
64 

OPEN GRADED EMULSION MIXES FOR USE AS ROAD SURFACES 

R. G. Hicks and lJavid R. I latch, Oregon State University 
Ronald Williamson and John Steward, U. S. Forest Service 

This paper describes the development of struc­
tural layer coefficients for open graded asphalt 
emulsion surfacing layers which can be used with 
the AASHTO pavement design method, as modified by 
the U. S. Forest Service, Region 6. A field sur­
vey conducted to document the history, perform­
ance and material characteristics of in-service 
pavements is described and this information, to­
gether with a survey of experienced users, is 
used to determine the most important factors af­
fecting the design thickness for the pavements. 
Traffic, base type, temperature and drainage de­
sign all are important to determine the pavement 
thickness. Two procedures used for the develop­
ment of structural layer coefficients are des­
cribed. The first procedure uses the information 
from the performance survey and the AASHTO pavement 
design method to determine appropriate layer co­
efficients for three in-service roads. The sec­
ond procedure is a fundamental approach based on 
layered elastic theory and using information from 
the field survey. This procedure is useful for 
the analysis of the pavement in the fully cured 
or partially cured state. Although a conserva­
tive approach was used for both procedures, the 
developed layer coefficients are greater than the 
values used in the current design procedure. This 
indicates that modification of the current values 
is appropriate. A tabled presentation of layer 
coefficients is proposed which considers only 
those factors found to be important for the deter­
mination of design thickness . 

results in less pollution and lower construction 
costs. Construction costs are reduced because of the 
elimination of the operations of heating and drying 
the aggregate, aggregate screening and maintaining 
the asphalt temperature . Eliminating the aggregate 
dryer eliminates both a primary source of air pollu­
tion and a fire hazard and results in an energy 
savings by reducing fuel costs. Using damp aggregates 
with lower percentages of fine particles reduces the 
nuisance of dust (1). Asphalt emulsions are less pol­
luting and less hazardous than solvent solutions of 
asphalt. 

An OGAEM project constructed by the Douglas 
County Road Department of the State of Oregon in 1966 
was one of the first projects in the Pacific North­
west. The success of this project and others prompted 
the U.S. Forest Service Region 6 to construct an OGAEr1 
project in the Ochoco ilational Forest. Since this 
tine, the U.S. Forest Service has become one of the 
larges t users of OGAEM materials. 

In recent years, however, the U.S. Forest Service 
has not been entirely satisfied with the performance 
of OGAEM pavements (2). As a result of apparent 
problems, the U.S. Forest Service, Region 6, con­
tracted with Oregon State University to develop an 
improved procedure for designing pavements using 
OGAEM naterials through proper selection of layer 
coefficients (a-values). The U.S. Forest Service 
currently uses a modified AASHTO design procedure (3). 
The factors considered in the determination of the 
structural layer coefficients for OGAEM include 
traffic, asphalt type, aggregate plasticity index, 
aggregate qua 1 ity and to a 1 imited extent "curing 
conditions, traffic control, compaction requirements, 
stockpile or aggregate uniformity requirements, etc." 
(3). The U.S. Forest Service recognized the limita­
tions of the current design procedure for OGAEM mater­
ials and wished to develop a procedure to establish 
layer coefficients which gives consideration to lab-
oratory stiffness tests of these materials. This 
report is a description of recent efforts to develop 
improved layer coefficients. The purpose of the 

Open gral'led aspITTrlt emu1s1on m1xes(-Ot"A!Jvr)are 
mixtures of open graded aggregates and emulsified 
asphalt. An open graded aggregate is an aggregate 
with a low percentage of fine particles. An OGAEM 
is characterized by high void contents on the order 
of 20 to 30 percent, and typically less than 10 per­
cent of the aggregate material passes through a llo. 
10 screen{.}__). Three typical gradation specifica­
tions used in the Pacific ~orthwest for OGAEM are 
presented in Table 1, along with a U. S. Forest Ser­
vice gradation specification for a dense graded 
asphalt mix. 

~~=re=p=ort~ 1s o descr1oe the development of a met o --""clf~­
establishing layer coefficients, which considers 
laboratory test results and those factors which affect 
the thickness design of OGAEM pavements. 

Pavements constructed with OGAEM are cold-mixed 
and cold-laid with conventional paving equipment. 
Using OGAEM with conventional equipment generally 

Performance of Open Graded Cold Mixes 

At the time the project was initiated, there was 
considerable confusion as to whether or not OGAEM 
were performing in an acceptable manner. Some engi­
neers indicated all cold mix jobs were 'falling apart 
while others indicated they provided acceptable, if 
not excellent, performance. Further, no clear-cut 
evidence was available as to which factors most affect 



the performance of these type mixes. To clarify this 
confusion, extensive field and questionnaire surveys 
were conducted. 

