to make their job easier, 
but this is not advised. This deflector is designed to assist in the uniform application 
of the aggregate. Cover stone application rates are extremely difficult to estimate 
if the judgment is made immediately behind the spreader. A more reliable approach 
is to determine by laboratory tests on stockpiled aggregate the amount of stone required 
to cover a unit area to a single stone depth. This quantity is then translated into field 
units of square yards of surface per cubic yard of stone. For example, the grade 4 
lightweight aggregate of THD item 303 given in Table 2 would re~re about 9.5 lb/sq yd 
(5.1 kg/m2

) [based on an assumed unit weight of 50 pcf (800 kg/m )) or a field cover 
rate of about 140 sq yd/cu yd (155 m2/m3

). Natural rounded gravel, graded as given in 
Table 1 and weighing about 95 pcf (1 520 kg/m3

), would cover an equivalent area with a 
unit cover rate of about 18 lb/sq yd (9.8 kg/m2

) . Technicans determini.ng laboratory cover 
rates for the first time will usually err on the high side, often by as much as 15 to 20 
percent. This can result in expensive field mistakes. To avoid such mistakes the 
technician should strive toward a minimum amount of stone to cover a unit area. A 
convenient unit to use in the laboratory is % sq yd or % m2

• A suggested approach 
for a novice is to carefully cover the unit area with what appears to be sufficient stone. 
Determine the amount used by weighirig ~he stone. In sequential steps remove 5 percent 
increments and rearrange the remaining stone each time until it is apparent that the 
unit area is not adequately covered. At this point return one of the 5 percent incre­
ments to the surface. This amount should be close to the quantity determined by an 
experienced operator. 

Why all the fuss about minimizing the stone cover rate? First, it is wasteful to 
apply excess stone. Second, :i:ormal-weight stone left loose on the pavement surface 
is hazardous. Loose stone may be thrown by traffic and cause windshield and head­
lamp damage. Excess loose stone contributes to low friction on an otherwise safe sur­
face. Third, excess stone contributes to crushing and dusting, both of which are unde­
sirable. Dusting is a traffic hazard in the early use of the road; crushing disturbs a 
balanced design of stone size and binder quantity, which can result in flushed areas. 
Naturally, crushing is more of a problem for seals over rigid pavements than it is for 
seals on flexible surfaces (56). Let us assume that we have applied the selected binder 
and cover stone at the proper rates and we can turn to the rolling operation. Rolling 
of cover stone is a necessary and important step in the successful construction of a 
nonskid seal coat. Although under certain circumstances a flat-wheel steel roller may 
be used on seals, their general use is not advised. Self-propelled pneumatic rollers 
equipped with smooth tires inflated to about 30 to 45 psi (207 to 310 kPa) are highly 
recommended for the seating of cover stone in seal-coat operations. This type of roller 
is more effective for 2 major reasons, because the kneading action of this type of roller 
does a better job of fitting the aggregate into a continuous mosaic than does a steel roller 
and because .: rushing is reduced substantially. Pneumatic rolling requirements for 
seals fall in the range of 5 to 7 hours/mile (3 to 4 h/km) of 2-lane highway. Roller 
speeds in excess of about 7 mph (11 km/h) are not recommended. 

After the rolling operation and a delay period of 25 to 48 hours the sealed surface 
should be lightly broomed to remove any loose stone. Required lane marking of the 
finished surface should follow as soon as is practical. 

LEVELS OF PERFORMANCE 

The level of performance that may be expected for a properly designed and con­
structed seal coat using cover aggregate s ized from %-in. to No. 4 sieve size is shown 
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in Figure 7. The superior skid performance indicated for stone with adequate micro­
texture is emphasized. Also, it is suggested from Figure 7 that where polishing is in 
evidence the surface is speed sensitive under wet conditions. Figure 8 treats the effect 
of increasing volumes of traffic on skid numbers at 40 mph. Polish-susceptible cover 
stone is undesirable for heavy volumes of traffic. 

The expected improvement of existing, dangerously slick surfaces is shown in Figure 
9. It is assumed that the improvement results from proper design and construction 
with cover aggregate in the range of %-in. to No. 4 sieve size. 

