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Aggregate-surfaced roads, especially those constructed with volcanic cinders, 
have performed with variable results. The U.S. Forest Service, in connection 
with forest development road construction, initiated a study to determine what 
parameters influenced the performance of cinders when used as a wearing sur
face. A road-rating system, similar to the AASHO Road Test methods, was 
developed to determine which were "good roads" and which were "poor roads" 
based on O to 5 numerical rating scale. Forty-seven roads in forests in south
central Oregon were rated and statistically correlated with maintenance, rut
ting, watering, speed, and traffic volume by means of a multiple linear regres
sion program. The resulting regression equation had a multiple correlation 
coefficientof 0.812, with rutting and speed being the most significant variables. 
The results are felt to apply to all types of aggregate-surfaced roads, with the 
resultant numerical rating referred to as a performance index. The informa
tion from this rating system will be used to recommend specifications for un
treated surface-course material. 

•ONE OF THE MAJOR SOURCES of aggregates for low-class roads in central Oregon 
and northern California is volcanic cinders (scoria). The use of cinders and the per
formance of cinder-surfaced roads has been varied, with both good and poor results. 
The U.S. Forest Service began a study in 1968 to determine the parameters that in
fluence the performance of volcanic cinders when used as a wearing surface for forest 
development roads . 

The approach to this problem suggested an evaluation of the performance of existing 
untreated cinder roads to determine which were "good roads" and which were "poor 
roads" based on a numerical rating scale. This in turn was related to the physical 
properties of the cinders in the roadway and from the borrow pit. A survey of current 
literature and construction practice was also performed. These relationships, together 
with other field observations, were used to recommend specifications for selecting 
borrow material and for constructing quality control techniques . This paper is con
cerned only with the development of the performance-rating procedure. The details 
of the entire study are presented in a U.S. Forest Service repor t (1). 

A performance- rating system (serviceability over a period of ti.me) had to be de
veloped because none existed for untreated aggregate roads . Ser viceability (developed 
by the AASHO Road Test) was not felt to be applicable because the condition of an un
treated road changes rapidly from day to day. This is especially true if a road is rated 
immediately before maintenance (its poorest condition) and immediately after mainte
nance (its best condition). Instead, the performance of the road was considered and 
related to the maintenance period. 

BACKGROUND INFORMATION 

An evaluation of the ability of a pavement or riding surface to perform its intended 
function has been attempted for many years, mainly in the form of a "good" or "poor" 
classification. These subjective terms obviously varied from rater to rater. In an 
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effort to solve this problem, several systems using an objective evaluation based on a 
numerical scale were developed, utilizing such terms as performa..11cc rating, service ~ 
ability index, condition survey, and sufficiency rating. The end result was to somehow 
determine the beneficial and detrimental features affecting the performance of an exist
ing road so that the detrimental properties could be avoided in future projects and the 
beneficial items used or improved on to prevent failures and to upgrade the surface 
riding quality. 

Unfortunately, very little has been done concerning the rating of untreated or gravel 
surfaces. The necessary requisites of untreated surfaces have been documented (2). 
They are (a) stability, or the ability to support the superimposed loads without detri
mental deformation, (b) ability to resist abrasive action of traffic, (c) ability to shed a 
large portion of rain because excess moisture may cause loss of stability, (d) capillary 
properties sufficient to replace moisture lost by surface evaporation, and (e) low cost. 

To achieve these requisites, the items that have been proved to be necessary are 
(a) control of grading (AASHO M 61 specifications), (b) control of Atterberg limits in 
binder (AASHO, maximw.n liquid limit = 35, PI= 4 to 9), and (c) maximum Los Angeles 
abrasion = 40. 

Roughness of untreated surfaces has also been ·studied (3). The circumstances that 
have been ascertained to be associated with the formation -of potholes include (a) volume 
of traffic; (b) width of road surface (related to item a); (c) type of surface material; (d) 
condition of crown (steep favorable); and (e) condition of shoulders. Of these factors, 
the volume of traffic is perhaps the most important. The problem of rating untreated 
roads then becomes one of deciding which features of the roadway are to be considered 
in recognition of the fact that the purpose of a highway pavement is to provide a smooth 
riding surface supplying safety, comfort, and economy to the highway user (4, 5). 

