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Structural Comparison of Two Cold Recycled 

Pavement Layers 

ADRIAAN J. van WIJK 

ABSTRACT 

The structural strengths of two cold re­
cycled pavements are compared. One recycled 
pavement section was built with foamed as­
phalt as a binder and the other with emul­
sion as a binder. Cores and deflection mea­
surements were taken at different times 
after construction. The comparisons were 
based on results of tests on the cores, 
Dynaflect deflections, and strength indica­
tors as well as developed AASH'l'O l~yer co­
efficients. The comparisons showed that the 
stiffness and strength of both recycled 
sections increased during the first 400 
days after construction. The strenqth of 
the foamed-asphalt section increased more 
rapidly than that of the emulsion section 
during the first 250 days. The strengths 
and stiffnesses of the foamed-asphalt re­
cycled section were slightly higher than 
those of the emulsion recycled section dur­
ing most of the evaluation period, but the 
differences were small. Ranges of layer 
coefficients were developed that can be 
used in design of similar layers. These 
ranges indicate that the two recycled lay­
ers should perform about the same. The ini­
tial cost will therefore be the controlling 
factor in an economic analysis of these two 
types of recycled pavements. 

Recycling of pavements has received widespread at­
tention during the last 7 or B years, mainly because 
of energy and financial restraints. Recycling has 
the potential of reducing highway construction and 
rehabilitation costs. Actual cost savings can be 
evaluated only if the performance of the recycled 
section is known, because a proper economic evalua­
tion can be conducted only when the initial as well 
as the life-cycle costs are known. An estimate of 
the performance of a pavement is essential in the 
effective comparison of alternatives and in pavement 
management. The major disadvantage of recycling, es­
pecially cold-asphalt recycJ.ing, is that relatively 
Little is known about the performance of these lay­
ers. Practitioners (1,2) and researchers (3,4) rec­
ognize this problem .- -High-p.riority research needs 
in asphalt rncycling involve the determination of 
material coefficients or the establishment of some 
limiting allowable strain or stress criteria. There 
are currently no such material coefficients or cri­
teria available Ill. 

The determination of the performance of a re­
cycled pavement is by no means an easy task. The 
performance is complex and influenced by a large 
number of factors. The performance of many of the 
conventional pavements is still not well understood. 
Performance of recycled pavements can be better un­
derstood and, it is hoped, predicted by further re­
search and the monitoring of existing recycled pave­
ments. 

The stcuctural strength of a pavement is an im­
port.ant indicator of its performance. The strength 
of a l'avement material can be expressed i n terms of 
resilient modulus (st iffness ), Marshall stability, 
ffveem R-value, or deflection characteristics. These 
indicators have not been related directly to the 
performance of a layer, although some general rela­
tions have been developed (5). These indicators can 
be used successfuJ.ly to compare the strength of the 
pavement layers but not to predict pavement life. 
The structural or layer coefficient used in the 
AASRTO design method foic flexible pavements is cu.r­
rent.ly the best single indicator of the performance 
of a pavement layer, although it is not perfect. 

The AASRTO design method for flexible pavements 
is used by the majority of states in the United 
States (~) • An equation rela.tes the number of equiv­
alent axle load applications to the structural num­
ber (SN) of the pavement. SN is an indication of 
the strength of the pavement. It is basically the 
sum of the strengths of the individual pavement lay­
ers. The higher the SN, the larger the number of 
loads that the pavement can accommodate before fail­
ure for given soil support and environmental condi­
tions. The number of axle loads to failure can 
further be related to the number of years before 
functional failure will occur. The strength of the 
individual pavement layers is expressed in the 
AASRTO design method as the structural coefficient 
(a). Structural coefficients are dependent on a va­
riety of factors, e.g., layer thickness, position in 
the pavement, thickness, and strength of surrounding 
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Coefficients range from about O. 05 for sandy-clay 
subbases to about 0.44 for hot-asphalt surface mix­
tures. The higher the coefficient, the greater the 
strength of the layer and the better it will perform. 

RECYCLED PAVEMENT SECTIONS 

The two cold recycled pavements compared in this pa­
per were built during August and September 1981. The 
sections are contiguous and subjected to the same 
traffic and environmental conditions. Similar con­
struction methods were used. The only difference was 
the binders used in the recycling: foamed asphalt 
and asphalt emulsion. A good comparison can there­
fore be drawn between the foamed-asphalt and emul­
sion cold recycled pavement sections. 

