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T H I S paper is devoted to a recommended pracjtice in determining the amounts and 
types of asphalt and aggregate required in the construction of one-course asphalt sur
facing treatment and seal coating. We have most nearly ajiproached the desired i-esults 
by using coarser grades of aggregate of nearly uniform size with a spread ratio just 
sufficient to slightly more than cover the surface one stone in depth and by limiting 
the asphalt to an amount sufficient to embed only a portion of the thickness of the 
loose mat of aggregate. 

% T H E R E are a number of basic types of 
asphalt surfaces anfl pavements and numerous 
variations in materials and construction meth
ods have been used in the construction of these 
different types. The selection of type, as well 
as the materials and construction methods, 
may therefore be governed b}- a number of 
local conditions, including: volume and weight 
of traffic, characteristics of available mineral 
aggregates and asphaltic materials, available 
construction equipment, and cost. 

This paper deals with what is known to the 
Texas Highway Department as "asphalt sur
face treatments," which consist of the appUca-
tion of a thin layer of asphalt covered with 
crushed stone, washed gravel, or coarse sand. 
The asphalt is applied from mobile distribu
tors through sjiray bars which apjjh- the hot 
asjihalt uniformly in the desired amounts. 
The aggregate is applied unifoz-mly from 
spieader boxes attached to the rear of dump 
trucks. 

While this procedure is called sui'face treat
ment by the Texas Highway Department, its 
most general use is the finished riding surface 
on compacted flexible bases composed of 
gravel, ci-ushed stone, stabilized soil, or merely 
ii selected material with low plasticity and 
limited shrinkage proi)erties. 

This type of road sui-facing has l)een used 
satisfactorily on heavy-trafhc primary high
ways, as well as low-traffic farm roads, the 
degree of succe.ss being largely deiiendent on 
the strength of the subgi'ade and flexible base 
rather than the asi^halt treatment, itself. 

The surface treatment ser\-es as a water
proof cover, ])reventing the base from getting 
wet and soft during rains and irora becoming 
dry, dusty and loose in dry weather. 

THICKNESS OF TRE.^TMENT 

These surface treatments are usuall}- very 
th in; in fact, most often le.ss than 1 in. thick 
and frequently as little as 3̂ 4 in. thick. \\ 'hile 
the heavier surface treatments are desired and 
recommended, we have found that the lighter 
surface treatments have, in general, proven 
satisfactory where the subgrade anfl base 
materials were of high quality, of adetjuate 
thickness, thoroughly compacted, and well 
drained. 

Due to oxidation and wear after several 
years and at several-year inter\'als, i t is neces-
sai-y to rejjeat the asjihalt surface treatment 
in order to reseal and rejuvenate the original 
surface or to provide a iionskid surface. I n 
the Texas Highway Dei^artment these re
peated applications are known as "seal coats," 
and are ajjplied similarly to the original sur
face treatment. 

This subject of penetration surfaces has 
developed many controversial ideas, anfl i t is 
not our desii-e to add to these, nor do we de-
siie in any way to belittle or cast any reflec
tion upon any ideas, as we realize that they 
all have their meiits, and have been more or 
less satisfactorily used. 

During the past several years, much time 
and thought has been devoted to the construc-
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tion of satisfactory asphalt-treated surfaces. 
Much valuable information has lieen derived 
from experiments and studies, but heretofore 
we have known of no standard and reliable 
procedui'e by which the quantities of asphalt 
and aggregate may be i)redetermined with any 
degree of satisfaction. Wi th this in mind, we 
ha\-e endea\'ored to devise a set of i)rocedures 
which will reasonably assure economical 
asphaltic treated surfaces with the following 
characteristics: a smooth-riding, nonskid, 
waterproof surface of unifoim texture and 
color which will minimize dust and flying rock 
particles during construction. 

DETERMININCJ AMOUNT OF I IATKRIAL 

This pupev is devoted primarily to jiresent-
ing a i^ractical method of predetermining the 
amounts of asphalt and aggregate requii'ed in 
the construction of one-course asi)halt sur
face treatments and seal coats. A l l too often 
the methods used in the past have been to 
apply the asphalt at a rate which worked good 
last summer and endeavor to incor))orate the 
amount of aggregate which worked good last 
summer, even though the aggregate may be 
from a different source or from the same source 
and entirely different in physical characteris
tics. The i-esults, as might be expected, are 
often unsatisfactory. 