The most important feature therefore appears to be riding quality. However, this 
poses a problem for untreated roads, because the riding qualities vary considerably 
with maintenance. When the riding quality becomes poor or reaches a certain critical 
point, then the road is maintained and upgraded to its original condition (this may 
vary according to available money, men, or equipment). Thus, the evaluation of un
treated surfaces varies from good to poor and back to good. The logical means of eval
uating riding quality then becomes a function of maintenance frequency and ease of main
tenance, with some consideration given to the severity of dusting. In addition. the type 
of rutting should be included, such as washboard (transverse), erosion or wheel ruts 
(longitudinal), and potholes or local failures. The depth and spacing of washboards are 
generally constant and independent of the nature of the material in which they occur (3). 

The deterioration or required frequency in maintenance of a road is also dependent 
on the amount and type of traffic and on speed. The latter appears to be influenced by 
geometric design; i.e., the straighter the road, the greater the speed and the faster 
the deterioration. However, sharp curves will cause lateral shoving of material, and 
steep grades will present problems of sudden speed changes due to shifting as well as 
traction problems (6). 

The consideration of maintenance in serviceability and performance studies has 
been recognized by Crawford and Anderson (7), who believe that" ... ride alone is not 
a criterion of pavement performance. It must be coupled with a knowledge of main
tenance activity to be meaningful-any pavement can be made to have a smooth 'ride' 
if enough money is spent for maintenance activity. However, a smooth riding highway 
that is being maintained at excessive costs cannot be said to be performing satisfactorily." 

In high-type bituminous pavements, maintenance can be correlated with thickness 
increase resulting from patching and repair. For all types of pavements, maintenance 
frequency or cost could be measured. Traffic volumes, as indicated previously, affect 
the maintenance frequency and riding quality of a road. Reports of traffic volume versus 
wear vary. In 1924 Ladd reported that gravel roads subjected to a volume of not more 
than 200 to 300 vehicles per day remained practically free from washboard if they were 
occasionally dragged (3). As soon as the volume reached 400 to 450 vehicles per day, 
washboards developed very rapidly. Carpenter and Dana found in 1927 that 300 to 400 
vehicles per day did not usually cause serious formation of washboards (~)- Willis, 
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Aaron, and Lindberg found in 1942 that washboards may appear when the cowit is as 
low as 100 vehicles per day (8). In 1961 Huang speculated that, cons ider ing that weights 
and speeds of vehicles have been considerably increas ed during the pas t 30 yeru:s, a 
volume of 50 vehicles per day can probably be regarded at present as the average vol
ume that would initiate washboarding in a fairly well-constructed road even under favor
able climatic conditions (3) . 

Relating the surface wear or maintenance responsibility attributed to various types 
of traffic has always presented a problem. The U.S. Forest Service, in an attempt to 
solve this problem, converts various types of traffic to equivalent units for assigning 
maintenance . Shares are based on the following (~): 

1,000 board feet hauled (round trip) = 2 pass enger vehicles (one way) 
= 1 ½ passenger vehicles with trailer (one way) 
= 2 cubic yards of r ock or or e (r ound trip) 

Because one truck load equals approximately 5,000 board feet (net), then one log 
truck (round trip) is equivalent to 100 passenger vehicles (one way). 

Opinions vary as to the validity of these relationships. Some Forest Service per
sonnel would place more emphasis on loaded logging trucks as compared to passenger 
cars , whereas others feel that high-speed passenger cars, especially in the form of 
recreational traffic with campers and boat trailers, are more destructive than the re
lationship indicates. 