After 5 in. (125 mm) of initial asphalt pavement 
had been removed, it was mixed with the binder and 
additional aggregate and relaid during recycling 
(7,B). A layer 1 in. (25 mm) thick of the initial 
pavement layer was left to protect the subbase dur­
ing construction. The 5. 5-in. (140-mm) recycled lay­
er was overlaid with a 1.25-in. (40-mrn) hot asphalt 
surface. Foamed asphalt was used on 4.2 miles (6.7 
km) and emulsion on the remaining 4. 7 miles ( 7. 5 
km). Various types of tests were conducted at ap­
prox.imately 10 days (September 1981) , 250 days (May 
1982), 375 days (September 1982), and 610 days (May 
1983 ) 1:1fte r construction on the foamed-asphalt sec­
tion. Similaic tests were conducted at approximately 
40 days (September 1981), 275 days (May 1982), 400 
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days (September 1982), and 640 days (May 1983) after 
construction on the emulsion section. The tests con­
sisted of deflection measurements and the laboratory 
testing of core samples. The recycled pavement sys­
tem further consisted of a granular subbase of ap­
proximately 4.5 in. (115 mm) on top of a sandy-silt 
subgrade. 

STRUCTURAL COMPARISON 

The main purpose of the structural comparison was to 
evaluate the performance of the two layers. A knowl­
edge of the performance of the two recycled layers 
will assist pavement designers in future designs and 
the economic evaluation of such pavements. The layer 
coefficients are the most valuable in this regard. 

Laboratory Strength Tests 

Cores 4 in. (100 mm) in diameter and randomly se­
lected were taken 10 and 375 days after construc­
tion on the foamed-asphalt recycled section and 400 
days after construction on the emulsion recycled 
section. A large number of cores were broken to such 
an extent that they could not be tested. Only per­
fect samples were used. Strength characteristics 
were evaluated by means of resilient moduli, Mar­
shall stabilities, and Hveem R-values. All tests 
were conducted at about 73°F (21°C) as specified by 
the Asphalt Institute for cold mixtures. The results 
are summarized in Table 1. Because only the unbroken 
cores could be used to determine the properties dis­
cussed, the average values obtained from these cores 
will probably be higher than the actual values. This 
will not influence comparisons between the recycled 
layers, however. Only a small number of spec imens 
could be obtained to determine the Marshall stabil­
ity, and the results should therefore be used with 
caution. 

The asphalt mixtui:e design methods proposed by 
the Asphalt Institute (9) usually specify a minimum 
Marshall stability and- Hveem R-value among other 
parameters such as flow, coating, and so on, for 
cold asphalt mixtures. These specifications do not 
indicate what the service life of the pavement lay­
ers will be. This has to be accomplished by pave­
ment design methods. The specifications only ensure 
that the layers will be stable under various traffic 
and environmental conditions. The foamed-asphalt and 
emulsion recycled mixtures both exceeded the re­
quired strengths. 

The Marshall stability has been correlated with 
the structural coefficients for base courses (5), 
but because this was done for mixtures at 140°F 
(60°C), the relationships cannot be used here. What 
can be used is the increase in the structural coef­
ficient as the Marshall stability increases. The 
foamed-asphalt mixture therefore a12pears to have a 
slightly higher strength based on performance if 
only the average values are considered. The differ­
ences in av-erage values are, however, not signi£i-

TABLE 1 Results of Laboratory Strength Tests 

Time after Resilient Modulus 
Construe-
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cant at a = O. 05 (t-test). The structural coeffi­
cients can therefore be assumed to be the same after 
400 days, based on the Marshall stability. 

The resilient moduli also have to be correlated 
with the structural coefficients and are used in 
mechanistic design procedures. By using the correla­
tion of Van Til et al. (5) developed for asphalt­
treated bases, the structural coefficient of the 
foamed-asphalt recycled layer increased from a value 
10 days after construction of 0.10 to a value 375 
days after construction of o. 26. A correlation by 
Tia (~ shows an increase from 0.25 to 0.38 foe the 
foamed asphalt. The resilient moduli of the foamed­
asphalt and emulsion sections are the same 400 days 
after construction at a = 0.05 and the structural 
coefficients, based on these relations, will there­
fore be the same for the two layers. 

The estimates from the laboratory test results 
indicated that the structural coefficients of the 
foamed-asphalt section increased after construction. 
Not enough information is available to discuss the 
rate of increase. The coefficients of the emulsion 
and foamed-asphalt sections are essentially the same 
approximately 400 days after construction. 

