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EXECUTIVE SUMMARY 

The oJ:Uective of this research effort was to evaluate the 1986 AASHTO Guide for 
Design of Pavement Structures for Kentucky conditions. This research focused on 
flexible pavement design since a companion study relating to rigid pavements already 
was ongoing. The companion study has been completed and is documented by Research 
Report UKTRP-88-14, "Comparison of Rigid Pavement Thickness Design Systems." As 
the title implies, the research involved sensitivity analyses of the various factors and 
input parameters of the 1986 AASHTO Guide and their relation to Kentucky conditions. 

The sensitivity analyses involved detailed comparisons of the 1986 AASHTO Guide 
with Kentucky procedures. The 1986 AASHTO Guide identified fourteen major new 
considerations relating to the structural design of pavements. These considerations are 
(1) Reliability, (2) Resilient Modulus for Soil Support, (3) Resilient Modulus of Flexible 
Pavement Layer coefficients, (4) drainage, (5) improved environmental considerations, (6) 
tied concrete shoulders and/or widened lanes, (7) subbase erosion for rigid pavements, (8) 
life cycle cost analyses, (9) pavement rehabilitation, (10) pavement management, (11) 
extension of load equivalency data, (12) improved traffic data, (13) design of pavements 
for low volume roads, and (14) state of the knowledge on mechanistic empirical design 
concepts. 

Of these items, the use of tied concrete shoulders and the issue of subbase erosion 
for rigid pavements were addressed in greater detail in the companion report "UKTRP 
88-14." The use of tied concrete shoulders already is a routine practice for all high type 
concrete pavement construction. The issue of subbase erosion is not directly addressed 
in current Kentucky designs for rigid pavements. However, the use of modified roadbeds 
and continued emphasis on pavement subdrainage indirectly reduces the potential 
detrimental effects of subbase erosion on the performance of rigid pavements. The 
addition of items into the AASHTO "design equation" has better enabled our pavement 
design staff to evaluate the potential benefits of these pavement design features. 

The issues of pavement management and life cycle cost analyses are being 
addressed by other research efforts. Research study KYHPR 85-106 culminated in 
Research Report KTC 90-4, A Review and Analysis of Pavement Management Practices 
in Kentucky." This study summarized and documented current pavement management 
practices in Kentucky. Research Study KYHPR 88-118, "Life Cycle Costing of Pavement 
Systems" currently is ongoing. 

The 1986 AASHTO Guide referenced and endorsed the continuing evolution of 
mechanistic design procedures for pavements. Kentucky thickness design procedures for 
flexible pavements are based on a mechanistic model using elastic layer concepts. 
Kentucky has been involved in the development and refinement of mechanistic pavement 
design procedures since the 1960's. A mechanistic design procedure was developed in the 
1970's but was evaluated and refined for several years until the refinement of this 
procedure was developed in 1987 but still is being correlated with observed performance. 
Kentucky is unique in that we have been involved in the mechaistic design area for many 
years and is dedicated to continuing the development and refinement of the mechanistic 
design concept for pavements. 

This study demonstrated the significant effects of the selected level of reliability 
(as defined in the 1986 AASHTO Guide) on the required pavement thickness. Variations 



of overall standard deviation did not appear to have as significant effect on overall 
pavement thickness. Since the Kentucky procedures were developed on the basis of a 
mechanistic model, it is difficult to directly incorporate reliability and overall standard 
deviation. The sensitivity analyses from this research have confirmed that the reliability 
of the Kentucky procedure is variable. Information presented in the report indicates the 
reliability of the Kentucky procedure varies from about 80 percent for low fatigue life 
designs to 99 percent for higher fatigue life designs. 

The most influential factors affecting pavement thickness requirements are the 
strength or stiffness of the subgrade soil followed by the level of Equivalent Single 
Axleloads (ESAL's). The study includes the results of a literature search and documents 
a number of relationships between the soil support scale, California Bearing Ratio, 
resilient modulus of the subgrade, modulus of subgrade reaction, and other means of 
characterizing the strength of the subgrade soil. The variations in these relationships 
demonstrate the complexity of comparing input parameters for pavement design 
procedures. It was ultimately determined that the relationship used in Kentucky to 
estimate resilient modulus E, = 1500 x CBR probably is as good as any within the 
working range of Kentucky soils. 

The 1986 AASHTO Guide contains tables and figures describing the relationship 
between resilient modulus and flexible layer coefficients for use in the 1986 AASHTO 
pavement design procedures versus Kentucky procedures. These comparisons were 
developed on the basis of assumed layer coefficients (0.40-0.44 for bituminous materials, 
0.14 for aggregate materials) and indicate reasonable comparisons. Research Study 
KYHPR 86-115, "Laboratory and Field Evaluations and Correlations of Properties of 
Pavement Components" currently is ongoing and involves detailed testing of resilient 
modulus of pavement components. This study is anticipated to result in more refined 
data for use in both the Kentucky and AASHTO procedures. 

The 1986 AASHTO Guide included a procedure for adjusting the strength of 
subgrade soils as a function of seasonal performance. This relationship was verified and 
is generally consistent with observations in Kentucky. An Analysis was conducted on the 
seasonal daily variations in strength of bituminous layers because of temperature and 
moisture fluctuations. This type of analysis is not addressed in the 1986 AASHTO Guide 
but is noteworthy from the perspective of future research. Generally, it was 
demonstrated that the temperature effects on bituminous pavements may be as 
influential as the effects of season on subgrade strength. Since the AASHTO procedure 
is empirical and based on results of the AASHTO Road Test, differentiation of these 
effects is difficult. The results of this analysis will benefit pavement design staff through 
an improved understanding of pavement performance but with no direct implementation 
of findings. 

