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SUMMARY 

The need for a suitable method of designing the thick- 
ness of overlays and predicting the performance of the overlaid 
pavement has recently been recognized. The AASHT0 Road Tests 
included studies on 99 overlays, but they failed to produce 
conclusive results and hence provided no guidance for overlay 
designs. 

In the present investigation the raw data on the 99 
overlays tested at the AASHTO Road Tests were evaluated. 
In the process, the raw data on the pavements that were over- 
laid also had to be evaluated. A relationship between pavement 
serviceability, 18-kip equivalents, and the thickness index of 
the pavements before the overlay was determined. The relation- 
ship so developed was found to apply to the overlaid pavements. 
Based on this relationship, the strength coefficient of the 
overlay was determined and a method of designing the thickness 
of an overlay was developed. This design method does not re- quire the use of pavement deflection data by which the thicknesses 
of overlays are usually designed. 
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DESIGN OF OVERLAYS FOR FLEXIBLE PAVEMENTS 
BASED ON AASHT0 ROAD TEST DATA 

by 

Dr. N. K. V aswani 
Senior Research Scientist 

INTRODUCTION 

Since 1962 the AASHT0 Road Test Results* have provided 
the fundamental guidance for the design of pavements in this 
country. The road tests included studies on 99 overlays, but 
these failed to produce conclusive results. Hence, the test 
results provide no guidance for the design of overlays. The 
conclusions from the study of overlays stated in part that 
"Attempts at mathematical analysis designed to establish a 

specific relationship between performance and overlay design 
were unsuccessful". However, the need for a suitable method 
of designing overlay thicknesses and predicting their perform- 
ance was recently recognized, and it became imperative that 
the AASHT0 results be further investigated to provide suitable 
guidance for the design of overlays. 

OBJECTIVE AND SCOPE 

The object of this investigation was to utilize the raw 
data given by the AASHT0 Road Tests to determine the strength 
coefficient of overlays and to design overlay thicknesses. 
The objective was met by accomplishing the following three 
tasks 

i. Development of a relationship between service- 
ability, accumulated traffic, and structural 
strength of the pavement before and after the 
overlay. 

2. Determination of the strength coefficient of 
the overlay. 

*'Thi AASHTO Road Test Report 5- Pavement Research, 
Report_61 •, Highway Research Board, 1962. 



3. Development of a method for designing the 
thickness of overlays. 

VARIABLES 

The extent and type of distress that a pavement under- 
goes depends upon the traffic it carries and its structural 
strength. These three variables are discussed below. 

Distress, in the AASHT0 Road Tests, is defined by the 
term "serviceability" (S). The serviceability of a new pave- 
ment decreases with an increase in traffic. The rate of decrease 
denends upon the stmuct.urai = s•r•r.gth of the pavement; the higher 
the structural strength, the lowem the rate of decrease. Traffic 
is defined in terms of accumulated 18-kip equivalent single axle 
loads (18-kip). The struczura! strength is defined by the design 
thickness index (D), which is defined as 

D alh ! + a2h 2 ÷ a3h3, (i) 

where el, a2, and a 3 are sZrength coefficients for the respec- 
tive layers and hl, h2, and h 3 are the thicknesses of the surface 
course, base course, and subbase course, respectively. Service- 
ability is measured by pavement roughness, cracking, patching, 
and rutting. 

RELATIONSHIP BETWEEN S, iS-KIP, AND D 

B e.f o,r_e_ _0 v e r I a y, 

The AASHT0 Road Tests report gives raw data on 270 pave- 
ments, including the cross section, total traffic, and axle 
loads for the five values of S-3.5,3.0,2.5,2.0, and !.5 for each 
pavement. These raw data were utilized to determin6 the design 
thickness index, D, of each pavement, and its accumulated traffic 
in 18-kip (8,160 kg.) equivalents, as discussed in the following 
paragraphs. 