Deflection Measurements 

· A Dynaflect was used to measure deflections of the 
pavement after construction at the indicated times 
in both lanes. The Dynaflect is widely used to mea­
sure pavement deflections (11,12). Properties of the 
deflection basin (Figure ll used in the evaluation 
of the recycled layers were as follows: 

1. Dynaflect maximum deflection (DMD) is the de­
flection at the center between the two steel 
wheels. This deflection can be converted to the 
Benkelman beam deflection by multiplying it by 20.63 
(13). Other correlations are also available (11,14, 
15). They all give basically the same answers. ~ ~ 

2. Surface curvature index (SCI) is an indica­
tion of the stiffness of the surface course. SCI is 
defined as the difference between the deflections of 
the first and the second sensors. 

3. The spreadability (SPD) is defined as the sum 
of the deflections of the five sensors divided by 
five times the maximum deflection and expressed as a 
percentage. The SPD is indicative of the distribu­
tion of loads by the pavement to the underlying 
layers. 

High values of SPD but low values of DMD and SCI in­
dicate stiff (or strong) upper layers. All three of 
these indicators are strongly influenced by factors 
other than the properties of the surface and base­
course layers, e.g., subgrade strength and thickness 
of layers, and have not been correlated directly 
with material strength parameters, e.g., resilient 
moduli or structural coefficients. Another problem 
with the use of deflections to compare pavements at 
different times is that deflections are influenced 
by the asphalt temperature and the subgrade moisture 

Marshall Stability Hveem R-Value 

Specimen tion (days) N Avg (psi) SD (psi) N Avg (lb) SD(lb) N Avg SD 

Foamed asphalt 10 43 97,400 26,100 12 1,960 1,050 25 78.3 9.2 
Foamed asphalt 375 12 333,000 84,000 3 2,900 100 10 82.0 9.0 
Emulsion 400 14 247 ,000 82 ,000 5 3,300 790 II 84 .5 5.6 

No te: SD= standard deviation; N =number of samples; 1 lb = 4.448 N; 1 psi= 6.89 kPa. 
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FIGURE 1 Dynaflect deflection basin. 

content. Researchers in Ke ntucky (16) d eve loped a 
method to adjust pavement def l ectio-;;s ba sed on the 
asphalt pavement temperature. Because reliable pave­
ment temperatures were not available, general corre­
lations deve l oped by Metwali (12) for Indiana were 
used. With these relations the DMD and SCI could be 
adjusted to a reference date (and thus a reference 
temperature and subgrade moisture content) based on 
the month of the year. The month after construction, 
September, was used as a reference. Metwali con­
cluded that the DMD and SCI were influenced by sea­
sons, but that the spreadability was not. Figures 2 
to 4 show these changes in DMD, SCI, and SPD, 
respectively. All three indicators show that the 
stiffness of both sections increased during the 
first 400 days after construction because of densi­
f ication under traffic and curing of the mixtures. 
The foamed-asphalt section was stiffer than the 
emulsion section. The rate of increase in stiffness, 
as indicated by DMD and SCI, was slightly higher for 
the foamed-asphalt section during the first 400 
days. After that the rates of change in stiffness 
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were almost equal. The stiffness (DMD, SCI) and 
1011<'1 tran5fe r capacity (SPD) of both secliom; clt.!­
creased after about 400 days. 

Both sections are in what Vaswani called the 
elastic phase of the pavement life (17). In this 
phase the consolidation or densification is almost 
negligible and the pavement layers behave more or 
less elastically. The deflections and stiffness in­
d i c a tor s remain a l most constant . The leng th of this 
phase depe nds on the t ype of mater ial us ed, the 
t r a ffic , and thP. e nvironmental condit i ona . In Vir­
g i nia this phase las ts about 5 years (.!l). The e las ­
t ic pha s e is prec eded by t he consolidat ion phase in 
which t he pa vemen t l aye r s , i n t h i s c ase t he r e cycled 
l ayers , cons olidate o r d e nsify . Th is phase las ted 
about 400 days (13 months) for both recycled pave­
ments. Bandyopadhyay (4), in a study on recycled 
pavement s i n Ka nsas , fo;nd t hat t he pe rformance (and 
s t iffness ) 9 f most r ecycled pavements impr oved dur­
i ng t he fi r s t 7 or 8 mon ths , afte r which t hey dete­
rio rated. The elast i c phase is f o llowed by fail~1 re 
due t o fatig ue , i n which cracks appeac i n the whee l. 
pa th. The f oamed-as phal t a nd emuls ion s ec tions are 
not yet in this phase. 

