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Discussion of Aggregate Properties for Untreated 

Road Surf aces 

MARTIN C. EVERITT 

Hlttorlcally, engineers have assumed that an untreated aggregato road surface 
behaves in substantially the same way as a bituminous paving mixture. Tll5t 
criteria and construction specifications have boon derived by loosening normal 
bituminous pavemant criteria. The paper argues that, although most or ell of 
the properties of aggregate that are Important for bituminous appllcations are 
also Important In untreated surlaces, 1he relative degrees of Importance are 
probably different. Some oddltlonal properties, such as natural cementatlon 
u111d In the design of early macadam pavements, should be revivod and studied. 
A comprehensive review of aggregate properties has never beon made to doter· 
mi no whether aasumptlons based on fla1tlble pavement practices are valid for 
untreated aggregate surfaces. Some agencies and Individuals have made piece
meal lnveatlgatio.ns. Practical experience suggests that. for most tow-volume 
roads, present practices are only marginally adequate. Prosent spodficatlons 
and tan criteria ara reviewed and eommonly specified valuos are compared with 
oxperlence, primarily In the Rocky Mountnin Region of tho U.S. Department 
of Agriculture Forost Service. Suggestions for rovisod criterle are ottered. 
The utility of some of tho present tests or criteria, as applied to untreated ag
gregate turfaces, Is questioned. Attention is called to the sometimes com-
plex interrelations among several properties. 

Most of the road mileage in the world is surfaced 
with either native soil, natu.rally occurring sand 
and gravel, or crushed aggregate. Even in the 
United States, a major fraction of the road mileage 
is not hard surfaced. Yet there is almost no tech
nology for the design O'f untreated aggregate (or 
gravel) surfaces. Before World War II, aggregate 
surfaces were often maintained into existence. A 
m.i .nimu.m thickness of aggregate was placed. When 
traffic produced mudholes or ruts, these were im
proved with additional aggregate until the problem 
was cured. Design was primarily derived from ex
perience and judgment. 

More recently, the need for some sort of design 
approach was recognized . Engineers seem to have be
gun with the assumption that an aggregate surface is 
essentially the same as a bituminpus concrete sur.
face, except for the color. Flexible pavement de
sign techniques have been applied. Construction 
specifications are derived from flexible pavement 
base or surface course specifications, usually by 
loosening the quality requirements. All of the 
properties considered important for bituminous mix
tures, such as abrasion and gradation, are assumed 
to be equally important for untreated aggregate sur
faces. A systematic effort to dete·rmine whether 
this is actually true has never been made. 

On the basis of long experience with the low-vol
ume road system of the Rocky Mountain Region of the 
U.S. Forest Service, I have concluded that these as
sumptions are not completely valid. All of the 
properties usually considered are important; how
ever, their relative degrees of importance are evi
dently different from those in bitu·minous surfaces. 
There is a property, herein called natural cementa
tion, of which little is known at present, that ap
pears to be very significant in the performance of 
untreated aggregate surfaces. Other important prop
er ties or character is tics may currently be little 
known or as yet undiscovered. In addition, many of 
the limit values frequently specified are too con
servative; others may not be sufficiently restric
tive. 

This paper breaks no new ground. It is offered 
to stimulate discussion and, possibly, some new re
search. 

FUNCTIONS OF ROAD SURFACE 

A road surface, of any type, must perform several 
functions. Some of these are as follows: 

1. Load distribution and load transfer to the 
lower layers and the roadbed; surface layer must be 
strong enough to prevent overstressing of the lower 
layers; 

2. Stability under the three-dimensional loads 
applied; surface must resist raveling, shoving, 
rutting, and consolidation caused by vertical, lon
gitudinal, and lateral forces applied by tires; 

3. Reasonable smoothness without excessive main
tenance; 

4. Skid resistance; 
requires both friction 
surface and the absence 
roll under the wheels; 

in aggregate surfaces, this 
between the tires and the 
of loose gravel that might 

5. Reasonable control of dust; 
6. Maintainability by using normal technique; and 
7. Surface drainage to sides or ditches. 

A properly designed aggregate surface can fulfill 
all of these functions economically. Of course, 
different kinds or volumes of traffic require dif
ferent designs or points of emphasis. Where high
quali ty aggrega tes are in 1 imi ted supply, they 
should be resecved for the most heavily used r oads 
and lower-quality material used for the lower-class 
roads. 