\\'e feel that we are in need of a design pro
cedure wdiich has the advantages of simplicity 
and uniformity by which we may pi-edetermine 
the (luantity of an asphalt cement which, 
when a specific aggregate is ajjplied and rolled 
in, wil l in turn be pi'essed up to that point 
which wil l embed the aggregate sufficiently 
to jirevent displacement and yet w i l l not be 
close enough to the top of the aggregate mat 
to i)ei'mit tires of passing traflic to i)ick it up 
and spread i t along the road. I n the fofiowing 
we will outline those test methods by which 
this may be accomplished with a minimum 
dei)endence upon visual ai)i)roximation and 
judgment. I t must be remembered that comjiu-
tations alone c'umot ))roduce satisfactory re
sults and that cei'tain conditions require visual 
inspection and the use of judgment in the 
choice of (piantities of as])halts and aggre
gates. 

We have obsei'ved that in using the coarser 
grades of aggregate of nearh' unifoi-m size 
with just sufficient aggregate to slightly more 
than covei' the surface one stone in depth and 

by limiting the asphalt to an amount sufficient 
to embed only a portion of the thickness of 
the loose mat of aggi-egate, we have most 
nearly approached the desii'ed i-esults. 

I n general, most specification I'equii'ements 
for gradations of aggregates are very bi'oad, 
permitting coarse-graded aggi'egates, fine-
graded aggregates, and aggi'egates graded 
fine to coarse, to be furnished within the 
limits of each grade. These aggregates, when 
carefully analyzed, vary considei'ably in 
pai'ticle sizes and shapes, as well as percent 
of voids. 

The succeeding suggestions for asphalt 
surfacing and seal coating are recommended 
for use under what ma>- be termefl general 
and average conditions. I t is realized, how
ever, that no single standard jDrocedure will 
cover satisfactorily all the vai-iations in local 
conditions wdiich may ])revail for individual 
jobs. 

The quantity of aggregate and asphalt 
required varies according to the charactei' 
of the aggregate, Iteing influenced by the unit 
weight, pei'cent of voids, shape and size of 
the particles. Thus, as a rule, somewhat less 
weight of slag and certain gravels are required 
for a given amount of asphaltic material as 
comjjared with most grades of broken stone. 
The engineer shoulfl modify the amount ac
cording to local conditions. For surface treat
ments in general, i t is better tf) err on the side 
of a slight deficiency of asphalt so as to avoid 
a fat, slick surface. Our first and last thought 
should be to avoid the hazard to traffic created 
by fl\-ing rock particles, and the danger to 
traffic created hy fat, slick surfaces. 

I t is our opinion that the aggregate in an 
asphaltic surface treatment should be suffi
ciently embedded as to lesist disjjlacement but 
not so (leei)ly eniliedded after comp:iction as to 
l^erinit tires to reach and spread the asphalt. 

QUANTITY OF AGGRHGATE 

The quantity of aggregate should be tl iat 
amount which is required to form a blanket 
one stone in depth. That is to say, each ag
gregate particle covers a portion of tlie area. 
Theiefore, the quantity of aggregate is defi
nitely fixed and determined by its unit weight 
and the shape and size of aggregate jiarticles. 
The (piantity of asphalt, on the other hanrl, 
is variable and dependent upon the per
centage of voids in the aggregate, the desired 
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depth the aggregate is to be embedded in the 
asphalt, and to some extent, upon the type of 
surface or base on which the treatment is to 
be i)laced, as well as the hardness of the ag
gregate, and the tvpe, kind, and amount of 
traffic. 

The main factors involved in predetermining 
the amount of aggregate and asphalt required 
for satisfactory asphalt surface treatments are: 
(1) the quantity of a given aggregate requii-ed 
to cover 1 sq. yd. in area and the average 
thickness of the aggregate wdien placed so as 
to form a blanket one aggregate in depth 
(which we term the "effective mat thickness") 
and (2) the amount of asphalt per square yard 
of surface which wil l be required to embed a 
desired portion of the effective mat thickness 
of the aggregate. 

The aggregate should be carefully analyzed 
to determine its unit w^eight, specific gravity, 
percent of voids, and screen analysis. Fi'om 
the screen analysis the average particle size 
and effective mat thickness of the aggregate 
is determined by multiplying each individual 
screen size by its individual j^ercentage and 
then obtaining the sum of the products. 
The result is in fractions of an inch and when 
divided into 36 in. gives the number of square 
yards of area which may be covered by one 
cubic yard of aggregate and is termed "spread 
ratio." This method of determining avei-age 
aggregate jiarticle sizes, theoretical mat thick
ness and spread ratio for a cover of one stone 
average thickness, can be satisfactorily used 
if flat and elongated particles ai-e not present. 