Field Performance Survey 

Fourteen projects throughout Oregon and Washing­
ton were selected for survey. They included varia­
tions in geographic region, traffic, climate, and 
responsible agency. Because the primary purpose of 
this survey was to observe different types of dis­
tress and to provide information for development of 
layer coefficients, random sampling techniques were 
not considered necessary. For each project ride 
quality, pavement condition and drainage conditions 
were rated. A standard survey form was developed to 
assure complete collection of the data and facili­
tate the compilation. 

Each project was driven at normal speeds in a 
passenger car. Each evaluator independently rated 
the riding quality and overall evaluation (ranging 
from very poor to very good) . Roughness or patching 
due to slope failures was not considered in the 
evaluation process. For each project the following 
pavement conditions were rated: percent cracking 
(alligator and longitudinal), depth and amount of 
rutting, degree of ravelling (presence of potholes 
would be severe), percent maintenance patch, per­
cent surface seal retained, surface texture, drain­
age conditions, and amount of asphalt observed by 
visual inspection. 

The actual thickness of emulsion mix was 
measured at each stop. A rut-depth meter was used 
to determine the depth of rutting. Where possible, 
the types and causes of distress, as well as the 
reasons for no distress, were documented. A summary 
of selected data from the survey is given in Table 2. 
The ride quality ratings of the surveyed pavements 
ranged from 4.2 to 9.2 with an average value of 
approximately 7.6 (scale of Oto 10 where 10 is 
excellent). The average overall rating averaged 
approximately 7.9 out of 10. 

The types of distress observed in the open 
graded mixes included distortion in the form of rut­
ting, alligator cracking, ravelling, and poor ride 
quality. Rutting was observed up to depths of 
1.3 cm (l/2 in.) with an average value of l cm (3/8 
in.). The only section which exhibited considerable 
cracking was a thin 5 cm (2 in.) section. Other 
projects exhibited only small amounts of local crack­
ing which could often be attributed to drainage prob­
lems. Ravelling of the surface treatment was ob­
served on several of the projects. The poor ride 
quality observed for some projects was attributed 
to built-in roughness, or cracking caused by thin 
sections or drainage problems. 

For each project surveyed, construction i nforma­
ti on, traffic data, materials type and materials 
properties were also obtained. The average age of 
the projects surveyed was five years and the most 
recently constructed project surveyed was two years 
old. There has been mention of projects constructed 
in Region 6 which have apparently failed in less 
time. None of these jobs were included in this sur­
vey. 

Ten cm ( 4 in.) diameter cores of the OGAEt1 were 
obtained at all project sites in order to determine 
the resilient modulus, gradation, and residual 
asphalt content and properties Ci), The resilient 
modulus tests were conducted using a diametral 
repeated load test system(~). The results of the 
tests indicate the average modulus to be on the 
order of 1380 to 2760 MPa (200,000 to 400,000 psi). 

Based on the variable performance observed in 
the field survey, it was concluded that several 
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factors other than traffic affect the performance 
of open graded emulsion mixes. These factors 
include environment, quality control, subgrade and 
base type, and drainage. Wea t her or climate have 
the greatest effect o~ emulsi?n mixes .during the 
curing stage of the mix. Curing studies (.§.) con­
ducted at Oregon State University and reported in 
the literature have shown that cooler temperatures 
tend to retard curing. However, the temperature 
dependency of the open graded emulsion mixes results 
in high modulus values at cool temperatures (§_). 
This fact may account for the observed success of 
the roads constructed in cooler climates. Rain 
falling on an unbroken mi x also can cause problems 
by washing the emulsion out of the mix (_?_). This 
is typically only a problem if a heavy rainfall 
occurs during the laydown process or before the 
emulsion breaks. 

The need for improved quality control was 
observed on several of the projects. Non-compliance 
to specifications was observed for thickness, aggre­
gate gradation and emulsion content. The open 
graded jobs are usually subject to less quality 
control than a typical hot mix job. 

t1aterials varied for the projects surveyed. 
Cleanliness of the aggregate was the most noticeable 
difference, with the cleaner aggregates exhibiting 
better coating. Variations between design and extrac­
ted emulsion contents were as much as 2 1/2 percent, 
indicating the level of quality control experienced 
with these types of projects. The effect of emulsion 
type was not treated in this study. All were manu­
factured by Chevron U.S.A. and all were either CMS-2 
or CMS-2h. 

Subgrade and base type also appear to greatly 
influence the performance of open graded emulsion 
mixes. Both Lewis River and Merrill Lake (Section 
1) roads have been subjected to considerable traffic; 
however, both projects show very little distress. 
This could be attributed to the very good subgrade 
and base layers (average R values of 64 for Lewis 
River and 69 for Section l of Merrill Lake) that 
were observed by the rating party (4). 