DEVELOPMENT OF RATING SYSTEM 

It was decided to use a procedure similar to the AASHO Road Test methods (10) for 
the rating of untreated aggregate roads. The AASHO Road Test serviceability 
performance-rating system appeared to be reliable and generally accepted by many 
transportation agencies. However, one major deviation was made in this study; the 
road was given a performance rating instead of a serviceability rating by the rater. 
Because the serviceability (rating at a particular time) varies considerably between 
maintenance periods, per formance (a r ating over a period of time) is used instead. 

The rating of each individual r oad segment was obtained from three knowledgeable 
persons on the particular National Forest or Ranger District, such as the district engi
neering assistant, the road maintenance foreman, or the district ranger. Unfortunately, 
different personnel were used on each forest and even on each district because only the 
local people had a good knowledge of how the particular road performed over a period 
of time. The authors were unable to rate the roads because in most instances they saw 
the particular road only once or twice, which would not necessarily be the "average" 
condition of the surface. 

The raters were asked to rate the particular road on the basis of the AASHO Road 
Test O to 5 scale (11). They were told to rate the road as to its ability to carry the 
existing traffic efficiently and conveniently under the average conditions of the road 
between maintenance periods, comparing the road with a high - quali ty gravel surface. ' 
The individual rating was called the performance rating (PR) and the average of the 
three values obtained for a particular road was called the per formance value (PV). 

The use of a performance rating has certain inherent advantages. Because the rat
ing was an average over a period of time, requiring the rater to be a person familiar 
with the operations of the road over an extended period, it was not necessary for the 
rater to drive the road at the time the rating was made. In most cases the ratings were 
made individually in the office. Thus, the individual ratings were convenient for the 
raters to make and less time-consuming than a serviceability-type rating. If necessary, 
the required ratings could be obtained by mail. One major disadvantage is that this 
rating may contain considerable bias. 

The more difficult aspect of the rating system was the determining of properties of 
the roadway surface that could be used to predict the performance value (PV). This 
prediction, based on measurable surface properties, was necessary to standardize the 
performance value, inasmuch as the value for a particular road could vary from district 
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to district because a new group of raters had to be used in each district. The predicted 
value, called the performance index (PI) , could then minimize any bias inr.lucled in the 
individual ratings. 

Based on e/lrlier discussions, maintenance was felt to be the basic parameter to re
late the performance index. In addition, both longitudinal profile and speed were felt 
to be important. Finally, traffic volume, with considerations for weight, was suspected 
to affect the items mentioned. All of these quantifiable properties were considered 
based on experience derived by other investigators, as outlined in an earlier section. 
The specific items thus evaluated were (a) maintenance frequency, in days; (b) length 
of time for ruts, washboards, or potholes to develop after maintenance (so that they 
affect the efficient and safe operation of the vehicles using the road), in days; (c) in
terval between period of watering during the dry season, in days; (d) maximum safe 
speed that can be maintained by the majority of vehicles during the average conditions 
of the road surface, in miles per hour; (e) average number of traffic units (two-way) 
per day over the road during the period of the rating, in units per day (9); and (f) amount 
of logging traffic units (two-way) as determined in item e, in percent. -

During the course of the study, several other variables were investigated, such as 
subgrade strength, surface strength, surface thickness, age since construction, and 
the effect of the roadway cross section and width. However, none of these items ap
peared to have any measurable relationship to the road rating. 

So as not to introduce other unnecessary variables, the raters were asked to con
sider only a straight, nearly level, and unshaded portion of road when assigning a 
performance-rating value. It was felt that grades, curves, and tree cover (affecting 
the moisture content of the road) would affect the rating and thus should be avoided if 

possible. The properties used in the 
performance index were obtained from 
experienced personnel who were familiar 
with the maintenance and operations of 
the individual roads in the forests. Again 
these values were obtained for a straight 
section as indicated. 

The total of 47 roads selected for study 
consisted of (a) 5 roads in the eastern 
portion of the Rogue River National Forest, 
(b) 9 roads in the western portion of the 
Fremont National Forest, (c) 9 roads in 
the southern portion of the Deschutes 
National Forest, and (d) 24 roads in the 
Winema National Forest. The general 
location of the study area is shown in 
Figure 1. In many cases the road was 
rated twice, once based on logging traffic 
during a recent timber sale and a second 
time based on light passenger-vehicle 
traffic. Thus, a total of 57 ratings were 
made. The results of the ratings and the 
associated properties used in the per
formance index are given in Table 1. 