The Thickness Index 

The AASHT0 Road Test results give strength coefficient 
values of the materials used in the pavement sections as 0.44 
for an asphaltic concrete surface course, 0.14 for an untreated 
stone base, and 0.Ii for untreated material in the subbase. 
Since all of the 270 pavements tested ar the AASHT0 Road Tests and 
considered in this investigation consisred of these three 
materials only, for the purpose of this investigation equation i 
could be written as 

D (0.44 h I + 0.14 h 2 + 0.!I h 3). (2) 



Accumulated Traffic 

The axle load equivalency values given by the AASHT0 
Road Test Results were used to determine the equivalent 
!8-kip (8,160 kg) for a given axle load. The accumulated 
18-kip equivalents for each of the five S values on each 
project were then determined by multiplying the accumulated 
axle load repetitions by the axle load in terms of the 18-kip 
(8,160 kg) equivalent. 

Linear multiregression analyses of the thickness 
indices and 18-kips (8, 160 kg) for each of the five S 
values were carried out separately by using the model equation 

Log 18-kip A + B (thickness index), (3) 

where 

A : the intercept of the thickness index 
axis for a given serviceability, and 

slope of the linear curve for 18-kip 
versus thickness index for a given S 
value. 

The equations so developed are as follows- 

For S : 3.5 (270 data points) (4) 

Log (18-kip) 1.140 + 1.128 D 

(Cormelation Coefficient, R- 0.88). 

For S 3.0 (258 data points) (5) 

Log (18-kip) : 1.702 + !.063 D 

(R : 0.93). 

For S : 2.5 (239 data points) (6) 

Log (18-kip): 1.810 + 1.080 D 

(R : 0.95 

For S 2.0 (230 data points) (7) 

Log (18-kip)- 1.814 + 1.106 D 

(R = 0.95). 
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For S 1.5 (with 216 data points) (8) 

Log (18-kip) 1.834 + I.I16 D 

(R 0.95). 

In equations 4 through 8 the values of B i• model 
equation 3* for the five S v•lues are almost identical. The 
maximum value is 1.128, the minimum is 1.063, and the average 
is i.i. The value of the constant B was, therefore, taken as 
I.i, and the values of A in model equation 3were redetermined. 
The equation so determined and the values of A so obtained 
follow. 

Log 18-kip A + I.i (thickness index) (9) 

and 

A- 1.27 for S 3.5 (R- 0.88, SE- 0.69), 

= 1.63 for S- 3.0 (R- 0.93, SE- 0.47), 

: 1.79 for S 2.5 (R- 0.95, SE 0.38), 

: 1.87 for S 2.0 (R- 0.95, SE- 0.36), and 

= 1.92 for S 1.5 (R- 0.95, SE = 0.36). 

The correlation coefficients and standard errors of estimate 
shown demonstrate an excellent relationship exists for S, 
18-kip, and D. 

Based on equation 9, F'gures i and 2 have been drawn 
to show the relationship between S, 18-kip (8,160 kg), and 
D throughout the life of a flexible pavement. In these two 
figures the values of S were extrapolated. This was done by 
plotting A versus S as given in equation 9 and as shown in 
Figure 3. By means of Figure 3 the values of A could be 
obtained for any value of S. 

A•t • ,r,,,, Oye r l,•,y 

The AASHTO Road Test Results give raw data on 99 
overlay projects. From these data the following were obtained" 
(a) The values of S before the overlay, immediately after the 
overlay, and at the end of the overlay service; and (b) the 

*Log 18-kip A + B (thickness index). 
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Figure 2. Relationships between D, S, and cumulative 
18-kip. (Conversion unit" 18-kip 8,!60 kg) 
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18-kip (8,160 kg) before the overlay and at the end of the 
service life of the overlay. The 18-kip immediately after 
the overlay is equal to the 18-kip immediately before the 
overlay. The three data points so obtained for each project 
could• be plotted in Figure i and extrapolated parallel to 
the curves given there. By th-" .,.s means the values of S, 
18-kip, and D for the pavement before and after the overlay 
could be determined. An example of this is shown in Figure 4. 

A study of these data for each project given in Appendix 
! shows that all pavements behave in a manner shown by the 
solid line in Figure 4. This figure is, in fact, an example 
of the mean values of pavements on loop 5 as given in Appendix 
I. This example shows that the pavement deteriorated to an S 
value of 1.2 prior to the overlay. Since the overlay covered 
all the observed types of distress, the S values increased 
without a change in traffic. After an overlaid pavement is 
open to traffic, the rate of decrease in the S value with an 
increase in traffic is constant. The duration of this trend 
depends upon the thickness of the overlay. After some time 
the reduction in S accelerates in the same manner as for a new 
pavement, and the curve of S versus traffic follows the general 
trend shown for new pavements before the overlay. This behavior 
of the overlaid pavement is shown in Figure 4. 