Struc t ural Layer Coeffic ients 

various methods can be and have been used to deter -
mine structural coeff icients of pavement materials, 
but the most widely us ed are those based on the 
strains or deformations in the pavement and on the 
fatigue life of the material. The elastic-layer 
theory or finite-element method can be used to simu­
late the stresses, strains, and deformations in the 
pavement. The structural coefficients can be deter­
mi ned by comparing the s t rains , deformations , and 
fat i gue life of the recyc l.ed pavement with t hose of 
a similar pavement with a standard AASHTO hot mixed 
asphalt layer i n p l ace of the recy c led l ayer . The 
tensile st r a in a t the bottom o f the asphalt layer, 
the subg rade deformation, the ma xi mum deformat ion at 
the surface, and the maximum compressive strain on 
top of the suhgr~ni:i ha,,e bee!! c0!:'related ":;·i th tha 
number of load applica tio ns to fail ure (Nf). The 
tensile strain is an i nd icator of f a tigue of the 
pavement. The deformations and c ompr essive strain 
ace indicators of the permanent de formation or rut­
ting of the pavement. High permanent deformations 
lead to functional and eventually structural failure 
of the pavement. Functional failure can be defined 
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FIGURE 2 Comparison of DMDs. 
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FIGURE 4 Comparison of SPDs. 

as the condition at which the pavement will not be 
able to carry out its intended function without 
causing discomfort to passengers and high stresses 
on the vehicle, e.g., ruts. Different materials will 
have different load repetitions to failure. Pave­
ments with the same number of load applications to 
failure will have the same service life and SN for 
similar climatic conditions, subgrade soil, and 
present serviceability indices according to the 
AASHTO design method. By replacing only the recycled 
layer with a standard AASHTO hot mixed asphalt layer 
the coefficients and thicknesses of the other layers 
will remain the same. Therefore 

SN'= SN (1) 

where SN is the structural number of the pavement 
with the AASHTO layer and SN' is the structural num­
ber of the pavement with the recycled layer. 

a'= a*h/h' (2) 

where 

a' structural coefficient of the recycled 
layer used as a base, 

a* structural coefficient of the AASHTO 
asphalt layer • 0.44, 

h' • thickness of the recycled layer, and 
h ~ thickness of the AASHTO asphalt layer 

to give the same strain, deformation, or 
fatigue life. 

The structural coefficient of a layer is influ­
enced by the properties of the surrounding layers, 
the age of the pavement, the magnitude and frequency 
of l oad, the elastic parameters, and the thickness 
of the layer. The most important single factor is 
the elastic modulus of the layer in question. The 
best prediction of the true structural coefficients 
would be obtained if the in situ material properties 
and thicknesses of the pavement layers as well as 
the fatigue characteristics of all the layers were 
known. The strain or deformation criterion used in 
comparing the recycled layer with the standard 
AASHTO hot mixed asphalt layer should be the one 
that predicts the shortest service life and thus 
controls the performance. A large amount of testing 
is unfortunately necessary to obtain the necessary 
information. 

A detailed description of the determination of 
the structural coefficients of the foamed-asphalt 
section is given elsewhere (18). The same method was 
used to determine the coefficients of the emulsion 
section. The first step was to determine the in situ 
elastic moduli of all the layers in the pavement at 
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the different times the deflection measurements were 
taken. The layer thicknesses were measured before 
and during construction. values of Poisson's ratio 
were assumed for the layers and they were assumed to 
remain constant. Constant elastic moduli were used 
for the asphalt layers. The granular subbase mate­
rial and subgrade are stress-sensitive, and rela­
tionships obtained from the literature were used to 
relate stress in the pavement to the modulus of the 
layer. The relationships were of the following forms: 

Granular material: 

Subgrade material (clayey) : 

where 

resilient modulus, 
= bulk stress, 

(1) 

(4) 

z deviator stress, and 
laboratory-developed coefficients. 

Different coefficients were used for the different 
times of the year that the deflection measurements 
were taken. 