The average of the ratings (perform
ance value) and the road properties were 
then analyzed using a multiple regression 
computer program (BMD-02R). This pro
gram weights each property and enters 
it into a linear equation that best esti
mates the performance value based on a 
least squares analysis. The single cor
relation coefficient between each variable 
and the performance value is given in 

Figure 1. Study location map. Table 2. 
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TAOLE 

ROAD DESCRIPTION AND RATINGS 
---- - -----

Spel'cl Huls Maj11lcna11l:c Waler Traffic Percent 
Road Numhcr PV Pl Unil8 Loi;ging (lllphl (clays) (clays) (clays) 

per Day Traffic 

Wim·ma N:ilional Fort•sl 

I 361 2,0 2.6 25 14 GOO 300 15 20 
2 3660 3.2 3.0 35 30 300 300 25 40 
3 350 2.8 2.6 25 21 120 300 100 0 
4 3633 3.1 2.8 30 30 120 300 50 0 
5a 3700 4.6 4.2 50 300 300 300 20 0 
5b 3700 4.6 3.3 50 3 2 70 71 
6 350D 4.8 4.5 50 300 7 1 50 90 
7 3790 3.8 4.5 50 300 7 1 140 90 
8 358 3.7 4.5 50 300 7 1 220 90 
9a 31043(N) 1.5 2.3 30 14 180 300 20 0 
9b 31043(N) 1.5 2.3 30 4 4 2 61 82 

lOa 31043(S) 2.7 2.3 40 4 180 300 16 62 
lOb 31043(S) 2.7 3 .0 40 10 8 4 61 82 
11 35010 2.5 2.9 40 7 7 1 150 67 
12a 3190 2.7 3.1 45 30 90 300 20 0 
12b 3190 2.7 2.7 30 14 14 7 77 90 
13a 31049(W) 1.7 1.9 35 7 180 300 10 0 
13b 31049(W) 1.7 1.5 20 1 7 7 61 82 
14 34015 2.7 2.4 45 14 90 300 10 0 
15 31049(E) 1.5 2.5 45 14 180 300 10 0 
16a 33061 3.2 3.1 50 3 7 1 285 88 
16b 33061 3.2 3 .3 50 6 30 7 120 83 
17a 2731a 4.2 3 .8 45 90 90 300 76 0 
17b 2731a 4.2 3.5 35 90 90 1 131 38 
18 2652ca 4.6 4.1 50 300 180 300 20 0 
19 286 2.0 2.1 25 4 90 90 19 0 
20 286b 2.2 1.6 30 1 0.5 300 37 68 
21a R283 3.5 3.8 40 180 90 90 11 68 
21b R283 3.5 2.8 40 5 90 90 30 0 
22 R2971 2.3 1.7 20 5 180 180 10 0 
23 29079 2.5 1.9 25 5 180 180 10 0 
24 30037 2.3 2.7 45 2 90 90 72 14 

Deschutes National Forest 

25 1821 2.3 2.8 40 7 100 300 80 10 
26 1915 4.7 4.2 45 300 300 300 50 0 
27 1808(W) 2.7 2.8 35 10 100 300 150 30 
28 1808(N) 3.2 3 .4 50 10 100 300 200 30 
29 217 2.7 3.1 45 7 150 300 125 15 
30 2022(W) 1.8 2.1 30 30 150 300 10 30 
31 2022aE) 3.0 2.4 30 5 2 1 340 88 
32 2016 2.5 3.4 45 21 150 300 80 50 
33 2221 1.8 2.8 35 10 75 300 350 10 

Rogue River National Forest 

34a 3520B 2.2 2.5 35 3 60 60 110 90 
34b 3520B 2.2 2.4 35 3 120 120 35 71 
35 344C 3.5 3.3 40 30 120 120 40 0 
36 3520M 3.7 3.1 40 14 80 80 40 0 
37 3317 2.7 3 .2 40 28 240 240 25 0 
38a 3520 3.2 3.1 40 14 80 80 25 0 
38b 3520 3.2 2.9 40 7 60 60 35 34 