In practice the serviceability of the pavement and the 
18-k±p (8,160 kg) carried by the pavement before the overlay 
are known. If the additional thickness index contributed by 
the overlay could be determined, the pavement behavior in terms 
of S versus 18-kip after the overlay could be predicted, as shown in 
Figure 4. The thickness index of rhe overlay can be determined 
if the strength coefficient of the overlay is known. The method 
of determining the strength coefficient is given in the following 
section. 

DETERMINATION OF THE STRENGTH 
COEFFIC • :ENT OF AN OVERLAY 

In determining the strength coefficient of an overlay 
the raw data on the 99 AASHTO overlay projects were used. The 
data on each of the 99 projects needed for this investigation 
are shown in Appendix i in their original form or after con- 
version. The information in Appendix i shows the following. 

i. The pavements overlaid had a minimum thick- 
ness index of 1.28, a maximum of 4.82, and 
an average of 3.35. The actual thicknesses 
of the pavements ranged from 5 inches(12.7 cm) 
to 2! inches (53 cm) Thus, the strength 
coefficient values determined in this 
investigation covered a broad range of pave- 
ment strengths. 
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Figure 4. Example of pavement and overlay behavior 
(Loop 5 AASHTO Road Test). 



2. All the pavements had reached an S value 
of •bout 1.5 or below, with an average of 
1.2, before they were overlaid. Usually, 
pavements especially those heavily 
trafficked are overlaid when the S value 
is 2.5 or above. The overlay data based 
on low terminal S values will not affect 
the results of this investigation and could 
be applied to pavements with high terminal 
S values because, as shown in Figure !, the 
traffic carried at S 2.5 is not a great 
deal more than the traffic carried at S = 

1.5 or below. 

3. The overlay thickness varied from 2 inches 
(5 cm) for very low type pavements to 3 1/2 
inches (8.9 cm) 4 inches (i0 cm) in one 

case only with an average of 3 inches 
(7.6 cm). The results of this study must 
therefore be assumed to be applicable for 
overlay thicknesses greater than 2 inches 
(5 cm) until further data are available for 
verification. 

Method of Determining the Strength Coefficient 

The strength coefficient of an overlay could be obtained 

D 
a 

D b + h.ao, (I0) 

where D b and D 
a are the actual thickness indices before and 

after the overlay, h is the thickness of the overlay in inches 
or centimetres, and a o 

is the strength coefficient for one 
inch or one centimetre of an overlay. 

The value of D b before the overlay may not be exactly 
the same as the design value obtained by equation 2. This 
difference may be due to various factors like subgrade support, 
material variations, construction techniques, etc. Thus, in 
the example shown in Figure 4 for the mean of values of pave- 
ments on loop 5 (Appendix !), the mean design thickness index 
of the pavements by use of equation 2 was 3.48. When plotted, 
the data of S versus 18-kip showed that the actual value of D b 
was 3.40. It is, therefore, necessary that the actual value 
of D b be determined for the design of overlays. 

The actual value of D b could be obtained from the data 
on S and 18-kip as given by (a) equation 9 combined with 
Figure 3, or (b) Figure i, or (c) Figure 2. The use of these 

i0 



three methods is shown by taking an example of the mean of the 
values of loop 5 wherein the mean values of S and 18-kip before 
the overlay are 1.2 and 674,000 18-kip (6,180 kg). From Figure 
3 the value of A for S 1.2 is 1.92. Hence, D b in equation 9- 

!o•g 674.. ,000 i.92 
i.i : 3.6 

From Figure i the value of D b as shown on an enlarged scale in Figure 4 is 3.4. From Figure 2 the value of D b as shown on an enlarged scale in Figure 5 is 3.48. 
In a similar way the value of D 

a 
in equation i0 can be 

determined by use of Figure 1 or 2. This is shown by the example 
of the mean of the values of loop 5 in Appendix I, wherein the 
mean values of S and 18-kip (8,160 kg) after the service life of 
the overlay are 2.79 and 2,370,000 18-kip (6,180 kg). The value 
of D 

a 
from Figure 1 as shown on an enlarged scale in Figure 4 is 

4.38, and that from Figure 2 as shown on the enlarged scale in 
Figure 5 is 4.34. 