Distress was also observed wherever drainage 
problems (standing water or springs) existed. Thus 
it is apparent that removal of water from beneath 
the pavement is a necessary part of design for open 
graded emulsion mixes, just as it is with the design 
of conventional hot mixes. 

The survey was not of sufficient size to rank 
the importance of the factors which affect perform­
ance. This was accomplished by interviews with 
experienced users of OGAEM materials. 

Factors Affecting Performance 

To assess the relative importance of the factors 
which apparently affect performance of OGAEM mater­
ials, a questionnaire was distributed to experienced 
users to rank the importance of the factors affecting 
performance and to evaluate how the various factors 
might be accounted for through pavement design. 

The literature review and field survey yielded 
twenty-four factors which apparently affected perform­
ance. These factors were listed in two questionnaire 
forms and sent to user agencies, contractors and 
researchers to rank the relative significance of 
each factor and to indicate how these factors could 
be accommodated through improved design. 

The initial questionnaire resulted in twenty-three 
factors verified as affecting performance. The 
factors found to affect open graded emulsion mixes 
more than hot mix include seal coat application, 
curing temperatures, rainfall during curing, and 
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humidity. Free draining characteristics and ravel­
ling problems of open graded mixes generally require 
a seal coat to be used. The latter three factors 
listed are environmental factors which demonstrate 
the different nature of the two materials. Hot mixes 
"set" upon cooling, whereas emulsion mixes cure with 
time. 

The mixer performance is also more important 
for a hot mix material than an emulsion mix, because 
a portion of the mixing of the emulsion mix actually 
occurs during the laydown operations. This does not 
occur to the same extent for hot mixes, so mixer per­
formance is of greater importance. A point stressed 
by several contractors and user agencies is the 
importance of aggregate gradation. A "dirty" aggre­
gate with a high fines content has a larger surface 
area. This can cause problems with coating or pre­
mature breaking. The need for additional quality 
control of both materials and construction procedure 
factors was expressed by a majority of the respondents . 

The results of the follow-up questionnaire 
demonstrate the necessity of good quality control 
and specifications for open graded emulsion mixes. 
Table 3 summarizes the areas in which improvements 
might be required if an unfavorable condition is 
encountered. Hear ly every factor which affects 
performance is subject to improvement by quality 
control or specifications. The factors that could 
require design thickness modifications include the 
amount and type of traffic loads, curing temperatures, 
base type, and drainage design. These factors are 
not subject to quality control to the same extent 
as other factors. The designer should be able to 
predict these factors; thus these factors can and 
should be considered in a thickness design pro­
cedure. 

The design thickness of a pavement layer is 
dependent on the number of load repetitions, the 
strength of the pavement material, and the strength 
of the pavement support. The expected amount and 
type of traffic can be converted to equivalent axle 
loads (4) to represent the number of load repetitions. 
The strength of an emulsion mix paving material is a 
function of temperature and degree of curing (6). 
The climate of a road location can be used by the 
designer to estimate the temperature effects on 
curing and modulus. The strength of the pavement 
support is related directly to the type of base 
material. Subgrade and base materials are usually 
weakened by the presence of water, so drainage provi­
sions are an important consideration when the base 
strength is estimated. 

Development of Improved Layer Coefficients For OGAEM 

Two techniques were employed in the development 
of improved layer coefficients for use by the Forest 
Service. The first method is based on observations 
of in-service roads and use of the AASHTO procedure 

___ (_~h~p~50J_t.o est imate layer@effkieols {lL 
This method is particularly useful for the estimation 
of minimum values for layer coefficients. The 
second method of layer coefficient development is 
hased on layered elastic theory and improved labora­
tory characterization of materials to calculate 
layer thicknesses to preclude fatigue and rutting 
(4). These thicknesses are compared ~1ith those for 
dense graded asphalt concrete to establish layer 
equivalency factors and using these factors, layer 
coefficients are developed. 

In-Service Roads 

To evaluate the layer coefficients of OGAEM 

materials, three projects evaluated during the per­
formance survey were selected for further analysis: 
Merrill Lake Road and Lewis River Road in the Gif­
ford Pinchot Uational Forest, and Burns-Izee Road in 
the Ochoco Hational Forest. 

In each project test pits were excavated for 
collection of layer samp .Jes, measurements of in-place 
densities and moisture contents, and observations of 
the pavement condition. Measurements of densities 
and moisture contents were made using nuclear testing 
equipment. 

The material samples from all projects were 
analyzed to determine gradation and stabilometer 
resistance values (R values). CBR values were also 
measured for the subgrade samples obtained from the 
Gifford Pinchot National Forest. The resilient 
modulus values for the surface OGAEM materials were 
measured (using a diametral testing device) as part 
of the performance survey. The resilient modulus 
values for the other material layers were measured 
using conventional triaxial testing procedures (~). 