Kentucky has implemented pavement subdrainage for high type flexible and rigid 
pavements (greater than 250,000 design ESAL's per year). The benefits of pavement 
subdrainage in terms of extended pavement performance still are being evaluated. 
Research Studies KYHPR 92-142, "Evaluating the Design and Effectiveness of Subsurface 
Drainage Layers" and KYHPR 92-143, "Evaluation of Pavement Edgedrains and the 
Effect on Pavement Performance" are intended to focus on quantifying the performance 
benefits of pavement subdrainage. Preliminary investigations reported by others indicate 
that the permeable bases may extend pavement life by as much as 30 percent for flexible 
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pavements and 50 percent for rigid pavements. 
Pavement rehabilitation involves a number of activities. The 1986 AASHTO Guide 

identifies many factors related to th e  rehabilitation of pavements. It was generally 
concluded that Kentucky procedures addressed the parameters listed in the AASHTO 
Guide in some capacity. However, the specifics of pavement rehabilitation strategies 
must vary according to conditions within a given state. 

Equivalent 18,000-pound single axleloads are a means of standardizing the 
distribution of axleloads within a traffic stream into a single quantity which describes 
the loads anticipated to be applied to that pavement. Load equivalency factors are the 
mechanism used to convert the relative damage to the pavement for any given loading 
to some quantity of damage associated with a standard 18,000-pound single axleload. 
Load equivalency factors used in Kentucky were developed on the basis of mechanistic 
procedures and vary somewhat with AASHTO load equivalencies. The 1986 AASHTO 
Guide does include modifications to compute load equivalency factors for tridem axle 
loadings. Kentucky load equivalency factors already included multiple axle groupings. 
This study included analyses which demonstrate that the Kentucky mechanistic design 
criterion incorporates the majority of experience observed at the AASHTO Road Test. 
However, these analyses do not completely define relationships between Kentucky load 
equivalency factors and AASHTO load equivalency factors. Research Study KYHPR 92-
141, "Forecasting and Backcasting Equivalent Axleloads for Pavement Design and 
Performance" has been initiated to further define relationships between AASHTO and 
Kentucky load equivalency factors and the effort on pavement design requirements. 

The 1986 AASHTO Guide included a section relating to pavement design for low 
volume roads. The Kentucky procedure is applicable for design of pavements for as low 
as 7,300 ESAL's. This is approximately one ESAL per day for a 20-year period. The 
1986 AASHTO Guide refers to low volume roads as those with ESAL's of 700,000 to 
1,000,000 over the design life. Therefore, Kentucky pavement design procedures do not 
require specific adaptations for use on low volume roads. The AASHTO procedure for 
thickness design of aggregate surfaced roads may have some limited applications in 
Kentucky. The procedures presented in the 1986 AASHTO Guide do provide an 
alternative means of verifying design requirements for low volume roads and also provide 
a means for designing for reduced levels of serviceability and reliability. These concepts 
already have been implemented by the pavement design staff for design of detour 
pavements, shoulder pavements used to carry construction traffic, and other pavements 
where a reduced level of service or reliability may be accommodated. 

Appendices for this report include the results of many comparisons of pavement 
designs for Kentucky procedures versus 1986 AASHTO procedures for a wide range of 
design conditions. These comparisons will be useful for pavement design staff in 
evaluating and quantifying the relative pavement strategies for individual projects. 

In conclusion, the report illustrates the sensitivity of the various pavement design 
parameters. Implementation of the findings and results of this study will be on an 
indirect bases as discussed. 
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INTRODUCTION 

This stndy was initiated to determine the sensitivity of the 14 new considerations 
included in the 1986 AASHTO Guide for Design of Pavement Structures (1). These 
considerations are: 

(1) Reliability 
(2) Resilient Modulus for Soil Support 
(3) Resilient Modulus for Flexible Pavement Layer Coefficients 
(4) Drainage 
(5) Improved Environmental Considerations 
(6) Subbase Erosion for Rigid Pavements 
(7) Life-Cycle Cost Considerations 
(8) Pavement Management 
(9) Extension of Load Equivalency Values 
(10) Improved Traffic Data 
(11) Design of Pavements for Low Volume Roads 
(12) State of the Knowledge on Mechanistic-Empirical 

Design Concepts 
(13) Tied Concrete Shoulders or Widened Lanes, and 
(14) Rehabilitation. 

This report includes information relative to the flexible pavement portion of the 1986 
AASHTO Design Guide (1) and includes the effects of a few input items used in rigid 
pavement design. The sensitivity of the variables for rigid pavement design will be 
included in another report. 

RELIABILITY AND STANDARD DEVIATION 
Figure 1 illustrates the relationship between standard normal deviate, Zr, and 

percent reliability, R. Figure 2 illustrates the relationship between 18-kip EAL, 
structural number, SN, and percent reliability, R. The equation that was developed from 
the AASHO Road Test (2,3) data analysis represented a 50 percent reliability. As an 
example, a design EAL of 10 million corresponds to SN's of 4.79 and 5.67 at 50 and 90 
percent reliability, respectively. Assuming 0.44 for a1 another 2 inches of asphaltic 
concrete would be required to increase the design from

' 
a 50 percent reliability to a 90 

percent reliability level. The choice of value for reliability is very influential. 
Figure 3 illustrates the relationship between percent reliability, standard 

deviation, and percent of design EAL at a 50 percent reliability. Figure 3 illustrates that 
standard deviation has a very minor influence on the design level compared to the effect 
of percent reliability. 

The sensitivity analyses from the study confirm that the reliability of the 
Kentucky procedure is variable. Reliability ranges from 80 percent for low fatigue life 
designs to 99 percent for higher fatigue designs. 

RESILIENT MODULUS FOR SOIL SUPPORT 
Figure 4 provides the relationship between Kentucky CBR, elastic modulus (1,500 
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x CBR), and resilient modulus. Figure 5 illustrates the relationship between Soil 
Support Value (scale 1), 1982 Kentucky CBR (scale 10), AASHTO subgrade resilient 
modulus (scales 1 1  and 13), corresponding k-values (scales 12 and 14 respectively), R-
value scales (scales 5 and 6), and the original Corps of Engineers CBR (scale 15). All 
scales were obtained from published documents (1, 3-6). One should be careful in 
interpreting resilient modulus because the term quite often is interchanged with elastic 
modulus and the two are not the same by definition. The designer should be careful to 
choose the appropriate relationship to obtain the correct resilient modulus and associated 
"k-value" for use in rigid pavement thickness designs. For the working range of 
Kentucky soils, the relationship to estimate resilient modulus of E, = 1,500 x CBR is 
appropriate and as good as any other relationship. 