PROPERTIES OF AGGREGATES 

Standard specifications for aggregates are used by 
many agencies for some or all of the following rea
sons: 

1. Material that conforms to the specification 
will u.sually perform satis factorily in normal use 
situations , provided the proper specification is 
chosen for the project; 

2. Sophisticated design or quality assurance 
testing is not usually feasible for various reasons ; 

3. Spec if ica t ions a re balanced be tween ease of 
production and the ideal ; tolerances are broad 
e nough to cover normal production vac iabili ty and 
testing accuracy; 

4. Items or tests specified are simple enough 
for easy control in the field; and 

5. Materials must not be unusually difficult to 
handle, place, and compact by using normal construc
tion practices. 

Adherence to standard specifications is logical so 
long as high-quality materials are plentiful in the 
work area. However, many materials that would per
form satisfactorily in service will be rejected or 
over looked because they do not completely fit the 
standard specifications. Some roads will be se
verely overbuilt with respect to the real need. 

Grading 

Gradation is perhaps the most important single prop
erty of an aggregate because it directly or in-
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directly affects several other properties and be
haviors. Many textbooks present the advantages and 
disadvantages of the open-graded, dense-qraded, gap
graded, and over-sanded (excessive fines) cases (JJ. 

Most modern specifications establish target 
values for each sieve size and allow a tolerance on 
each side of the target value. The target values 
must be selected in relation to the function of the 
aggregate and the material available in the proposed 
source. These relations are often overlooked when 
standard specifications are used arbitrarily. The 
tolerance should consider the degree of control that 
can be reasonably expected from a normally well-run 
production operation and on the skill and intensity 
of the quality assurance effort. However, the 
tolerance must also preserve the intent of the de
signer. For example, the u.s. Forest Service stan
dard specifications (±_) , which are typical. allow 
tolerances ·of 4-15 percentage points on either side 
of the target value for surfacing aggregates. Many 
engineers consider a tolerance of 15 percentage 
points to be excessive. 

Of course, individual producers vary in effi
ciency and one might suspect that those usually as
sociated with low-volume road projects are less ef
ficient t han larger operators, on the average. If 
one tightens the tolerance, he or she should expect 
to pay for it, because all but the most efficient 
producers will need to change their operations to 
conform to the tighter limits. An accurate estimate 
of the cost per ton of aggregate for each percentage 
point by wh ich the tolerances are tightened beyond 
the generally used criteria is difficult, especially 
when dealing with portable operations and on-site 
pits. Many engineers think that the improvement in 
performance derived from aggregates that are very 
close to the theoretically perfect gradation is 
worth a significant pr ice increase. Reliable data 
on production costs relative to specification toler
ances for field operations would be valuable. 

Likewise, few or no reliable data exist that re
late performance and maintenance costs to relatively 
more or less restrictive construction specifica
tions. The logical assumption is that lower con
struction quality leads to higher maintenance costs 
and vice versa. Reasonably accurate data would be 
valuable. 

CementatiOD 

Some aggregates possess a property herein called 
natural cementation . Cementation was recognized be
fore 1912 (3, pp. l-3) when a test called the Page 
Cementing Vi°lue was employed in the design of mac
adam pavements. In a 1916 paper, IDrd !1, pp. 1-3) 
stated that , "The cementing value of road materials 
is conditioned chiefly by the colloidal products of 
rock decay and increases in a general way propor
tionately with these products, reaching a maximum in 
rocks free of quartz." 

After World War I, rubber tires and motorcars 
rapidly replaced steel tires and wagons, and 
engineers shifted their attention to the new bitumi
nous and concrete pavements. Cementation apparently 
disappeared from the literature. Because of a con
tinued lack of attention, the property is not now 
well understood. The extensive literature on aggre
gate degradation suggests that the entire subject is 
extremely complex. 

Two cementation test procedures are currently 
available. Both are inexpensi ve and simple to per
form. Neither is completely satisfactory. Aggre
gates sent to the Federal Highway Administration 
(FHWA) laboratory in Denver are tested by using a 
procedure that is loosely derived from AASH'l'O Tl06 
(_i). A representative portion of the sample passing 
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the number 10 sieve is compacted in three 2-in cube 
molds at optimum moisture and AASH'l'O T99 maximum 
density. After drying to constant weight at 230°F, 
the three cubes are broken in a compres.sion machine 
and the average of the strengths is taken as the 
cementation value, expressed in pounds per square 
inch. 