A computer program based on the elastic-layer 
theory was used in this analysis to calculate the 
stresses, strains, and deformations in the pavement. 
This program, called BISTRO, uses constant elastic 
modulus values, and the moduli of the subbase and 
subgrade were adjusted manually after each run to 
incorporate their stress-sensitive behavior. A stiff 
subgrade layer was also introduced in the hypothet­
ical pavement to simulate the pavement system more 
accurate ly . These methods have also been used by 
other r esea rchers (19). An ite r a tion process was 
used to determine the layer properties. In this 
iteration process the responses of the Dynaflect de­
flection basin were predicted by the program and 
compared with those from the actual deflection 
basin. With the layP-r thir.knPA~P$ ~ ~ weil :s ~od~­
lus-strain relationships for the subbase and sub­
g rade layers known, the moduli of the asphalt re­
cycled and the surface layers could be determined 
through the iteration. A double wheel load of 9,000 
lb ( 40 kN) at a pressure of 80 psi ( 550 kPa) was 
used in the program to induce the strains and de­
flections in the pavement system. The wheel spacing 
was 13 in. ( 330 mm). This is the same load as that 
used in the Benkelman beam test. These deflections, 
calculated by the program, were adjusted to Dyna­
flect deflections with the correlation factor men­
tioned earlier, because the Dynaflect applies a dif­
ferent load to the pavement system. The iteration 
process was terminated when the predicted deflection 
basin closely approximated the actual basin. 

The tensile strains at the bottom of the asphalt 
layers, the compressive subgrade strain, and the 
maximum and subgrade deflections (Figure 5) were 
calculated with the properties of the recycled pave­
ment known. These maximum strains were calculated 
under one of the wheels. The maximum strain does 
not always occur under one of the wheels, but the 
accuracy is sufficient for this study. 

The next step was to replace the recycled layer 
with a standard AASHTO hot mixed asphalt layer and 
to calculate the required strains and deformations 
for different layer thicknesses. The moduli of the 
AASHTO layer were adjusted according to the average 
temperature observed each time the deflection read­
ings were taken. 
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The maximum surface deflection (1.Q.), the subgrade 
deflection (21), and the maximum compressive strain 
(1.Q_,~) have been correlated with the number of load 
repetitions to failure. The maximum tensile strain 
at the bottom of the asphalt layers has also been 
used t o compare the recyc led with the AASHTO layer . 
The same tensil e strains will give the same perfor ­
mance o nl y if the materials have the s ame fatig ue 
c harac teristics . This will be t he case for the re ­
maining initial pa vemen t layer, because it appears 
in both the recycled pavemen t and the pavement with 
t :-,;; AASnTv layer. A certain tens11e strain in the 
r ecycled layer will no t indicat e t he same pe rfor ­
ma nce in t he AASRTO layer, becau se their fat igue 
cha r ac teristic s diffe r . The fatigue relat ions hip s 
a re usually i n the f o r m of 

where 

= number of loads to failure, 
maximum tensile strain, and 
coefficients. 

(5 ) 

Fatigue relationships were not developed for the 
recycled materials used in the construction of the 
road, nor are general relationships available for 
recycled materials. Relationships obtained from the 
literature for asphalt-stabilized base courses by 
Barksdale (23) and for asphalt base courses by Finn 
(24) were used for both the foamed-asphalt and emul­
sion recycled layers. Further relationships devel­
oped by Chevron (25) for emulsion mixes were used 
for the emulsion recycled layer I and relationships 
developed by Little and Epps (26) for foamed-asphalt 
mixtures were used for the f;;med-asphal t recycled 
layer. The AASHTO layer was represented by two re­
lationships, one each by Finn and by Witczak (11.) . 
Fatigue-life combinations that predicted coeff i ­
cients of more than 0.50 or less than 0.05 were not 
considered to be applicable to the recycled layers 
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and were deleted in the final analysis. Any of the 
strains, deformations, or fatigue characteristics 
can be used as a criterion to determine the coeffi­
cients, but the criterion that predicts the shortest 
service life will control the performance. The coef­
ficients are sensitive to the criterion used, and 
unless the exact relationship of the criterion to 
the fatigue life for all the layers is known, a sin­
gle coefficient cannot be determined. The relation­
ships used were developed for materials not neces­
sarily the same as those in th is study. Various 
relationships were therefore used to develop a range 
of coefficients rather than a singl.e coefficient for 
each recycled layer in this study, The following 
criteria were used in the development of these 
ranges: 

1. The subgrade compressive strain, because it 
has been used widely in similar analyses; 

2, The subgrade deformation, because it predicts 
the shortest service life; 