Scale 9 in Figure 5 is labeled "INCORRECT KENTUCKY CBR". This scale 
appears in the 1986 AASHTO Guide (1), as Scale C in Figure FF.6. The footnote to 
Figure FF.6 lists the source as the report by Drake and Havens (4). The referenced 
document (4) was checked and no such relationship could be found. The authors (4) were 
contacted and neither knew the source of that scale (Scale 9 in Figure 5 of this report). 
This scale is incorrect and invalid. 

RESILIENT MODULUS FOR FLEXIBLE PAVEMENT LAYER COEFFICIENTS 

Asphaltic Concrete 
Figure 6 provides the relationship between elastic (resilient) modulus and the 

structural layer coefficient, a1• Data values were interpolated from the original figure in 
the 1986 AASHTO Design Guide (1) and the following equation was obtained. 

where 

Log(a1) = a + b*Log(E) + c*(Log(E))
2 

a1 = structural coefficient for asphaltic concrete, 
a = -9.9038197211, 
b = 2.958061252, and 
c = -0.2244867989. 

The regression statistics are: 
Standard Error= 0.00256828 
R

2 
= 0.9996764, and 

F Ratio = 9267.414. 

Base Material 

1 

Figure 7 is the representation of the AASHTO equation relating elastic (resilient) 
modulus to the structural coefficient, �. for base material. The Guide recommends 
obtaining the modulus from a triaxial test of the base material. From that test, the sum 
of the principal stresses can be obtained which is defined as the stress state, !l (theta). 
Figure 8 illustrates the relationship between stress state, and K, when � is assigned a 
value of 0.6. Note that K1 depends upon the degree of wetness of the material and the 
verbal description is provided in tables in the Guide. Figure 9 provides the mechanism 
for selecting the appropriate K1 for both base and subbase materials. 
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Subbase Material 
Figure 9 is used to select the appropriate K1 for both base and subbase materials. 

Figures 10 and 1 1  provide the appropriate relationships for subbase materials. The 
relationships will be discussed in more detail under mechanistic design concepts. 

DRAINAGE 
Section 2.4.1 of the 1986 AASHTO Design Guide provides the relationship between 

the verbal description of quality of drainage and the time required for water to be 
removed. Table 2.4 (1) provides additional data as a function of the percent of time that 
the material is exposed to near saturation for flexible pavements. Table 2.5 (1) provides 
similar information for rigid pavements. These relationships have been combined in 
Figures 12 and 13 for flexible and rigid pavements, respectively. The output is m, from 
Figure 12 and cd from Figure 13. 

M, modifies the effective thickness of the base and subbase layers. Figure 14 
illustrates the effect of m2 upon the structural number, SN, for a three-layered pavement 
structure for which 1/3 of the total thickness is asphaltic concrete and 2/3 is a crushed 
stone base course. For example, when m2 is 1.0, the SN is 7.2 for a 30-inch design 
thickness. A variation of +/- 0.4 for m2 modifies the SN to 8.3 and 6.1 respectively for the 
same 30-inch design--a change of+/- 1.1, which at 0.44 for .the coefficient a1 equals 2.5 
inches of asphaltic concrete. Figure 15 gives the 1981 Kevtucky 33 percent thickness 
design curves in inches and Figure 16 shows them converted to SN assuming 0.44 and 
0.14 for coefficients a1 and az, respectively, in the equation 

2 

where d1 = thickness of asphaltic concrete, in., 
dz = crushed stone base thickness, in., and 
m2 = a modifying factor to account for the degree of wetness. 

Assuming m2 has a value of 0.7 instead of 1.0, Figure 17 shows that the same pavement 
thickness designed for 6 million EAL would be adequate for approximately 2.1 million 
EAL--approximately 1/3 the anticipated fatigue life. These analyses provide strong 
arguments for constructing drainage systems to remove water from the pavement 
structure. 

The sensitivity analyses above describes the benefits of improved subgrade 
drainage but are not directly related to Kentucky design procedures. While Kentucky 
uses pavement subdrainage for all high type pavement designs, it was not intended or 
expected that use of improved pavement subdrainage procedures would result in cost 
savings by reduced pavement thicknesses. Instead, it was anticipated that use of 
pavement subdrainage would extend the service life of Kentucky pavements by rapidly 
removing moisture from the upper regions of the pavement structure. In bituminous 
pavements, subsurface drainage was anticipated to reduce the potential for moisture 
damage to the bituminous layers and to reduce the degree of saturation for aggregate 
bases and the associated potential for isolated base failures and other moisture related 
loss of support. Subsurface drainage for rigid pavements was anticipated to reduce the 
potential for pumping of fines from base layers and for moisture related damage to the 
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concrete pavement. In summary, Kentucky's current approach to pavement subsurface 
drainage is rapid removal of water penetrating the pavement from the surface. 

IMPROVED ENVIRONMENTAL CONSIDERATIONS 
The 1986 AASHTO Design Guide (1) suggests a method for obtaining a weighted 

average resilient modulus for the subgrade to account for changes in stiffness due to 
changes in moisture content. The 1959 Kentucky thickness design curves (4) were based 
upon the Kentucky CBR method which requires a soil sample to be soaked until swelling 
ceases. ASTM requires a soaking period of 72 hours. The main purpose of the extended 
soaking time is to recognize that Kentucky clays take longer to absorb water and for the 
water to be removed. Thus, the ASTM test method would not provide sufficient time for 
the sample to be saturated and should result in a higher CBR than that resulting from 
the Kentucky test procedure. 