TEST-HOARD METHOD 

For most aggregates, and especially for 
aggregates containing flat and elongated 
particles, the square-yard-test-boai-d method 
should be used to determine the effective mat 
thickness and spread ratio, the jirocedure 
being as follows: 

Obtain a l-sq.-j'd. test board. Place a suffi
cient quantity of the aggregate on the board 
as necessary to obtain a fu l l coverage one 
stone in depth. Weigh the aggregate required 
for the one-stone-depth coverage. Then, the 
pounds per cubic yard divided by the pounds 
per square yard equals the si^read ratio in 
squai'e yards per cubic yard. The effective 
mat thickness is obtained by dividing 36 in. 

by the number of square yards covered per 
cubic yard. 

The quantity of asphalt required is depend
ent upon the percent the average aggregate 
mat thickness is to be embedded in asphalt 
and the i)ercent of voids in the aggregate. The 
desired jiercentage embedded times the aver
age mat thickness equals the embedded depth. 
One squai'e yard, or 1,296 in. times the desired 
embedded depth, times the i^ercent of voids 
in aggregate, equals volume of asphalt re
quired i)er square yard based on the hard 
grades of oil asphalts containing approxi
mately 99 percent bitumen. 

This calculation is not precise in that the 
percent of voids in the embedded portion of 
the aggregate mat, when first placed, is not 
necessarily the same as in the aggregate 
sample. The percent of voids in the embedded 
portion of the aggregate mat can be deter
mined by laboratory tests. However, we have 
observed that in using the jjercent of voids in 
the aggregate sample as a factor in the design 
procedure, satisfactory results have been con
sistently obtained. I f liquid asphalts contain
ing volatiles or emulsion asphalts containing 
w'ater are used, then the quantity should be 
increased proportionately to their bitumen 
content, except for "seal coats" being applied 
on existing, slick asjAalt surfaces, in which 
case, if liquid asphalts containing volatiles 
are used, the quantity of liquid asphalt need 
not be increased, because the volatiles tend 
to soften the existing asphalt surface, permit
ting partial embedment of the aggregate into 
the existing sui'face and resulting in reduced 
effective mat thickness of the aggi-egate ap-
l)lied. 

I t has been our ex))erience that a consider
able excess of aggregate is often more detri
mental than a slight shortage, in that with an 
excess of aggregate the amount of fines ap
plied is also increased. The excess of fines tends 
to go to the bottom and become embedded in 
the asphalt or blot the surface of the asphalt, 
thereby i^reventing the embedding of the 
coai'se-aggi'egate particles and allowing a 
large percent of the coarser jmrticles to be 
subject to whip-off, leaving a fat or flooded 
condition. I t is our o])inion that the matei'ial 
passing the 10-mesh sieve acts as a filler, 
thereby raising the level of the asphalt ap
preciably and cannot be counted on as cover 
material to furnish anv riding surface. 
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A.SPHALT-APPLICATION-RATE CHART 

Figure 1 is an asphalt-application-rate 
chart, constructed from mechanical computa
tions, from which the gallons of bitumen per 
square j-ard can be obtained after having 
determined the average aggregate mat thick-

we have indicated the computed gallons of 
asphalt per square yard for each 0.01 gallon. 
On the outer circular lines connecting cor
responding percent of aggregate mat 
embedded, we have indicated the various 
percent of voids f rom 10 to 60 percent. 

Example 
Averoge Aggregate Mat Thickness.^ 
Percent Voids in Aggregote 4 0 % ' 
Desired Embedded Depth o l Aggregote 3 0 % 
Place stroiglit edge tlirough point "X'' 
and 4 0 % void point on 3 0 % embedded 
curve, and find aspholt opplicoti^on 
rate to be 0 .335 gal . per sq. y d / 
on .|-"oggregate curve 
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Based on Average Hat ThicKness Based on Average Portic/e 57/es 
For One Stone Cover for One Stone Cover 

Figure 1. 

ness and the percent of voids in the aggregate 
and having selected the desired embedded 
depth. Along the vertical and horizontal 
axes we have indicated the average aggregate 
mat thickness for each 3̂ -in. thickness up to 
1 in . ; also, the percent of aggregate mat em
bedded for each 5 percent from 20 to 50 per
cent. 

On the inner circular lines connecting cor
responding average aggregate mat thicknesses. 