This materials information is used along with 
the Forest Service thickness design procedure (Chap­
ter 50) to estimate the layer coefficient of each 
surfacing layer. This procedure is useful for 
bracketing the design layer coefficient values. 
When a pavement in good condition is analyzed, the 
layer coefficient value determined will be less than 
the design value because the pavement system will 
support additional traffic before faiTure occurs. 
Any additional traffic will result in an increase in 
the weighted structural number of the pavement and 
a subsequent increase in the layer coefficient. In 
the case of a failed pavement, the determined value 
of the layer coefficient will exceed the appropriate 
design coefficient. The value determined in this 
case is the layer coefficient that would result if 
the pavement system had survived. The analysis has 
been conducted for the nine test pits excavated in 
the three selected roads. Using the measured thick­
nesses, the estimate of traffic, a regional factor 
of 2.0, and the soil support values, it was possible 
to determine an "a-value" for each surfacing layer. 

Table 4 lists the values used for the determina­
tion of the layer coefficients of the OGAEM surfac­
ing layers and the results. For Lewis River Road an 
a-value greater than 0.25 would be appropriate. An 
a-value between 0.33 and 0.60 is bracketed by 
t1erri 11 Lake Road. The Burns-Izee Road analysis 
resulted in a minimum a-value of 0.39. Each of the 
minimum values is larger than the most optimistic 
value that could be derived using the current method 
in Chapter 50 (3). 

The method used to back calculate the a-values 
of in-service roads is subject to errors from testing, 
correlations and traffic determinations. However, a 
conservative approach has been used so that the 
determined a-values are minimum values. The sample 
size of this investigation is not large enough for a 
precise determination of the range of a-values. 
-Thi-s- met-heEl---+s be·i ng-app·Hed-t-e-a<Jd·Hi+ona-1 - roads- i n,----­
order to refine the results. Projects approaching 
the point of failure are particularly useful for the 
method. Excavating more pits per project would re-
duce errors caused by materials variability and thus 
improve results. Accurate traffic estimates are 
important for this method. If the traffic history of 
a project is unknown, the project is not suitable 
for analysis. 

Layered System Elastic Theory 

The second approach used to develop layer coeffi­
cients is based on the concept of providing sufficient 



thickness to limit strain. Typically the strain 
limitations used are the horizontal tensile strain 
at the bottom of the surface layer (related to 
fatigue) and the vertical compressive strain at the 
top of the subgrade layer (related to rutting). The 
strains at these two points can be determined using 
layered system analysis techniques and laboratory 
test results of materials strength characteristics. 

Fatigue cracking and permanent deformation in 
the form of rutting are the failure modes which are 
typically considered for this design approach (Q.,9) . 
Criteria for these two modes of failure were deveT­
oped as a part of this project (8). Based on the 
field analysis, it was determined that the failure 
criteria presented in Figures l and 2 are reason­
able for OGAEM. These relationships were originally 
developed by Chevron, U.S.A. for dense graded emul­
sion mi xes but seem applicable for the open graded 
mi xes, too (8). 

Layer coefficients are determined using the 
concept of layer equivalencies. For equivalent con­
ditions the design thickness of hot mix and OGAEM 
materials are determined. The ratio of design thick­
ness is used along with the known layer coefficient 
for hot mi x asphalt concrete (Chapter 50), to deter­
mine the layer coefficient of the OGAEr1 material, i.e. 

dHot Mi X ( ) 
aOGAEM = dOGAEM a Hot f1i x 

where: a= layer coefficient 
d = design thickness. 

(l) 

The method of design thickness determination using 
fatigue criteria is illustrated in Figures 3 and 4. 
The critical horizontal tensile strains based on 
fatigue criteria models are determined for both 
materials (Figure 3). The design thicknesses which 
limit the strains to the appropriate critical values 
are then determined (Figure 4). Determination of 
design thickness using subgrade strain criteria is 
similar with the exception that an identical subgrade 
failure criteria model is used for both types of 
mixes. 

The layer equivalency determinations assume 
resilient modulus values of 2760 MPa (400,000 psi) 
for hot mix and 1380 r1Pa (200,00'l psi) for OGAEM. 
(4). For this study three different subgrades were 
analyzed. The assumed modulus values of the "good", 
"fair" and "poor" subgrades were 205 MPa (30,000 psi), 
70 MPa (10,000 psi), and 20 MPa (3,000 psi). The 
base modulus has been assigned modulus values equal 
to l .5 times the modulus of the subgrade. A 30.5 cm 
(12 in.) base layer is assumed for each case and an 
addittonal case of a 60 cm (24 in.) base layer is 
analyzed for the "poor" subgr'ade. 