Using the average values of Dband D 
a 

obtained from Fig- 
ures 4 and 5, we get D b 3.44 and D 4.36. The mean thickness 
of an overlay on loop 5 is 3 inches •7.5 cm). Thus the mean 
strength coefficient of an overlay obtained from equation i0 = 

4.36- 3.44 
3 = 0.31. 

In this investigation the strength coefficient values for 
the 99 overlay projects were determined and are given in Appendix 
!. The average value of the strength coefficients of these 99 
overlays is 0.30. The statistical curve as obtained for the 
strength coefficients of the overlays is shown in Figure 6. This 
curve indicates that the population is not normally distributed. 
If the mean value of 0.30 is adopted as the strength coefficient 
of the overlay, 50% of the design projects will be satisfied. To 
cover a gmeater percentage of designed projects, a value of 0.22 
is recommended. This value, as shown in Figure 6, will cover 
62% of the design projects for AASHTO pavements which were reduced 
to a terminal S value of 2 5 or below before an overlay was pro- 
vided. For roads and highways for which overlays are provided 
at higher terminal indices, a strength coefficient of 0.22 should 
satisfy a much larger percentage of the design projects. The 
value of 0.22 is exactly half the value of the strength co- 
efficient of asphaltic concrete for new pavements. It is, there- 
fore, recommended that the strength coefficient for an overlay 
for the purpose of design be taken as half the strength coeffi- 
cient of asphaltic concrete. 
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Taking the strength coefficient of an asphaltic concrete 
overlay as half the value for new construction can be justified 
as follows. With age and traffic, the pavement becomes fatigued 
and weak. When an underlying layer becomes weaker than the 
overlying one, the thickness equivalency of the overlying layer 
decreases. This is illustrated by the practice in Virginia of 
taking the thickness equivalency of cement treated aggregate 
directly over the raw subgrade as 0.6 times the thickness equiv- 
alency when placed over a strong subbase or base course. 

THICKNESS OF AN OVERLAY 

Based on equation 9 the traffic carried by an overlaid 
pavement could be obtained as 

Traffic after the overlay Antilog (log !8-kip 

of total traffic before and after the overlay) 

minus Antiiog (log i8-kip of traffic before the 

overlay) 

= Antilog (Aa+l.l Da) Antilog (Ab- !.i Db) (II) 

where Ab and Aa are the same as the values of A in equation 9* 
for an S value before the overlay and at the end of the overlay 
service, respectively, and Db and Da are the values of D before 
and after the overlay, respectively. 

In the AASHT0 road tests, the S values before the ove.rlay and 
at the end of the service life of the overlay were not the same. 
In practice these values are the same, depending upon the road 
classification; i.e. Aa Ab. In such a case equation i! reduces 
to 

Traffic after the overlay- traffic before 

the overlay x [Anzilog (0.!i x overlay thick- 

ness x strength coefficient of overlay)- I], or (12) 

Traffic after t.he. o.ver.!ay 
: 

[Antiiog (0.I! x 0.22x 
Traff"•'c •ef0"re the overlay overlay thickness) 

-I] or (13) 

*Log !8-kip A + i.I (thickness index). 



Percentage increase in traffic after the 

overlay IAntilog (0.0242 x overlay thick- 

ness) -i] x i00. (14) 

Based on equation (14), Figure 7 has been drawn. It shows 
the percentage increase in the 18-kip equivalent versus the over- 
lay thickness and can be used in determining the required thick- 
ness of an overlay. This figure shows that the traffic capacities 
for overlay thicknesses of i, 2, and 3 inches (2.5, 5.1, and 7.6 
cm) are respectively 78%, 217%, and 464% of the traffic before 
the overlay. 

If these percentage increases in traffic are examined 
carefully, it is seen that the percentage increase in traffic 
would be the same if the overlay were applied in several thin 
layers rather than in one thick layer. Thus, one thick layer 
of, say, 3 inches (7.6 cm) would carry the same traffic as three 
layers of 1-inch (2.5 cm) as shown in Table i. 