This test is simple and uses a small sample. How
ever, it tests only the material that passes the 
number 10 sieve, not the total aggregate. Thus, one 
must extrapolate from the cementation value to the 
behavior of the total aggregate. A cementation 
value of 200 lb•f/in 2 has been found to be gen
erally satisfactory, but lowec values may prove to 
be acceptable, especially when the total aggregate 
is very well graded . 

The Willamette National Forest uses a procedure 
based on AASHTO T99, D ( 5) • Fresh portions of the 
total aggregate are compacted in three T99 cylinders 
at optimum moisture. After drying to constant 
weight, they are broken in a compression machine and 
the average strength taken as the cementation 
value. A strength of 75 lb•f/in 2 is considered 
satisfactory. This test requires more material than 
the cube test but uses the total aggregate and so 
should be more representative. However, the FHWA 
laboratory in Denver has observed s~vere problems 
with stunple segregation and very wide scattering of 
data in a trial use of the procedure in a production 
laboratory. Testing problems could indicate that 
the gradations used are faulty; however, the proce
dure should be more fully tested. 

Limited attempts have been made to correlate the 
cementation value with other properties, including 
the Atterberg limits , sand equivalent, percentage 
passing the number 40 and 200 sieves, and the dust 
ratio. No strong correlation was found except that, 
in about 100 sample"&, all high cernentation values 
occurred with sand equivalents less than 45. The 
presence of high cementation values in a number of 
aggregates that have low or unmeasurable liquid 
limit and plasticity index (PI) values is con
spicuous. The reverse has also been occasionally 
noted. There may be a weak correlation with the 
dust ratio. The performance of the aggregate on the 
road has often been more accurately predicted by the 
cementation value than by PI. 

The evidence and experience strongly suggest that 
natural cementation is an independent property that 
could be useful in the design of untreated aggregate 
surfaces. Research is needed to confirm this, 
determine the mechanism involved , develop a simple 
and more reliable test procedure, and establish de
sirable values based on the performance of road sur
faces. 

The term binder has different meanings in different 
localities. Gener ally, it can be defined as one or 
more properties, usually found in soil and aggregate 
particles finer than the number 200 sieve, that tend 
to hold the coarser particles in place. Natural 
cementation just described is probably only one of 
several such properties. 

The need for a binder in surfacing aggregates has 
been recognized and many specifications define it in 
terms of a range of desired PI values. PI require
ments of 2-4 on the low end of the scale or 9-10 on 
the upper end are common in the United States, 
though in other nations much higher upper limits are 
used. For example, British engineers working for 
the United Nations Educational, Scientific, and Cul
tural Organization (UNESCO) in Africa (~) recommend 
the following Pls for surfacing aggregates: 
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Climate 
Moist temperate and 

wet tropical 
Seasonal wet and 

tropical 
Arid 

PI 
4-9 

6-15 

15-30 

I think that Pis less than 6 are not significant and 
values as high as 12-15 are not harmful in most 
cases. The binding power defined by PI seems to be 
different from natural cementation, since no corre
lation between the two has been found. 

Abrasion 

In the early bituminous pavements, it was thought 
that abrasion was not important, but research in the 
last 20 years has shown that all ag9regates degrade 
and the mechanism and products are extremely vari
able and complicated (3). The Los Angeles abrasion 
test, AASH'ro T96, has ~valved and is accepted as a 
reliable indicator of aggregate response to abrasion 
and impact, especially under construction handling, 
placement, and compaction equipment. It does not 
adequately predict the later chemical de9radation 
and production of plastic fines that occur in some 
aggregates in the presence of water. Many agencies 
require a Los Angeles abrasion loss of 40 percent or 
less for surfacing aggregate. In many areas, this 
quality is not hard to achieve. 

Four major faults with aggregates that have 
higher abrasion losses are as follows: 

1. Shorter service life due to physical degrada
tion: this can be compensated by greater thicknesses 
or more frequent replacement: 

2. Excessively smooth surfaces, sometimes lead
ing to slippery conditions in wet weather; this is 
also noticed in high PI aggregates; it does not seem 
serious so long as vehicle tires have a fairly good 
tread: 

3. Excessive dust, which can be controlled with 
various palliatives: and 

4. Surface erosion during rains, which results 
from the disappearance of coarse aggregate; this can 
be a local maintenance problem. 

In general, the 40 percent maximum for Los 
Angeles abrasion loss seems valid for arterials and 
heavily used collector road s . For local roads and 
collector roads that have small traffic vol.umes, an 
acceptable loss of 50 percent i s more reasonable. 
Aggregates that have losses in excess of 50 percent 
have performed satisfactorily in some cases. When 
use of such aggregates is planned, the gradation 
should be made coarser than usual to compensate for 
degradation of the coarse fragments. Crushing on 
the road by 9.rid roller is economical and frequently 
adequate. 