For a given design life, design thicknesses for 
hot mix and OGAEM materials were determined for each 
subgrade condition using the fatigue criteria (Figure 
l) and the appropriate strain vs. thickness relation­
ships. The average value of the thickness ratios is 
1 .27, with the values ranging from 1.23 to 1.29. 

Thickness ratios have also been determined for 
both types of mixes using the subgrade failure 
criteria (Figure 2). The average value of the thick­
ness ratios is 1.22, and the values vary between 
1.21 and 1.25. 

The thickness ratios tend to vary slightly for 
the different subgrade and base strengths, with 
slightly lower ratios determined for the better sub­
grades. The variation is minimal and consideration 
of this factor will not be included in this portion 
of the development. The maximum ratio values are 
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the controlling values considered for the develop­
ment. The thickness ratios represent layer equiva­
lencies where the ratio value times a given thick­
ness of hot mix asphalt concrete determines an 
equivalent thickness of an OGAEM layer. The fatigue 
criteria ratio determinations result in the larger 
average ratio value of l .27. The layer coefficients 
for hot mix materials given in Table 5 are modified 
using this ratio, i.e. 

a Hot fli x 
aOGAEM l. 27 (2) 

to obtain the values shown for OGAEM, also listed in 
Table 5. 

A comparison of these values with the values 
bracketed by the in-service roads shows good agree­
ment. The layer coefficient bracketed by the Merrill 
Lake test pits is between 0.33 and 0.60. The layer 
coefficient determined using the layer equivalency 
concept is 0.31. The appropriate layer coefficient 
for Lewis River Road would be 0.25 and the in-service 
road analysis determined 0.25 to be a minimum layer 
coefficient. For Burns-Izee test pit number two, 
the minimum layer coefficient of 0.39 is considerably 
higher than the layer coefficient of 0.28 as developed 
using the equivalency concept. The Burns-Izee test 
pit number one minimum layer coefficient of 0.28 is 
a more reasonable value and corresponds well with 
the layer coefficient determined using the equiva­
lency concept. 

It is important to realize how the assumed 
modulus of the OGAEM surfacing layer affects the 
layer equivalency values for hot mix as determined 
us ing this procedure. The values presented in Table 
5 assume a modulus value of 1380 MPa (200,000 psi) 
for the OGAEM and 2760 MP a (400,000 psi) for hot 
mi x asphalt concrete. The OGAEM moduli correspond 
to the average moduli measured for the cores from 
the three roads used for the in-service road develop­
ment of layer coefficients. Table 6 demonstrates 
the variation of the average layer equivalency value 
as the OGAEM modulus is varied between 690 and 2760 
t1Pa (100,000 and 400,000 psi). The table shows that 
t he l ayer equivalencies decrease as the modulus in­
creases. Thus if a laboratory investigation indi­
cates that the modulus of the OGAEM is expected to 
be relatively high, then a larger design layer coef­
ficient closer to that of hot mix is appropriate. 

The approach used to develop the layer coeffi­
cients is conservative because conservative failure 
criteria have been used, and a conservative value 
has been assumed for the modulus of the OGAEM. 
Despite this, the layer equivalencies are somewhat 
less than those currently used by the U.S. Forest 
Service, Region 6, as shown in Table 7. When com­
paring these values with what other agencies in the 
Pacific Horthwest are using, one cannot directly 
compare hot mi x layer equivalencies. This is 
because the a-values used for hot mix are consider­
ably different, the Forest Service using a-values 
ranging from 0.30 - 0.42 and the other agencies using 
0.28. Cold mixes must therefore be compared directly 
by a-values or by using a base layer equivalency. If 
we compare a-values, we find the high side of the 
Forest Service values approximately the same as the 
other agencies, values of 0.24 - 0.30 vs. 0.25 - 0:28. 
The Forest Service discounts these values for marginal 
quality aggregate, soft asphalt, and poor quality 
control. The design a-value can be as low as 0. 18. 

Early Cure Considerations 

The criteria given are also useful for checking 
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the adequacy of a design thickness before a pavement 
is fully cured. An estimation of the traffic 
expected during the early cure period (normally 3 
months or less) is used to determine the allowable 
strain values from the failure criteria. The actual 
strain values during the early cure period are 
determ1ned us1ng layered theory for the design thick­
ness and an appropriate early cure modulus. This 
strain value is checked to assure that it is less 
than the allowable strain. In the situation where 
the strains are greater than the allowable strains, 
the designer can increase the design thickness or 
require limitations of traffic during the early cure 
period. For details on the procedure for calculat­
ing additional thickness refer to references 4 and 7. 