Since the late 1970's, Kentucky investigators have been able to confirm seasonal 
changes resulting from Road Rater tests. The 1959 Kentucky thickness design curves 
were based upon Kentucky CBR tests on subgrade samples obtained from successful and 
failed pavements. Kentucky thickness design curves modified in 1968 were based upon 
the Kentucky CBR test results. Assuming a design SN = 5.0, serviceability level of 3.0, 
CBR = 6.0 (resilient modulus of 3,283 psi), and 50 percent reliability, the 18-kip design 
EAL is 2,930,000. Figure 18 illustrates the change in design EAL as a function of 
relative change in subgrade stiffness during the year. The effective SN is reduced to 
4.688, the design CBR to 5.28, and design EAL to 2,292,835 -- 78 percent of the original 
design EAL. 

The 1986 AASHTO Design Guide does not consider the change in stiffness of the 
asphaltic concrete due to the annual change in pavement temperature. Figure 19 shows 
the change in elastic modulus as a function of average pavement temperature. Figure 
20 (7) provides the means to estimate the temperature at depths within the asphaltic 
concrete for 1300 hours standard time. The input value is a combination of the pavement 
surface temperature and the 5-day average air temperature history. Figure 21 illustrates 
the annual temperature variation assuming a 100 °F annual change in temperature 
(typical Kentucky condition) for a pavement structure consisting of 6 inches asphaltic 
concrete on 12 inches of a crushed stone base. The subsequent variation in pavement 
stiffness using Figure 19 results in the variation in the structural coefficient, a1 through 
the use of Figure 6. Environmental changes affect different portions of the pavement 
structure in different ways during the year. Figure 22 illustrates the changes in relative 
stiffness of the subgrade and its effect on the structural coefficients, a,, and the effect of 
pavement temperature on the stiffness of the asphaltic concrete through the coefficient, 
a1• Figure 23 shows the total variation in SN as a function of annual variations in 
coefficients a1 and a,. This illustrates that the annual change in stiffness of the asphaltic 
concrete due to pavement temperature is considerably more influential on SN than the 
effect of annual change in subgrade stiffness. A method to include adjustments for such 
effects should be considered for inclusion in the next revision of the AASHTO Design 
Guide. 
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SUBBASE EROSION FOR RIGID PAVEMENTS 
Table 54 (2) provides the pumping index data at a serviceability level of 1.5, or W 

1,114,000 load applications Comparing the volume of material pumped from under 
both lanes of the same pavement section provides a direct comparison of single versus 
tandem axle groups. The pluses in Figure 24 represent those sections that had reached 
a terminal serviceability of 1.5 and were considered to have failed. The dots represent 
pavements that had received 1,114,000 load applications but had not reached a 
serviceability level of 1.5. For those pavements that survived (dots), the 2:1 trend line 
fits the data very well. This suggests that the volume of material pumped from under 
the pavement was simply a function of the number of axle impacts and not entirely due 
to fatigue. Another trend in the data was that those pavements that failed were either 
thin and/or were located on Loops 5 and 6 (heaviest loadings). 

Subbase erosion under rigid pavements is not directly addressed in current 
Kentucky designs for rigid pavements. However, the use of modified roadbeds and 
continued emphasis on pavement subdrainage indirectly reduces the potential 
detrimental effects of subbase erosion on the performance of rigid pavements. 

LIFE-CYCLE COST CONSIDERATIONS 
This item is the subject of an ongoing study KYHPR-88-118, "Life Cycle Costing 

of Pavement Systems and was eliminated as a part of this study. 

PAVEMENT MANAGEMENT 
Pavement management has been the subject of study KYHPR-85-106 which 

culminated in Research Report KTC 90-4, "A Review and Analysis of Pavement 
Management Practices in Kentucky." Thus, pavement management was not investigated 
as a part of this study. 

EXTENSION OF LOAD EQUIVALENCY VALUES 
The extended sets of load equivalencies included in Appendix D of the 1986 

AASHTO Design Guide may be duplicated by substituting 3.0 for the terminal level of 
serviceability and/ or a value of 3 for L. for tridem axle groups. It is to be noted that no 
relationships are presented for a two-tired axle that represents a steering axle. At the 
AASHO Road Test, the steering axleloads were sufficiently low for all vehicles so that the 
effects of these axles were included by default as a part of the loaded axles of the tractor 
and trailer. Today's trucks apply sufficiently heaVY steering axleloads to require a 
specific load equivalency relationship for a two-tired axle. The use of the four-tired 
equation for the two-tired axle yields a load equivalency of approximately one-half the 
appropriate value. However, the proof of all such relationships involves matching the 
design fatigue with fatigue accumulated during the actual time the pavement was 
subjected to traffic. 

Designers use the term 20-year life as a way of expressing a fatigue design. 
Pavements usually fail by fatigue which is dependent upon loading history and not 
number of years. If truck traffic volume increases at a greater rate than originally 
estimated, the fatigue life is consumed at a greater rate. As load limits are increased, 
fatigue accumulates even more because the load equivalency increases approximately as 
the fourth power of the load increment. The Kentucky thickness design curves matched 
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Kentucky empirical data and the AASHTO design method supposedly matches results 
from the AASHO Road Test. Two different analyses were performed during this study 
to determine how well these two design methods agree. 

Soil samples obtained from the AASHO Road Test were submitted to each of nine 
testing laboratories as a part of a round robin testing program and the Division of 
Research (a parent organization of KTC) was one of these laboratories. The average 
Kentucky CBR test value was 5.2. 