Fremont National Forest 

39 30038(N) 3.7 3.7 40 100 70 70 34 90 
40 30038(C)C 4.7 3.9 45 100 70 70 34 90 
41 30038(S) 3.0 2.9 40 7 70 70 34 90 
42 3312 3.0 2.9 40 7 7 7 131 90 
43 3610 2.7 3.1 35 42 240 240 31 90 
44 335 4.0 3.1 40 42 240 240 10 90 
45 379(S) 4.3 4.1 40 300 80 80 116 90 
46 379(N) 3.5 2.9 40 300 1 1 116 90 
47 3609 3.0 2.8 50 30 120 120 80 90 

Note: All roads are cinder-surfaced except as follows: 
8Gravel road (crushed basalt); 
bPumice road; 
cClay binder added to cinders; 
dPit-run glacial outwash (basalt) . 
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Many variations and combinations of variables were investigated, including the com
"""" lnu<> .. ithm nf 1-h<> ""'ri::ihl<>~ - thP ~mrnrP of thP. variahlP.s. and combinationi:; of two .............. - ..... o- ------- -- --- . ----------, ---- --... ----- - -- . - - - , 
variables multiplied together or divided by each other. The results of the best equation, 
with the highest multiple correlation coefficient (MCC), were as follows: 

PI = 0.704 + O.O41S + 0.702 log10 R - O.O4OW /U + O.O22M/U 

where 

PI performance index, 
S speed in mph, 
R rut development in days, 
W watering interval in days, 
U traffic units, and 
M maintenance interval in days. 

The MCC for the equation is 0.812. However, ruts and speed alone contribute 0.768 
to the coefficient, with the remaining variables increasing the correlation of the equa
tion by only 4.4 percent. The steps in forming the equation and the influence of each 
variable is as follows: 

PI 1.871 + 0.916 log10 R, MCC = 0.685 (Step 1) 

PI 0.491 + O.O43S + 0.699 log10 R, MC = 0.768 (Step 2) 

PI 0.846 + O.O37S + O.7 33 logio R - O.O25W/ U, 
MCC = 0.805 (Step 3) 

PI 0.704 + O.O41S + 0.702 log10 R - O.O4OW/ U 
+ O.O22M/U, MCC = 0.812 (Step 4) 

As indicated in Table 2, the most important variable is the formation of ruts. 
Using the best equation as given previously, the PI of each road can be calculated. 

This value is then an estimation of the PV with the bias of individual raters removed. 
A comparison between these two values is given in Table 1. Review of these datashows 
ti1c:1.L W1t:: J. t:git:~OiUiJ. a.iialyoio tCii..:lO tu cli:i.LJ.ii.ici.tc ttc C.Ati-CilJ.C :..-p,ti1,50. 

Figures 2, 3, 4, and 5 show typical examples of the various ranges in road rating 
based on the PI. 

COMMENTS ON ROAD-RATING RESULTS 

The significant variables used in the final equation to predict the PV were generally 
those expected, such as speed and rutting. These variables were expected to be signif
icant, based on the experiences of other writers. The fact that the variables of 

maintenance, traffic units, watering, and 
percent of logging traffic were not signif
icant was somewhat unusual and unexpected. 