Conclusions and Recommendations 

Conclusions 

Thickness Design . OGAEM pavements have been 
used successfui1y in the Pacific liorthwest by severa I 
agencies. The U.S. Forest Service has experienced 
success with OGAEM pavements used for light, medium 
and heavy traffic volumes in various climatic regions. 
The current Forest Service design procedure is based 
on the AASHTO design procedure which uses structural 
layer coefficients as a measure of the capabilities 
of materials in a pavement system. The factors con­
sidered in the determination of a layer coefficient 
principally include traffic, asphalt type, aggregate 
plasticity index, aggregate quality, and to a limited 
extent II curing conditions, traffic contra l , compaction 
requirements, stockpile or aggregate uniformity 
requirements, etc." (3). 

This study has determined that the factors 
which affect design thick~ess include the amount and 
type of traffic, curing temperatures, base type, and 
drainage design. The other factors considered by 
the Forest Service such as asphalt type, aggregate 
quality, traffic control, compaction requirements, 
etc. apparently have relatively less effect on 
design thickness. These factors are important. 
However, they are more appropriately considered in 
the specifications for OGAEM materials and subjected 
to quality control. 

A proposed table for the layer coefficient 
determinations considering these factors is given in 
Table 8. The layer coefficients presented in the 
table are estimates based on the layer equivalency 
development (Table 6). Extrapolation to other temp­
erature conditions is not given at this time, but 
should be considered as a future study. If the 
majority of the traffic is seasonal, an appropriate 
temperature is the average temperature for the period 
of use. The surfacing structura l number (SN8) is 
t he design input used to represent the base strength 
(good, fair, poor). A SN8 of 1.0 would represent the 
situation where one has a good subgrade whil e an SN8 of 3.0 1·1ould represent a pnor s1 ihgr11dP . 

The layer coefficients presented in Table 8 are 
best estimates based on data presented in Tables 5 
6. Further in-service road testing is necessary to 
establish these coefficients for modular values out­
side the range of 1380 to 2070 MPa (200,00C to 
300,000 psi). The in-service road investigations 
can also be used to define the failure criteria 
models. If the failure criteria are adequately 
defined, the missing values in the table can be 
filled in, and an early cure layer coefficient table 
similar to Table 8 could then be developed. This 
table would permit the determination of the thick­
ness requirements of uncured mixes for the traffic 
expected during the early life of the pavement. The 
development of this table has been described in the 

preceding section. 
A minimum thickness of OGAEM material is appar­

ently required because of construction variability. 
The minimum recommended thickness over a good base, 
based on the performance survey, is 6.35 cm (2.5 in.) 
It should be emphasized that this applies to situa­
tions where there is a good quality base (R = 78, 
CBR = 80+). If the base material is of lower quality 
a greater minimum thickness would be necessary. 

Specifications. The majority of the factors 
which affect the performance of OGAEM materials must 
be controlled with adequate specifications and 
quality control. The current Forest Service and 
other agency specifications all cover the factors 
affecting OGAEM performance as determined by the 
survey. Only minor variations in the specifications 
for the various agencies are noted. The performance 
survey did document non-compliance with specifica­
tions for items such as aggregate gradation, emulsion 
content, and layer thickness. It is therefore 
apparent that good quality control is not always 
practiced for the OGAEM material. Improvements in 
this area would result in more uniform projects 
which should improve performance. 

Recommendations 

Recommendations are listed throug~out this 
report. In summary, these recommendations include 
the fo 11 owing: 

l. r1odify the existing layer coefficients 
used for OGAEM materials by the U.S. Forest Service 
to larger values. The in-service road analysis and 
the theoretical layer equivalency development, both 
demonstrate that the current values used are low. 

2. Replace existing procedures for layer 
coefficients with a table similar to Table 8 in 
which only those factors which most affect thick­
ness design are considered in the layer coefficient 
determination. Factors which affect the performance 
of OGAEM materials that can be controlled with 
specifications should be subject to quality control 
rather than thickness design considerations. 

3. Improve quality control of OGAEM projects 
to assure more uniform results on the projects. 
Education of the project inspectors is appropriate 
to explain the different nature of asphalt emulsions 
as compared to other asphalts. 

4. Continue in-service road analysis to develop 
layer coefficient values and refine the failure 
criteria models. Only those projects for which 
accurate traffic histories can be obtained should be 
analyzed. Roads for which the terminal serviceabil­
ity index is approaching 2.0 (failure) are the most 
useful roads because the coefficients determined 
will be close to the design layer coefficients. 

5. Analyze projects after construction to 
determine the materials variability experienced and 
the deviation from the expected results. This 
information is useful to the designer for comparison 
of the lab test results with the results obtained in 
the field, and to the construction supervisor for 
determining if changes in quality control procedures 
or specifications are appropriate. The establish­
ment of materials variability will involve sampling 
several sections within a project. This procedure 
is also useful for definition of the stiffness 
development relationship for field conditions if the 
sampling is also done at time intervals. 