Appendix A of reference (2) contains the number of load applications for each 
pavement section for five specific levels of serviceability. For a given level of 
serviceability, the repetitions were multiplied by the AASHTO load equivalency for the 
actual loads employed on that section yielding the 18-kip EAL for that pavement. The 
layer thicknesses were converted to Structural Number, SN, using assumed values for 
coefficients a1, a2, and a3 of 0.44, 0.14, and 0.11, respectively. The EAL was plotted for 
each SN to produce Figures 25-29 for serviceability levels of 3.5, 3.0, 2.5, 2.0, al1d 1.5, 
respectively. Superimposed on each of Figures 25-29 is the Kentucky thickness design 
curve converted to SN corresponding to CBR 5.2 and the solution of the AASHTO 
equation for that level of serviceability. According to the level of serviceability, the 
Kentucky design curve incorporates approximately 90 to 95 percent of the AASHO Road 
Test data in a particular range but does not fit other areas as well. This is because the 
Kentucky curves were developed in such a way that as the design EAL increased, so did 
the level of serviceability. Figure 25 shows that the Kentucky thickness design curve 
does not incorporate as many data points as Figures 26-29. This difference is not 
thought to be significant because the visible deterioration at a serviceability of 3.5 would 
not be sufficient to initiate any major rehabilitation. The following table shows the EAL 
ranges and corresponding levels of serviceability for which the Kentucky design curve for 
CBR 5.2 best matches the AASHO data. 

LEVEL OF SERVICEABILI'IY 
1.5 
2.0 
2.5 
3.0 

RANGE OF EAL 
FROM TO 

0 30,000 
30,000 80,000 
80,000 800,000 

800,000 AND UP. 

Figure 30 is a compilation of the calculated EAL-SN relationships used in the AASHTO 
equation for each of the levels of serviceability. Figure 31 is a compilation of calculated 
EAL-SN data from each of the ranges listed, the Kentucky design curve, and the 
appropriate portions of the AASHTO equation. AASHO Road Test data confirm that 
increasing the level of serviceability as a function of increased design EAL supports the 
Kentucky design methodology. Results would have been very similar to that obtained 
by the AASHTO method had the Kentucky procedure been developed based on fixed 
levels of serviceability. The second analysis involved comparing the two sets of load 
equivalency relationships. The Kentucky load equivalencies are based upon the concept 
of work at the bottom of the asphaltic concrete layer. They were derived by using the 
Chevron n-Layer computer program to analyze 80 pavement structures comprised of all 
possible combinations of layer thicknesses at the AASHO Road Test for those pavements 
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having 3, or more, inches of asphaltic concrete. Specific axle/tire arrangements were: 

1 2-t.ired steering axle, 
2. 4-tired single axle, 
3. 4-tired tandem axle group, 
4. 8-tired tandem axle group, 
5. 6-tired tridem axle group, 
6. 12-tired tridem axle group, 
7. 16-tired four-axle group, 
8. 20-tired five-axle group, and 
9. 24-tired six-axle group. 

Multiplicative factors have been developed to account for increased tire contact pressures 
that have been measured in the past three years (8). These relationships are based on 
theory. As a part of this study, load equivalency factors were developed for: 

10. 6-tired tandem axle group, and 
11. 10-tired tridem group. 

Table lA provides the format of the equation and the values for all equations for the 11 
combinations of tire/axle groups. Table lB provides the adjustment factors that have 
been developed to account for imbalanced loads between the two axles of a tandem and 
another set for imbalanced loads between the three axles of a tridem (8). The combined 
effect of the total group load and imbalanced load distribution between the axles within 
the group is the product of the load equivalency factor from Table lA and adjustment 
factor from Table lB. 

The AASHTO load equivalencies were developed from empirical data obtained 
from the Road Test. Figure 32 illustrates the comparison of load equivalency 
relationships for the steering axle and the 4-tired single axle at AASHTO serviceability 
levels of 2.0, 2.5, and 3.0. Figure 33 compares the 8-tired tandem axle group and 12-tired 
tridem axle group in a similar manner. It should be noted that tridem axle groups were 
not used on any trucks at the AASHO Road Test. For the 4-tired single axle, the 
Kentucky relationship agrees quite closely in the range of 12-kip to 30-kip axleloads 
employed at the AASHO Road Test. 

Figure 33 indicates more difference between Kentucky and AASHTO load 
equivalencies when the gross load on the assembly is assumed to be evenly distributed 
to all axles in that assembly. Analyses (8) of recorded tandem axleloads and tridem 
axleloads (8) indicated that approximately 10 to 12 percent of these assemblies do 
distribute the load evenly among the axles. Eighty eight to 90 percent do not distribute 
the load equally. Certain suspensions prohibit the loads from being equally distributed, 
particularly if the pavement profile is uneven. When uneven load distributions are taken 
into account, the Kentucky and AASHTO relationships agree quite well over the range 
of tandem axleloads (24-48 kips) used at the AASHO Road Test. 

Kentucky thickness design curves for rigid pavements are based upon the same 
design EAL used for flexible pavements. The reasoning was that only one set of load 
equivalencies would be calculated. The design thicknesses in other procedures should be 
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adjusted to reflect the adjusted design EAL. A hypothetical design EAL of 8 million for 
flexible pavements corresponded to approximately 14 million EAL in the AASHTO rigid 
pavement design method. The rigid pavement thickness assigned to 14 million EAL in 
the AASHTO method was assigned to a Kentucky design EAL of 8 million--both 
represent identical traffic conditions. 

Of the first 3,000 trucks passing over a Weigh-In-Motion scale at one Interstate 
site during 1989, data for 28 trucks were discarded for obviously incorrect data (such as 
0.3 feet between axles) and the remaining 2,972 were analyzed. Each truck was 
classified according to the FHWA Vehicle Classification scheme used as a part of the new 
FHWA Traffic Monitoring Guide. The recorded axleloads were used to calculate the 
AASHTO load equivalency for that axleload according to the appropriate one of three sets 
of relationships furnished in the 1986 AASHTO Design Guide for both flexible and rigid 
pavements. In addition, Kentucky load equivalencies were calculated for the same single 
axleload, for the gross load assuming equally loaded axles within tandem and tridem axle 
groups as appropriate, and using the individual recorded axleloads for the same group 
to obtain the multiplicative factor to account for uneven loading on those same axles. 
The calculated load equivalency for each axle group was recorded. After all 2,972 trucks 
had been analyzed, the load equivalencies were sorted according to axle location on each 
style of truck and then summed according to the respective axle assembly description-
steering, drive single, trailer single, drive tandem, trailer tandem, and trailer tridem 
(there were not any drive tridems in this group of trucks). The summations are 
presented in Table 2. 