In the early years of road building, when dry 
macadam pavements were common, a certain amount o f 
ag.gregate abrasion was considered essential to the 
performance of the pavement. Continued production 
of fines replaced those lost to dust and rainwash 
and so maintained the desired dense gradation at the 
surface. This reasoning, and the frequently ob
served poor performance of very bard aggregates, 
suggest that mini mum, as well as maximum, Los 
Angeles abrasion losses should be specified for un
treated aggregate surface materials. 

Abrasion is influenced by the grading and binding 
capability of the aggregate. Both open-graded and 
over-sanded aggregates will experience greater abra
sion !asses than will the same aggregate in the 
dense-graded case because the particles in a dense 
gradation are more tightly bound than those in 
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either of the other cases, and so are less subject 
to wear. 

Durability 

Early in the Interstate program, engineers became 
aware that many pavements were failing long before 
their anticipated life span, even though they had 
been well designed and built by using aggregates 
that met all of the quality standards then in use. 
An enormous amount of research has shown that all 
aggreqates degrade differently, and some may produce 
different residues or a ~eater volume of residue in 
the presence of water than they do in the dry state. 
Rocks that produce small amounts of nonplastic fines 
in the Los Angeles abrasion test may produce a 
higher volume or highly plastic fines if water is 
present. These fines are a major cause of bitumi
nous pavement failures, but these same fines usually 
will improve the performance of an untreated aggre
gate surface. Wet abrasion tests are still under
going development, but Al\SH'!O T2l0 seems to be gain
ing general acceptance. More work is necessary to 
establish limit values for acceptable performance, 
but it seems likely that a maximum durability index, 
together with a range of abrasion losses, should be 
specified for untreated surfaces. The limit values 
remain to be determined. 

Dust Ratio 

The dust ratio is defined as the ratio of the per
centage passing the number 200 sieve to the peccent
age passing the number 30 sieve. It is a means of 
controlling the shape of the grading curve in the 
fine end, since there are often no sieves specified 
between the number 30 and the number 200. It is 
possible for an aggregate to be comparatively high 
in material passing the number 30 and low in the 
percentage passing the number 200; in other words, 
gap graded in the area where good grading is impor
tant to stability. The usually specified dust ratio 
of two-thirds helps ensure that the fine fraction of 
the aggregate is well graded. However, it is often 
considered to be an unimportant specification and is 
very frequently ignored in quality assurance test
ing. The dust ratio should be given more attention. 

Sand Equivalent 

The sand equivalent (SE) test, AASHTO Tl76, began as 
an attempt to develop a shortcut for the Atterberg 
limit tests in aggregate. It is quick, easy, and 
reasonably accurate. Though not an exact substitute 
for the Attecberg limits, an SE value greater than 
35 usually correlates with a PI of less than 6. When 
this is the only item of concern, as in an aggregate 
for bituminou.s paving mixture , it is a satisfactory 
substitution. 

However, it is not possible to develop a broad 
correlation between definite values of PI and SE. 
Thus, when a minimum PI is specified, a sand equiva
lent cannot be substituted. The test is not of much 
use at this time in specifying aggregates for un
treated surfaces except that the technique is a part 
of AASHTO T210. Some evidence exists, though not 
conclusive as yet, that good values of natural ce
mentation, based on the FHWA test, occur with sand 
equivalents less than 45 <i>. 

The sand equivalent also correlates with the per
centage passing the number 200 sieve. 

Compaction 

Engineers working under nonengineer ing managers are 
often asked to defend the practice of thorough com-
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pact ion of untreated aggregate sur faces during con
struction. We conf i dently reply that it is well 
worth the cost because compaction preserves the dis
tribution of fines, prevents segregation, and im
proves the structural support of the layer--all 
arguments firmly based on bituminous pavement ex
periences. 

Yet, most aggregate surfaces will fluff or loosen 
with frost cycles or wet seasons, then settle down 
again under traffic: this behavior continues 
throughout the life of the surface. I believe that 
compaction is beneficial but find it hard to con
vince skeptics in the absence of positive data. In
deed, many low-volume logging roads are built with 
only traffic compaction of the s ·urfac ing aggr egate 
and seem to pe r£orm as well as o ther s built with 
controlled compaction. If the pee formance of un
treated aggregate surfaces built with and without 
controlled compaction could be compared with type 
and volume of t r a f fic, the resulting data would be 
very useful to engineers and managers. 