6. Improve construction records to better 
document the history of each project. A documenta­
tion process accessible to the designers would allow 



analysis of new processes and materials. 
7. Improve traffic information collection to 

benefit the road system managers and the designers. 
Knowing the traffic history allows the road manager 
to predict the remaining service of a project and 
allows the designer to improve the design process. 

8. Periodically inventory the pavement system 
for roadway management and for pavement design. The 
inventory would allow the history of project perform­
ances to be recorded, thus providing the information 
required to evaluate construction procedures or 
materials. A standardized inventory process should 
be developed to measure such things as ride quality, 
surface deflections, and distress. This information 
would not only be useful to the designer but also 
be useful in the development of maintenance manage­
ment systems for the Forest Service. 
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Table 1. Typical gradation specifications for open 
9raded mixes. 

Percent Passing 

Sieve Douglas Size USFS FH~/A USFS 
(Open) County (Open) (Dense) (Open) 

25 mm 100 100 100 100 
12 mm 45 - 70 60 - 85 
9 mm 55 - 75 

4.7 mm 0 - 20 25 - 45 35 - 60 
2.0 mm 0 - 6 0 - 7 0 - 7 20 - 40 
0.42 mm 8 - 22 
0.074 mm 0 - 2 0 - 2 2 - 8 

Note: l inch 254 mm 

Table 2. Summary of Riding Quality and Overall 
Rating of Projects Surveyed 

Project Ride Overall 
Quality Evaluation 

Lewis River #1 7.6 9.0 
Lewis River #2 6.8 8.6 

Canyon Creek #1 6.6 6.3 
Canyon Creek #2 4.6 3.8 

Merrill Lake #1 7.5 7 .9 
Merrill Lake #2 4.2 3.9 

Ringo Butte 9.0 8.7 

Hermiston 7.9 9.2 

Charlois 7.9 9. l 

Tipton 8.5 8.3 

Burns Izee #1 8.9 8.0 
Burns Izee #2 8.9 9.0 

Silvies Van 9.2 8.5 

Logan Valley 8.2 8.1 

Smith River 8.0 8.5 

Cow Creek 9. l 9.0 

Indian Caves 6.4 8.2 

Umpqua Community College 8.2 8.9 

AVERAGE 7.6 7.9 
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Table 3. Improvement areas for the ranked factors which affect performance of OGAEM materials . 

Method of Treatment 
Rank Factor Quality Mix Pavement Specifi-

Control Design Design cations 

l Emulsion Grade and Type X X X 
2 Aggregate Gradation X X 
3 Emulsion Content X X X 
4 Ora i nage Design X X 
5 Emulsion Content Compliance X 
6 Aggregate Gradation Compliance X 
7 Curing Temperatures X X 
8 Aggregate Water Content at Mixing X X 
9 Rainfall During Curing X X 

10 Compaction X X 
11 Base Type X X 
12 Aggregate Quality X X 
13 Thickness Compliance X X 
14 Aggregate Uniformity X X 
15 Amount of Traffic X 
16 Seal Coat Application X X 
17 Humidity During Curing 
18 Oversized Vehicle Loads X 
19 Stockpiling Methods X X 
20 Traffic Control X X 
21 Mixer Performance X X 
22 Lift Thickness X X 
23 Laydown Machine X X 

Table 4. Determination of layer coefficients of OGAEM surfacing layers from in-service roads. 

Lewis River Burns Izee Merrill Lake 

2 2 2 3 4 5 

TRAFFIC HISTORY 

Applied 80 KN EAL 2,910,000 2,700,000 215,000 215,000 24,000 24,000 24,000 24,000 24,000 

SURFACING (OGAEM) 
Thickness (cm) 20a 
Res. Modulus (MPa) 496 

BASEc 

Thickness (cm) 
R Value d Layer Coef. , a2 Soil Supportd 
Weighted Struc-

tural No.e 

SUBGRADE 

23b 
1800 

43 
60 

0.04 
6.5 
3. l 

17 
1620 

13 
68 

0.055 
6.9 
l. 9 

11 
2379 

20 
75 

0.085 
7.8 
l. 7 

4 
1393 

27 
76 

0.09 
8.0 
l.O 

5 
1393 

42 
65 

0.05 
6.8 
l. 2 

10 
1393 

48 
77 

0. 10 
8.2 
0.9 

10 
1393 

35 
55 

0.03 
6'.3 
l.3 

13 
1393 

46 
55 

0.03 
6.3 
1.3 

R- v-cf1 ue --;5 6D 9--r2 60 46 51 68 
Soil Supportd 8.0 6.5 7.2 5.4 7.4 6.5 6. l 6.2 6.9 
Weighted Struc- 2.6 3. l l.8 2.4 l . l l .3 1.4 1.4 1.2 

tural No. 