3. The tensile strain at the bottom of the re­
maining initial pavement layer, which represents the 
maximum tensile strain in the asphalt layers and is 
independent of the fatigue life, because the same 
layer is used in the recycled pavement and the pave­
ment with the AASHTO layer; 

4. Three fatigue-life combinations (X2, Yl, and 
Y3), which gave coefficients between 0.05 and 0.50; 
the combinations used were as follows: 

a. The Finn relationship for the AASHTO layer 
with the Finn relationship for asphalt base 
courses (X2) , 
b. The Witczak relationship for the AASHTO layer 
with the Barksdale relationship for the recycled 
layers (Yl), and 
c. The Witczak relationship for the AASHTO layer 
with the Little relationship for the foamed-as­
phalt recycled layer and the Chevron relationship 
for the emulsion layer (Y3). 

The maximum deflection was found to be only a fair 
indicator of the structural strength or performance 
of the pavement (28). 

Figures 6 and 7 show the comparison of the layer 
coefficients of the foamed-asphalt and emulsion re­
cycled layers based on the maximum compressive 
strain in the subgrade and the maximum strain in the 
asphalt layers, respectively. Both Figures 6 and 7 

show the same trends. The layer coefficients of the 
foamed-asphalt section increased rapidly during the 
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first 250 days after construction. After 250 days 
they decreased slightly, The coefficients of the 
emulsion section increased the most between 250 and 
400 days after construction, after which they also 
decreased slightly. Figure 8 gives the midpoints and 
the ranges of the coefficients determined by the six 
criteria listed (asphalt tensile strain, subgrade 
compressive strain and deformation, and three fa­
tigue-life combinations). The coefficients of the 
two sections are basically the same from about 400 
days after construction. The emulsion section took 
longer to reach its maximum strength and the 
strength increased more than the strength of the 
foamed-asphalt recycled layer. coefficients for 
design purposes can be obtained from Figure 8. It 
is difficult to predict what the average layer 
coefficient over the life of the pavement will be 
with the limited information. The coefficient should 
be within the ranges of the coefficients determined 
for the sections after consolidation took place, 
that is, 4"00 days after construction. The coeffi­
cients to be used within the range depend on the 
pavement designer. Average values can be obtained by 
combining the ranges obtained at approximately 400 
and 600 days after construction to get a new range 
and then taking the midpoint of this range. Such a 
procedure gave a layer coefficient of O. 31 for the 
foamed-as-phalt recycled layer and 0.29 for the 
emulsion recycled layer. It should be noted that 
these coefficients were developed for specific recy­
cled layers. Caution should be exercised when they 
are used for other recycled layers. 

CONCLUSIONS 

All the strength indicators s howed a rapid increase 
in strength during approximately the first 400 days 
after construction for both the foamed-asphalt and 
emulsion recycled sections. The rate of lncrease 
varied. The foamed-asphalt section gained most of 
its strength during the first 250 days, whereas the 
emulsion layer increased in strength gradually dur­
ing the first 400 days. The strength as indicated by 
the deflection parameters showed that the foamed-as­
phalt layer had slightly higher strengths throughout 
the analysis period than the emulsion layer, but the 
differences were small. Full consolidation or densi­
fication was reached for both recycled layers during 
the first 400 days after construction. 

The layer coefficient is the best single indica-
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FIGURE 6 Comparison of layer coefficients: suhgrade strain. 
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FIGURE 8 Comparison of layer coefficients: all criteria. 

tor of the pavement performance. Figure 8 gives 
ranges of layer coefficients that can be used in the 
selection of layer coefficients for recycled layers 
similar to these used in the analysis. The midpoints 
are 0.31 and 0.29 for the foamed-asphalt and the 
emulsion recycled layers, respectively. Coefficients 
on the lower side of the range should be used in de­
sign, because both materials are new and their be­
havior has not been studied extensively. The struc­
tural coefficients of the foamed-asphalt recycled 
layer range from O. 20 to o. 42 and of the emulsion 
recycled layer from 0.17 to 0.41. 

The coefficients are virtually the same, which 
indicates that the performances of the two recycled 
sections should be the same. The practical implica­
tion of the same performances is that any of the two 
binders, foamed asphalt or emulsion, can be used in 
cold recycling, because they will have the same ser­
vice life. The most economical binder to use would 
be the one that has the lowest initial cost. 
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