SPECIAL PROPERTIES OF COVER AGGREGATE 

Special properties of particles-shape, surface texture, durability, and polish sus­
ceptibility-as they relate to improved skid resistance of a pavement surface, warrant 
further attention. 

Schonfeld (57), Gallaway and Rose (44), Britton (45), Britton and Gallaway (43), 
Gallaway, Schiller, and Rose (58), andGallaway, Rose, and Hutchinson (41) have re­
cently dealt extensively with particle shape, particle surface texture, and pavement 
macrotexture and microtexture. 

It is apparent that estimating friction by Schonfeld' s method must, in the case of 
seals, rely on the coarse aggregate and its size and surface properties (57). Gallaway 
and Rose (44) in their measurements of the macrotexture of typical Texas highways found 
that macrotexture related well to friction for an aggregate of a given source and that, 
for constant microtexture, macrotexture had a primary effect on friction gradient or 
change in friction with speed. Tabor (59 ), in his study of hysteresis, emphasized the 
importance of macrotexture's effect onfrictional drag in locked-wheel stops. Van der 
Burgh and Obertop (60) reported on size and shape of road surface projections and 
detailed the relationship between various types of rubber and road surface macrotex­
ture. Macrotexture depth and spacing were key parameters. 

Britton (45) developed a master curve for the adhesion component of wet tire­
pavement surface friction in which a reduced friction number was plotted against a 
reduced microtexture size parameter. It is evident from this and other reported find­
ings that microtexture has a most important effect on pavement friction. It is further 
evident from Brittan's work that as microtexture size is increased wet friction in­
creases, reaches a maximum value, and then decreases. He also demonstrated that it 
is technically feasible to produce synthetic aggregates with controlled microtexture. 

Currer..tly, many U.S. highways and city streets are being surfaced with commercial 
grades of lightweight synthetic aggregates. Such aggregates are made primarily by 
the rotary kiln process from clays or shales. Microtexture of a desirable size range 
is a property of these materials. 

The desirable aggregate property of durability also has its disadvantages because a 
very hard material, although slow to polish, will polish more than a less durable 
material. Generally it is necessary to crush such material to maximize the hardness 
advantage. Aggregates composed naturally of both hard and soft materials therefore 
have nonpolishing properties. For such materials the attrition of traffic furnishes a 
surface friction renewal mechanism. Crushing costs of such materials are usually 
minimal. 

Polish susceptibility of aggregates is related primarily to type of mineral and purity. 
Type of mineral and purity strongly affect hardness and toughness, and these properties 
in turn determine crushing costs. Granites, traprock, and limestones make up much 
of the crushed stone used in the United States; these materials vary greatly in polish 
susceptibility with limestones considered most susceptible, particularly those of high 
purity and fine-grain structure. 

Laboratory and pilot scale tests have been developed to measure polish susceptibility 
(61, 62, 63). Values coming out of these tests are used in specifying polish resistance 
oTcover stone. One should select the restrictive values with care and take into account 
service demands, weather, pavement geometrics, terrain, and long-term total costs. 
Polish-susceptible limestones are entirely satisfactory as cover stone provided traffic 
volume and weights will not polish the stones to an unacceptably low value. The key to 
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Figure 7. High-speed performance of typical seal coats 
under inclement weather conditions. 

Figure 8. Typical performance of various types of 
cover aggregates used on conventional seal coats. 
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the success of polish-susceptible limestone under such service is continued chemical 
reaction between the stone and the air. This reaction causes microtexture renewal. 
As a rough rule of thumb, traffic of less than 2 50 vehicles per lane per day can be 
tolerated without excessive polishing. When available in sufficient amounts, properly 
sized silica impurities in limestone ensure nonskid properties. Field confirmation of 
the serviceability of this type of impure limestone has been common (48). A relation­
ship between wear index (friction} and silica content is shown in FigurelO (64). 

Aside from these special properties of cover aggregate, the importance of good 
construction control cannot be overemphasized. The very best materials, design, and 
equipment used under ideal weather conditions can result in miserable failures when 
skill and pride in construction are neglected. 
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