Req. Structural 2.0 l .6 l. 9 l. 7 1.0 1.2 0.9 1.3 l.3 
No. of Surface 

Min. Layer Coef . 0.25 0.18 0.28 0.39 0.67 0.60 0.23 0.33 0.26 
of Surfacing 

Performance Good Good Good Excellent Failed Failed Excellent Cracking Excellent 

~ Supported by 10 cm Pulvermix layer, MR= 1169 MPa, a2 = 15 
Supported by 8 cm Pulvermix layer, MR= 6860 Mpa, a2 = 0.50 

c Base and Subbase Combined 

d Determined using R-Value Test Result 
e Assumed regional factor of 2.0 
Note: l in= 2.54 cm, l psi = 8.895 kPa 

l K = 4.448 KN 



Table 5. Layer equivalency development of OGAEM 
layer coefficients. 

Total 80 KN 
Equivalent Axles 

Hot Mix Layer OGAEM Layer 
Coefficienta Coefficientb 

Less than 10,000 
10,000 - 60,000 
60,000 - 120,000 

120,000 - 350,000 
350,000 - 1,000,000 

1,000,000 - 3,000,000 
More than 3,000,000 

Note: 1 K = 4.448 KN 

a After reference 3 

0.42 
0.40 
0 .38 
0.36 
0.34 
0.32 
0.30 

b Hot mix layer coefficient divided by 1 .27 

0.33 
0.31 
0.30 
0.28 
0.27 
0.25 
0.24 

Table 6. Layer equivalencya variations with vari­
ation in the assumed modulus of the OGAEM layer (4) . 

(a) Averaqe layer equivalency determined using the 
fatigue criteria model. 

Subgrade OGAEM Modulus, MPa 

Type 690 1380 2020 2760 

Good 1. 33 1. 23 1. 11 1.00 
Fair l.60 l. 28 1.09 1.00 
Poor 1.68 1. 27 1. 08 l.00 

Poor, with 1. 77 1. 28 l. 12 1. 00 
thick base 

(b) Average layer equivalency determined using the 
rutting criteria model. 

Subgrade OGAEM Modulus, MPa 

Type 690 1380 2020 

Good 1. 44 l. 21 1.09 
Fair 1. 48 l. 22 1.08 
Poor 1. 56 1. 25 1.10 

Poor, with 1. 50 1.23 1. 09 
thick base 

Note: l psi = 6.895 x ,o-3 MPa 

a Layer Equivalency = 

Desiqn Thickness of OGAEM 

2760 

1.00 
1.00 
1. 00 
1.00 

Design Thickness of Hot Mix Asphalt Concrete 
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Table 7. Comparison of layer coefficients between 
cold mix and hot mix (4) 

(a) U.S. Forest Service 

80 KN Axles Cold Mix 

< 10,000 .24 - .30 
10-60,000 .22 - .28 

60-120,000 .20 - .26 
120-350,000 .18 - .24 

(b) Other agencies 

Agency 

Oregon DOT 
( 34) 

Washington 
Highway 

Department 
(38) 
FHl-/A 

Office of 
Federal 

Projects 
(36) 

Cold Mix 

0.25 

0.25 

0.28 

Hot Mix 

.42 

.40 

.38 

.36 

Hot Mix 

0.28 

0.28 

0.28 

Hot Mix Base Layer 
Equi- Equi -

valency valency 

1.40-1.75 1.72-2.16 
1.43-1.82 1.57-2.00 
1.46-1.90 1.43-1.86 
1.50-2.00 1.29-1.72 

Hot Mix 
Equi­

valency 

l.0-l.l 

1.1 

1.0 

Base Layer 
Equi­

valency 

1.8 

1.8 

2.0 

Table 8. Proposed layer coefficient table for open 
graded emulsion mixes, at average annual temperatures 
of 5 - 13o C. 

Surfacing Structural 
Number (SNs) 

Ultimate 
Traffic Resilient 

80 KN EAL Modulus 
MPa@ 23DC 

690 
1380 
2070 

690 
1380 
2070 

690 
1380 
2070 

l (good 2 (fair 3 (poor 
subgrade) subgrade) subgrade) 

Layer Coefficients 

0.29 
0.34 
0.38 

0.26 
0.31 
0.34 

0.22 
0.26 
0.29 

0.26 
0 .33 
0.38 

0 .24 
0.30 
0.35 

0.20 
0.25 
0.29 

0 .25 
0.33 
0.38 

0.23 
0.30 
0.35 

0 .19 
0.25 
0.29 

Note: 1°F l .soc + 32 
l Ki p = 4 . 448 KN 
l psi= 6.895 x 10-3 MPa 



72 

Figure l. Fati~ue criteria for emulsion mixes (j ) 
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Figure 2. Subgrade strain criteria (4) 
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Figu r e 3. Determination of crit i cal strain level 
based on design life 
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Fi gure 4. Determination of design thickness based 
on critical strain level 
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