Some observations are: 

1. The total load equivalencies for steering and single axles are nearly 
identical. 

2. Load equivalencies for rigid pavements for both tandems and tridems 
are nearly twice that for flexible pavements. Additional analyses 
will be necessary to explain the discrepancy. 

3. Assuming equally loaded axles within the axle assembly, the AASHTO 
method results in the total load equivalencies that are approximately 
23 percent higher than calculated using the Kentucky system. 

4. Accounting for the actual recorded axleloads, the AASHTO total is 
88.5 percent of the Kentucky total. 

5. Accounting for increased tire contact pressure of 105 psi as d:rer\ffi 
during the past three years combined with accounting for uneven load 
distributions and assuming 7.5 inches of asphaltic concrete, the total 
AASHTO load equivalency for flexible pavements is only 65 percent of 
the Kentucky total load equivalencies. 

6. Kentucky load equivalency relationships very nearly account for the 
designed fatigne life being consumed during the actual number of 
years the pavement was in service regardless of its location. 

The above analyses do not completely define relationships between Kentucky load 
equivalency factors and AASHTO load equivalency factors. Research Study KYHPR-92-
141, "Forecasting and Backcasting Axleloads for Pavement Design and Performance" has 
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been initiated to further define relationships between AASHTO and Kentucky load 
equivalency factors and the effect on pavement design requirements. 

IMPROVED TRAFFIC DATA 
Kentucky is implementing requirements contained in the FHWA Traffic 

Monitoring Guide. Prior to that, the Planning Division of the Kentucky Transportation 
Cabinet collected detailed traffic data for a number of years consisting of total vehicle 
volumes, manual vehicle classification counts, and loadometer studies. Data resulting 
from the new data collection efforts coupled with historical traffic data have been 
incorporated into a system to predict estimated EALs used in making pavement designs 
(9). These data have been used by Kentucky Transportation Center investigators in some 
instances in forensic studies of pavement failures. In one case, data analyses indicated 
the pavement should have failed one year sooner than it did. The new data collection 
procedures will improve upon the excellent data collection scheme already in place. 

DESIGN OF PAVEMENTS FOR LOW VOLUME ROADS 
The 1986 AASHTO Guide included a section on pavement design for low volume 

roads. The Kentucky procedure is applicable for design of pavements for as low as 7,300 
ESAL's. This is approximately one ESAL per day for a 20-year period. The 1986 Guide 
refers to low volume roads as those with ESAL's of 700,000 to 1,000,000 over the design 
life. Therefore, Kentucky pavement design procedures do not require specific adaptations 
for use on low volume roads. The AASHTO procedure for thickness design of aggregate 
surfaced roads may have some limited applications in Kentucky. The procedures 
presented in the 1986 AASHTO Guide do provide an alternative means of verifying 
design requirements for low volume roads and also provide a means for designing for 
reduced levels of serviceability and reliability. These concepts already have been 
implemented by the pavement design staff for design of detour pavements, shoulder 
pavements used to carry construction traffic, and other pavements where a reduced level 
of service or reliability may be accommodated. 

STATE OF THE KNOWLEDGE ON MECHANISTIC-EMPIRICAL DESIGN CONCEPTS 
Kentucky's 1981 pavement thickness design method is listed as reference 10 in 

Part IV (1) and recognized as one of three "mechanistic-design procedures." 
The 1948 and 1959 sets of pavement thickness design curves were based upon 

empirical observations and testing programs on pavements in Kentucky. The 1968 set 
of curves tied theoretical analyses based upon elastic theory and the use of the Chevron 
n-Layer computer program (10) to what was thought to be observed behavior. Analyses 
indicated that the empirical basis was not equal to pavement surface deflection as had 
been suspected, but was equal vertical compressive strain at the top of the subgrade for 
high volume roads and tensile strain at the bottom of the asphaltic concrete for farm-to
market roads. The concept was that Kentucky's farm-to-market roads usually had such 
poor geometries in terms of grades and curves that high speeds resulting in hydroplaning 
simply would not occur in most cases. The criterion was to let the subgrade rut but 
ensure that the asphaltic concrete remained as an entity. Conversely, for high volume 
roads such as Parkways and Interstates, the subgrade should not be allowed to rut in 
order to assure that hydroplaning would not occur because the subgrade moved out from 
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under the wheel paths. This did not provide assurance that rutting would not take place 
within the asphaltic concrete due to consolidation or shear flow. Potential consolidation 
is a function of construction control. Prevention of shear flow is a function of materials, 
mix design, and construction. Between the two extremes, a proportioning method was 
employed as a means of gradually transferring from one controlling criterion to the other. 

A major advancement in pavement design was achieved with publication of the 
1987 Kentucky thickness design curves (11). Some fine tuning is still needed and will 
depend upon collection of field data using both the Road Rater and a falling weight 
deflectometer. The advancement was application of the principals of work as defined by 
classical physics. It has the advantage of being able to easily convert laboratory test data 
to equivalent values based upon work, strain energy density, work strain, or work stress. 
Previous experience is incorporated into the method based upon work. The same 
thickness designs are obtained regardless of whether the tests are performed under 
strain control or stress control. Previous efforts to resolve results from these two test 
procedures failed (12). 

One advantage of basing pavement designs upon work is that the effects of shear 
are included whereas shear is not included in criteria based upon individual components 
of stress or strain. Pavement design methods incorporating some measure of mechanistic 
design are based upon the tensile strain at the bottom of the asphaltic concrete and/or 
vertical compressive strain at the top of the subgrade. This concept was the basis of the 
1968, 1971, 1977, and 1981 Kentucky thickness design curves. There is one serious flaw 
in the procedures. At the bottom of the asphaltic concrete, the tensile strain has the 
highest numerical values but the radial strain at the same point may have a numerical 
value that is nearly 80 percent of the tensile strain, yet is not included. 