To determine gallons of bitumen required 
per squai-e yard, follow the desired percent 
embedded curve to point indicating the 
percent of voids in the aggregate; connect this 
point with apex point X, using straight edge 
or string; follow along the line so established 
to curve representing the average mat thick
ness and I'ead directly gallons of bitumen 
required per square yard. Note: I f liquid 
asphalts or emulsions are to be used, the rate 
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of ap]5lication should be increased propor-
tionatel>' to bitumen content. Your attention 
is invited to the broad variation in bitumen 
Inquired, dependent upon the i)ercent of 
\'oids which may be as low as 30 percent or 
as high as 50 i)ercent. 

I t must be remembered that when applying 
asphalt surface treatments on existing fat 
asphalt surfaces and on loosely bonded or 
soft base courses, and especially when liquid 
asphalts containing volatiles are used, a por
tion of the aggregate during I'oUing wi l l pene
trate below the f i lm of freshly applied a.sphalt, 
thereby reducing the effet^tive mat thickness 
of the cover material. Also, when the softer 
grades of aggregate are used, some of the larger 
sizes will be crushed by rolling, thereby re
ducing the effective mat thickness as well as 
the voids. 

Under conditions as mentioned above, i t is 
recommended that the percent of embedment 
used in the design be reduced, dependent upon 
the existing conrlitions. We know of no waj ' to 
actually detei'mine to what extent aggregate 
may jienetrate through the freshly applied 
asphalt and into a loosely bonded soft base or 
into existing fat, soft asphalt surfaces, nor to 
what extent the softer grades of aggregate 
will be ci'ushed during rolling; however, these 
factors can be estimated to some valualjle 
degree by placing one layer of the selected 
cover aggregate on the Ix'ise or old asphalt 
surface which is to receive treatment and 
observing its condition after thorough rolling 
with the type of rollers to be used on the job. 

When ajiplying asphalt sui'face treatments 
to existing hard-paved surfaces or t ightly 
bonded, hard base courses, i t is reconunended 
that the iiorcentage embedded be increased if 
hard aggregates are used and reduced i f ag
gregates are soft and break uj) under rollers. 

Some allowances should be made, flepending 
on the amount and type of traffic. Vor high
ways cari'ving high traffic counts and heavy 
vehicles, the percentage embedded should be 
reduced and larger aggregates used. For high
ways cai'i-ying light traffic counts and light 
vehicles, the percentage embedded should be 
increased and meflium size aggregates may be 
used. 

The percent of aggregate mat embedded in 
asphalt as recommended herein may appear 
somewhat light; howevei', this pi'ocedure is 
based on loose aggregate mats, which under 
traffic wil l change considerably in that ag

gregate particles wi l l be rearranged and 
further consolidation will take place, thereby 
reducing the aggregate mat thickness and 
percent of voids and increasing the percent 
of aggregate embedded. Your attention is 
again invited to the possible and probable 
variation in average size and spread ratio 
within some specification limits, which is 
still greater when flat and elongated particles 
are present. 

T A B L E 1 
R E C O M M E N D E D G R A D I N G O F A G G R E G A T E S 

F O R A S P H A L T S U R F A C E T R E A T . M E N T S 

G r a d e I R e t a i n e d on 1 J'.s* 
R e t a i n e d on 1* 
R e t a i n e d on "/-s" 

Screen 
Screen 
Screen 

0% 
40-60C;. 

95-100% 

G r a d e I I R e t a i n e d on 1* 
R e t a i n e d on '/k" 
R e t a i n e d on fi" 

Screen 
S c r e e n 
Screen 

0% 
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95-100%, 

G r a d e I I I R e t a i n e d on ys" 
R e t a i n e d on 
R e t a i n e d on 

S c r e e n 
Screen 
Screen 

0% 
40-607« 

95-100% 

G r a d e I V R e t a i n e d on ^i" 
R e t a i n e d on {fs" 
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Screen 
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Screen 
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G r a d e V I I R e t a i n e d on ^s* 
R e t a i n e d on J .^* 
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A V E R A G E S P R E A D R A T I O F O R S I N G L E 
A P P L I C A T I O N S 

N o . 1 
N o . 2 
No . 3 
No . 4 
N o . 5 
N o . 6 
No . 7 
No . 8 

1:36 
1:41 
1:48 
1:58 
1:72 
1:96 
1:144 
1:288 

G A P G R A D I N G 

Your attention is also invited to the prob
able gap grading allowed within some s])eci-
fieations with a very small percent of the top 
aggregate sizes and a lai-ge percent of the 
bottom aggregate sizes. These gap-graded 
aggregates fre(|uently result in unsatisfactory 
asphalt surface treatments because: 

I f the quantity of asphalt used is sufficient 
to adetpiately embed and retain tiie average 
particle size, i t is not sufficient to adequately 
embed and retain the top aggregate size. I f 
the ciuantity of asphalt used is sufficient to 
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adequately embed and retain the top aggre
gate size, the average i)article size wil l be 
flooded with asphalt, resulting in an undesir
able fat, shck surface. 