TABLE 2 

PROPERTIES OF INDIVIDUAL VARIABLES 

The reasons for these departures from the 
expected are as follows: 

Variable Mean 

Performance value 3.0 
Ruts 62.0 
Water 158 .1 
Maintenance 110.6 
Speed 38.8 
Units 75.2 
Percent 

logging traffic 42.2 
Log10(ruts) 1.26 
Water / units 6.83 
Maintenance/units 5.19 
(Speed)' 1,575.9 
Log10 (units) 1.64 

Standard 
Deviation 

0.9 
102 .0 
127 .4 
104.7 

8.2 
77.9 

38.9 
0,68 
8.93 
7 .65 

611.4 
0.40 

Correlation 
With PV 

1.000 
0.647 

-0.226 
-0.066 

0.604 
0.024 

0.142 
0.685 

-0.294 
-0.207 
0.612 
0.229 

1. With an increase in traffic volume 
(logging operations in most cases), more 
emphasis was placed on maintaining a 
smooth surface. As a result, the road 
performance actually improved with use 
through additional compaction, blading, 
and watering. Under low traffic volumes, 
the road was often maintained only once 
a year after spring thaw. Thus, mainte
nance frequency and traffic volume were 
more functions of use rather than of road 
performance. 



Figure 2. Road R971 (Little Yamsay) Northest of 
Chiloquin, Oregon (PV = 2.3, Pl= 1.7). 

Figure 4. Road 33061 (East-West) West of Chiloquin, 
Oregon (PV = 3.2, Pl = 3.3) . 
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Figure 3. Intersection between road 1821 (China Hat, 
background ; PV = 2.3, Pl = 2.8) and road 1915 
(Lockit Butte, PV = 4.7, Pl = 4.2) East of Bend, 

Oregon. 

Figure 5. Road 379 (F ishhole) South of Bly, Oregon 
(PV = 4.3, Pl =4.1) . 

2. The effect of logging traffic and recreational traffic in road performance is 
actually not well defined; the use of traffic units is only an estimation. 

3. The small correlation between traffic volume and performance value (CC = 0.024) 
indicates that the volume of traffic using a forest-access road is independent of its con
dition, because there is often no alternate road. 

The use of the multiple correlation coefficient indicated that 34 percent of the varia
tions in PV was unexplained. This is more than likely due to the variation in raters 
from forest to forest and is the reason for using the PI rather than the PV. 

CONCLUSIONS AND APPLICATIONS 

Even though the system was developed using cinder-surfaced roads, several crushed 
aggregate and volcanic pumice roads were also rated (Table 1). Thus, the study is 
felt to be applicable to all types of aggregate-surfaced roads. With one or two excep
tions, the calculated performance index (PI) for each road was felt to be reasonable 
by Forest Service personnel (i.e., the poorer roads in the forests received low PI 
values and the better roads the higher values). Once the road-rating system using the 
PI was established, typical examples of roads within each rating group were selected 
and the surface material was sampled. The purpose in sampling the roads was to de
termine phys ical properties that could be identified with roads of high performance 
(PI) and those associated with low performance or, more specifically, the correlation 
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between performance and physical properties. A field-sampling and laboratory-testing 
program was initiated for 30 different roads. A significant correlation was found be
tween performance and physical properties. The results revealed that several modifi
cations were desirable to standard specifications for road-surfacing aggregate to better 
fit the properties of cinder aggregates. These modifications are presently being con
sidered for use by the U.S. Forest Service. The details of this study are presented in 
two reports found elsewhere (1, 12). 

In addition to the cinder-sanipling program, the results of this study are currently 
being considered for use in a surfacing-loss study and in evaluating thickness design 
techniques for Forest Service aggregate-surfaced roads. A similar rating system 
may be developed for a dust-control program. 

SUMMARY 

The results of the study indicate that a performance-rating system can be applied 
to aggregate-surfaced roads. Because of the variability of the surface riding char
acteristics of untreated roads, the rating must be referenced to a period of time, the 
maintanance interval being the most logical one to use. A rating system based on a 
0 to 5 numerical scale was used and was correlated with maintenance, rutting, water
ing, speed, and traffic volume. Speed and rutting frequency were found to be the most 
significant parameters. Traffic volume was not found to be a significant factor; how
ever, perhaps some means other than the U. S. Forest Service unit system should be 
investigated. 

The advantage of this rating system is that no elaborate equipment is required to 
rate the road, because only maintenance and traffic data are needed. This is in keep
ing with the level of service and cost of construction for this low class of road. Ex
pensive and sophisticated measuring equipment is only justified for high-type roads. 
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