If calculations are specified to be made at locations under the center of one load, 
shear has a value of zero. When superposition principals are used, additional loads may 
be employed to better approximate pavement behavior and shear will not be zero under 
the center of one of the loads due to the influence of nearby loads. Kentucky research 
(13) clearly indicates that the most sensitive position within the asphaltic concrete layer 
is the position under the edge of a dual tire closest to the adjacent tire. Shear at that 
location reaches its maximum value and helps to explain the shear flow seen in 
pavements that have been trenched across the lane. Work strain includes the effect of 
all components of strain and is of the same order of magnitude as any one component. 
Work strain is not a pure strain because the effects of Poisson's ratio cannot be canceled 
prior to taking the square root, but the effect of Poisson's ratio is minor. 

During the development of the 1968 Kentucky thickness design curves, a modulus 
of 25,000 psi was assigned to the dense graded aggregate (DGA) layer. The effects of 
using a constant modulus for DGA without regard to the influence of the subgrade were 
not noticeable until the modulus of the subgrade equalled and/or exceeded 25,000 psi. 
At that point, unusual behaviors were observed. The stiffness of an unbound material 
is based upon the stiffness of the layers above and below. For example, a crushed 
limestone may mobilize stiffnesses approaching the crushing force when confined between 
two thick steel plates. However, if the same crushed limestone material were placed on 
a thick soft rubber mat as was done in tests at Ohio State University, the potential 
stiffness of the limestone cannot begin to be reached. This reaction caused the Division 
of Research of the Kentucky Department of Highways to modify the 1968 Kentucky 
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thickness curves in 1971. At that time, an extensive effort (12) was expended to resolve 
the concept of thickness designs based upon either strain controlled tests or stress 
eentrelled tests. Effurts were not successful 

The principles of work were first applied during development of the rigid pavement 
thickness design curves. After completion of that effort in 1984 (14), principles of work 
were applied during development of flexible pavement design procedures. Only then 
were problems overcome for making data from stress, or strain, controlled tests 
compatible for use in pavement thickness designs. 

The same problem of using one value for stiffness of the base material has arisen 
in the 1986 AASHTO Design Guide (1). Data from these analyses are contained in 
Tables FF.1 and FF.2 (1). Those results were used in the development of values of stress 
state (sometimes referred to as bulk stress) used to obtain the appropriate value for K1 
as shown in Figures 7-11 in this report. The state of stress is defined as the sum of the 
three principal stresses. The test specimen is placed between two rigid heads. The test 
does not show the effects of the change in stresses when the material is placed on a softer 
medium. To confirm results, the Chevron n-Layer computer program was used to study 
the effects of a matrix of stiffnesses for the crushed stone layer and another matrix of 
stiffnesses for the subgrade layer for a constant pavement thickness of 6 inches of 
asphaltic concrete on 10 inches of crushed stone base material. Stiffnesses ranged from 
4,500 to 45,000 psi for the crushed stone and 4,500 to 15,000 psi for the subgrade. There 
were stiffnesses of the crushed stone layer that were not as high as the sub grade. The 
stress state of the unbound crushed stone layer must remain in a compression mode or 
the material will fall apart. Figure 34 shows that seven combinations of stiffnesses 
theoretically resulted in a net tension mode at the center of the stone layer. These 
coincided with a high ratio of stone to subgrade moduli. Figure 34 could hardly be used 
as a criterion for bulk stress or bulk strain. The same may be said about Figure 35 that 
displays the relationship between strain energy density and bulk stress. Figure 36 
indicates that the maximum modular ratio cannot exceed 4.5 or the stress state (or bulk 
state) will be in a tension mode. Figure 37 compares work stress to bulk stress and this 
relationship might be developed into a meaningful criterion. Figure 38 best shows the 
effect of a layer having less stiffness than the layers above and below. Note how the iso
subgrade-moduli lines cross each other. 

TIED CONCRETE SHOULDERS OR WIDENED LANES 
For plain jointed and jointed reinforced portland cement concrete pavements, the 

recommended range of 2.5 to 3.1 is given in Table 2.6 ( for the load transfer coefficient. 
"For jointed concrete pavements with dowels and tied shoulders, the value of J should 
be between 2.5 and 3.1 based on the agency's experience. The lower J-value for tied 
shoulders assumes traffic is not permitted to run on the shoulder." 

The 1988 ACPA computer program (15) was used to evaluate the effects of various 
values for J and results are shown in Figures 39-42 for 9-inch through 12-inch portland 
cement concrete pavements respectively. Note that the same CBR has been chosen and 
that the thickness of the pavement has been assigned a specific EAL. Figures 39, 40, 
and 42 show that approximately the same terminal serviceability is calculated for a fixed 
percent reliability. Figure 41 indicates a slightly larger terminal serviceability and may 
be more related to the EAL that may be higher than it should be for the CBR and 
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thickness. Even so, Figure 43 illustrates the results of averaging the terminal 
serviceabilities for Figures 39-42 for each respective combination of percent reliability 
and value of J. 

Observations indicate that for most of Kentucky's pavements having paved 
shoulders (asphalt or concrete), many trucks travel right on the edge of the pavement 
and quite often on the shoulder itself. Therefore, the recommended value for J is 3.1 for 
use in designing tied shoulders in Kentucky. 

Kentucky routinely uses tied concrete shoulders for all high type concrete 
pavement construction. The above analyses will enable the Division of Design to quantifY 
the potential benefits of tied concrete shoulder pavements. 