Deflection studies in Virginia carried out before and after 
the application of asphaltic concrete overlays have shown that 
overlay thicknesses of 1-inch (2.5 cm)and above do contribute to 
an increase in the structural strength of the pavement. It is, 
therefore, recommended that overlays provided for increasing the 
structural strength of the pavements be limited to a minimum of 
1-inch (2.5 cm). The method described under the subhead below is 
recommended for the design of overlay thickness. 

Table I 

Example of Overlay Thickness Versus Traffic 

Pavement 
section 

No, ove,.r.!ay 
First I inch overlay 

Second 1 •'-•ch overlay 

Third i inch overlay 

Total traffic Traffic due to 
before overlay the overlay 

I.!ll 

i 

! + 0.78 : 1.78 

1 + 2.17 : •.17 

78% 

i. 78 x 78 139% 

3.17 x 78 247% 

Total traffic due 
to overlays only 

|,.'-- I•_ 

0 

0 + 78 = 78% 

78 + 139- 217% 

217 + 247 464% 
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Desi$,n o,f,Overlay Thickness 

The design of the ovemlay thickness is dependent upon 
the dumability of the asphaltic concmete mix as influenced by 
the age, hamdening, and stripping of asphalt, along with othem 
factors. An ovem!ay made fmom a well-designed mix pmopemly 
placed could perfomm satisfactomily fore i0 to 15 yearns without 
sumface mejuvenation For detemmining the thickness of an 
ovemlay, the use of a 12-yearn service life fore the mix is 
mecommended. The pmocedume fom detemmining the ove•!y thick- 
ness is as follows. 

I. Determine the accumulated traffic in terms 
of the 18-kip (8,160 kg) equivalents that 
the pavement has carried from the date of 
construction to the date of the proposed 
overlay, irrespective of any previous over- 
lays. 

2. Determine the accumulated traffic in terms 
of the 18-kip (8,!60 kg) equivalents the 
pavement will carry in the 12 years follow- 
ing the overlay. 

3. From Figure 7, determine the thickness of 
the overlay •from a given percentage increase 
in traffic after the overlay, taking the 
percentage increase as 

18-ki p (8,160 kg) after the overlay 
18-kip (8-,160 '"kg) bef'0r•" •he' '•'ve'rl•y x i00. 

For. example, an interstate highway pavement that was built in 
1967 and had an S value of 3.45 in 1977 would qualify for an 
overlay. The accumulated traffic up to !977 was 0.45 million 
18-kip (8,160 kg) equivalents. The ADT in !977 was !40 !8-kip 
(8,160 kg) equivalents. Assuming a yearly increase in traffic 
of 5%, the accumulated traffic at the end of 12 years would be 

140 x 365 [i + (i + .05) + (i + .05)2 +...(i + .05) 11 

= 51,100 x 15.92 

= 0.81 million 18-kip (8,160 kg) equivalents. 

The percentage increase in traffic after the overlay would be 

0.81 
0.45 x I00, 

or 180%. From Figure 7 the designed thickness of the overlay 
is determined to be 1.75 inches (4.5 cm). 
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CONCLUSIONS 

I. A simplified design method based on visu_al inspections could provide uniformity in decisions regarding the stages at 
which pavements would be overlaid in an economical manner. 

2. The strength coefficient of an asphaltic overlay is less 
than the strength coefficient of asphaltic concrete for 
new pavements. It is recommended that in the design of 
overlays, the strength coefficient for an asphaltic over- 
lay should be taken as half (0.22) the strength coefficient 
of asphaltic concrete for new pavements (0.44). 

3. The method for designing an overlay developed in this 
investigation could be used for determining the thickness 
of an overlay. 

19 





ACKNOWLEDGEMENT S 

The research reported here was conducted under the general 
supervision of Jack H. Dillard, head, Virginia Highway and 
Transportation Research Council. Frequent discussions with 
C. S. Hughes and K. H. McGhee were very helpful. The research 
was done as part of FCP Project 5D with funds administered by 
the Federal Highway Administration. 

21 









0 

P• 

< 

.M 

> 

0 • 



0 



0 