OONCLUS ION 

The foregoing shows that the properties of aggre
gates f o r untreated road surfac es are comp l ex. 
Specifica tions must be i nfl uenced no t onl y by the 
characte ristic s o f t he rock bu t a l so by the clima te, 
the pu rpos e o f the road , and natur e and volume of 
traffic . Many complex i n teractions oc c ur t ha t ace 
no t predictable on the basis of laboratory tes t p r o
c e dures . Eve n the c haracte ris t ics defined by te.s t s 
a r e not i ndepende nt of each other . Ye t, t he re is a 
strong tendency for e ng i neers who ate not well 
trai ned i n mater ials to look at each p rope rty i n a 
list of specifications as an ab.stract val ue a nd di s
ca rd or modify those t hat do no t s e em s atisf actory 
wi t hout cons i de rat i on o f t he e f fects of t hat proper
ty on t he ove t:" all behav i o r o f t he agg regate . Th is 
d iscussion prese nts no firm recomme ndations f o r · nu
mer i c v a lues because I do not have access to re
search facilities and personnel. The values cited 
are based o n o b ser va t ion and expe r ience in a par
ticular environment. The objective o f this discus
s ion has bee n t o call attention to some of t he 
conside rations i nvolved and t o s timula te some sys 
tematic i nvestigations directed s pec ifically a t un
t reated aggregate r oad surfaces. 
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Safety , maintenance cost , user cost, economy , and 
riding quality all are affec t ed by t he aggregate 
used. Current resear c h, particulatly the huge 
Brazil project (], pp. 304-340) , i s showi ng that 
fuel consumption a nd user costs i n general are more 
strongly related to r oad surface conditions , es
pecially smoothness , than has been recogniied up t o 
t h is time even with untreated surfac es . Long ex
perience has prove n t hat small i nvestments i n i n
vestigation, design, a nd quality ass urance pay big 
dividends. However, many road-building agenc ies are 
caught in a personnel a nd budge t squeeze that makes 
such work difficult or i mposs i ble . With r enewe d 
interest in low- volume roads , rapidly inflating 
costs, decreasing ava ilabil i t y o f quality aggre
gates, a nd tigh t e nvironmental controls, it is no 
longer reasonable to ignore the design factors in
volved in untreated aggregate surfaces. We must 
unders tand the proper t ies of aggregates and derive 
highly efficient s pec ifications for even very low 
standar d roads . 
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Fabric-Reinforced Aggregate Roads-Overview 

QUENTIN L. ROBNETT AND JAMES S. LAI 

The purpose of this paper is to present an overview of the use of fabrics in 
oggregatc·surfocad roads. Spocific areas 11ddressed in the paper aro (a) general 
porformancc alrnracteris1ics· of aggregato·fabric-soil (A FS) systems, (b) mech· 
anisms that contribute to tho fobrlc·relatod benefits, le! varlol1 s fnctou that 
exert a major influence on th e performonce of AFS systems, and (d) methods 
of analyzing and designing AFS systems. Data and informati on sources used 
in the discussion include pertinent literature and results f rom a study being 
conducted in the School of Civil Engineering at the Georgia Institute of 
Technology. 8 a1ed on the tliscuuion prese nted in this pape r, use of an In· 
torlayer of fabric in an uggrcgate-surfacod road can load to either ho tter per· 
formanco or to substantial rcduotions In aggregate toyer thickness. It is also 
shown that the bohovior of AFS is complex and difficult to analyze with 
1hoorct.ical models. Although numerous thickness design methods nto avail· 
obl o, mon or-0 for specific commercial fa brics end aro empirical in nature. 
No general design procedure is nveilablo that can nc~ommodnte " vario1y of 
fabri cs of widely d iffering propcrdes end , thus, it is difficult for potential 

fabric users to make economic decisions in selecting fabrics and design thick· 
nesses for various job requirements. 

Synthetic enqineerinq fabrics or qeotextiles have 
become i ncieasinql y impor tan t in c i v il enqi neer i ng 
a ppl ica tions in recent year s . The main a Ppl i cations 
inc l ude dra.i naqe , e ros i on control , separation , and 
reinforcement. Fabr ics t ha t per toim t hese func tions 
are termed geotextiles and are defined by the Ameri
can Society for Test ing and Ma t e r ials (ASTMl as any 
per meable textile used with geotechnical materials 
as an integral part of a man-made project, struc
ture, or system. 

In railroad and highway support systems, fabrics 