The small percentage of ovei'size jiarticles 
of aggregate permitted by some specifications 
are usually the fl.^•ing stones that we hear so 
much about as being hazardous and damaging 
to traffic. The excess percentage of undersize 
liarticles of aggregates permitted by some 
specifications are often times so fine as to blot 
the asphalt film and prevent the larger ag
gregates from becoming embedded in the 
asphalt. I n many cases, specifications allow 
gap-graded aggregates w-hich are undesirable 
and also allow aggregates graded unifoiml}-
from fine to coarse, with maximum densitj-
and minimum voids desirable for certain 
asphalt mixes but veiy undesirable for pene
tration-asphalt surface treatments. 

Table 1 is a recommended grading of ag
gregates for asphalt surface treatments. 

The gi-adation of aggregates recommended 
wil l provide aggi-egates of nearly uniform size 
which can be uniformly applied and spread 
without oversize particles, whic^h most fre-
(juently are either ci'ushed dui-ing rolling or 
fail to become embedded in the asphalt and 
remain loose on the surface unti l broomed off 
or whipped off by traffic. 

An aggregate of api3roximate l>- uniform size 
with a maximum of voids is most desirable for 
l)enetration-asphalt surface treatments in 
order that a maximum amount of asphalt 
bindei' may be used without the aggregate 
becoming sufficiently embedded to result in a 
slick, bleeding surface. Also, the uniform size 
aggregates usually develop better interlocking 
(lualities and provide lateral suppoi't to ad
jacent i)articles, thereby preventing disi)lace-
ment from traction and friction of high-speed 
traffic. 

D E F I N I T I O N O F F L . \ T A N D 

E L O N G A T E D P A R T I C L E S 

The specifications should limit the amount 
of flat and elongated jiarticles in the aggregate 
and define what shall be considered flat and 
elongated particles. 'We are of the opinion that 
flat and elongated particles combined shoukl 
not exceed 10 percent of any aggregate grada
tion requirement. The following are suggestetl 
definitions for flat and elongated particles: 

Flat jiarticles are those particles with thick

ness of less than half the average width of the 
particle. 

Elongated i)articles are those particles with 
length greater than twice the other minimum 
dimension. 

To obtain best results under the methods 
described herein, the application temperatures 
of hard asphalts should be controlled within 
certain limits, depending on the viscosity of 
the asphalt. Asphalt should not be applied at 
a greater temperature than necessary, because 
the process of spraying asjjhalt at excess 
temperature reduces its penetration and 
ductil i ty factors and frequently results in 
gravity flow of the applied asphalt on inclined 
surfaces. 

The viscosity of asphalt varies greatly with 
changes in temperature, and the viscosities of 
various asphalts vaiy greatly at the same tem
perature. We have observed that best results 
can be obtained by heating the asi)halts to 
such temperatures as to produce viscosities 
w i thin a i-ange of 40 to 60 with a jiossible opti
mum of 50. 

A jiroperly designed surface treatment wil l 
]5rovide satisfactory results only if good con
struction methods are used. Good construction 
methods are so varied that i t is api)i-opriate 
only to suggest that the temperature of the 
air, aggregate, and base oi' surface, as well as 
the general weather and surface conditions, 
should be considered as conti-olling factors in 
determining suitable conditions for applying 
asphalt surface treatments and that thorough 
rolling with both flat-wheel and |)neumatic 
rollers are vi i tual ly essential. 

I n conclusion, we are of the opinion that 
there should be closer control on gradation of 
aggregates and temperatures and on rates of 
application of asphalts and aggregates, and 
as in the case of asphaltic concrete, there 
should be some uniformity in design methods 
for asphalt surface treatments. 

We do not presume that the design and test 
procedures and application methods presented 
herein are the final answei'; however, we do 
hope that some of the suggestions advanced in 
this i)aper will improve our work and assist in 
arriving at the final answer. 

We are indebted to various engineers too 
numerous to mention, for their outstanding 
work in experiments, tests, theories, and pa
pers on this subject which have developed a 
background for our tests and theories. 