REHABILITATION 
Chapter 1, Part III (1) contains introductory discussions. Chapter 2 presents 

rehabilitation concepts and Figure 2.3 (1) contains a list of items to be considered in 
evaluating a pavement project for rehabilitation. Items to be evaluated include: 

1. Structural (pavement, not bridge) 
2. Function (highway functional class designation) 
3. Variation in conditions 
4. Climatic effects (edge drains) 
5. Pavement materials 
6. Subgrade 
7. Maintenance history 
8. Traffic control during construction 
9. Geometries and safety 
10. Traffic loadings 
11. Shoulder conditions 

Almost all items, if not all, are considered by the various Divisions within the 
Department of Highways for those subjects falling within their responsibilities. 

Non Destructive Testing (NDT) is recommended for evaluating an existing 
pavement. Kentucky's methods for NDT testing and evaluation are more advanced than 
those suggested in the Guide (1). 

Chapter 3 (1) is titled, "Guides for Field Data Collection." The recommended types 
of data collection activities are: 

1. Drainage survey 
2. Condition distress survey -- specific distresses are listed in Table 

3.2 for asphalt pavements and Tables 3.3 and 3.4 for rigid 
pavements. 

3. NDT deflection measurements 
a. In situ structural capacity 
b. Rigid pavement joint/load transfer analysis, and 
c. Rigid pavement slab-void detection. 

Note that pavement roughness and rideability surveys are not included. 
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Chapter 4 covers rehabilitation methods other than overlays. Tables 4.1 and 4.2 
(1) list candidate repairs and preventive methods for rigid and flexible pavement 
distresses, respectively. In summary, repair methods for items in Tables 4.1 and 4.2 
have been tried, or are in routine usage, in Kentucky. 

Chapter 5 (1) covers rehabilitation methods with overlays. Seven steps listed in 
the development of design input factors are: 

1. Analysis unit delineation 
2. Traffic analysis 
3. Materials and environmental study 
4. Effective structural capacity analysis 
5. Future overlay structural capacity analysis 
6. Remaining life factor determination, and 
7. Overlay 

The first five items above are a part of Kentucky's current procedures. 
Items 6 and 7 are combined as a part of the overlay design methodology, 

particularly for flexible pavements. The Kentucky method for overlay design thickness 
for flexible pavements is the difference between the structural capacity of the existing 
pavement and the required structural capacity to address future traffic and vehicle 
loadings. The 1986 AASHTO Guide references several approaches for overlay design 
including non-destructive pavement testing, the use of visual condition evaluation data, 
and the use of accumulated and projected traffic and vehicle loading data. The structural 
capacity of existing pavements in Kentucky currently is determined on the basis of 
deflection testing. Overlay thickness estimates are determined on the basis of an 
effective thickness approach wherein the effective thickness is determined from deflection 
tests. On thick overlays (greater than 2.5 inches), additional analyses are conducted on 
the basis of accumulated and projected traffic and visual condition surveys. For flexible 
overlays on rigid pavements, techniques listed are: 

1. Use of thick AC overlays -- this method is proposed "to minimize reflective 
cracking." Kentucky experience indicates increasing the thickness only 
delays the inevitable reflected crack. 

2. Break and seat approach -- Kentucky is recognized as a leader in this area. 
3. Saw cutting matching transverse joints in overlay 
4. Use of crack relief layers (special open-graded asphalt mixes) -- at least two 

overlay construction projects contain this technique. 
5. Stress-absorbing membrane inter layers with the overlay -- Kentucky has 

tried this procedure with varying degrees of success. 
6. Fabric membrane interlayers with the overlay. For this procedure, 

Kentucky experience indicates the method can be successful provided 
movement of the slabs is horizontal. Vertical differential movement at 
joints destroys (tears) the fabric. 

For rigid overlays on existing rigid pavements, the three types are full bond, partial bond, 
and unbonded. Kentucky has considered using each of these. To date, only one project 
of a concrete overlay nature has been constructed in Kentucky. This project involved 
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constructing a 9-inch PCC overlay over a 4-inch bituminous drainage and separation 
layer over an existing rubblized CRCP pavement. This is not an overlay in the classical 
sense in that it involved construction of a new concrete pavement over an existing CRCP 
pavement which was recycled inplace. 

In a section titled "Special Overlay Considerations, the following items are listed: 

1. Pavement widening 
2. Full lane additions 
3. Use of recycled materials 
4. Partial reconstruction/ grinding/milling 
5. Pre-overlay rehabilitation improvements: 

a. large patches to replace cracked areas 
b. full-depth repairs 
c. slab replacement 
d. tied PCC shoulders. 

Kentucky has tried, or utilized, the first four items as appropriate situations arise. For 
item 5, most of these activities usually are not considered except that tied concrete 
shoulders have been constructed on at least one project. For rigid pavements, actions 
listed under item 5 are not appropriate when crack and seat repairs are made. 

COMPARISON OF PAVEMENT THICKNESS DESIGNS 

Any new or different method for determining pavement thickness designs should 
be compared with those based upon experience. A comparison has been made using: 

1. 1981 Kentucky Thickness Design Curves, 
2. 1987 Kentucky Thickness Design Curves, and 
3. 1986 AASHTO Design Guide for serviceability levels of 3.5, 3.0, 

2.5, 2.0, and 1.5. 

The Kentucky thickness designs were converted to structural number, SN, using 0.44 and 
0.14 for coefficients a1 and a,., respectively. The comparisons are provided in Tables A1 
through A 7 in Appendix A of this report. 

For a given subgrade, the 1981 and 1987 Kentucky thickness design curves were 
superimposed on thickness design curves obtained for various degrees of reliability. This 
comparison was made for each of three values of subgrade (CBR 3, 6, 10 for Mr 2,078-, 
3,283-, and 4,598 psi, respectively) and three serviceability levels (P, of 2.0, 2.5, and 3.0) 
as shown in Figures B1-B9 of Appendix B of this report. Figure B10 contains the 1981 
and 1987 Kentucky thickness design curves for CBRs 3, 6, and 10 superimposed on a 
family of curves from the 1986 AASHTO design equation for P, 3.0 and 50-percent 
reliability. On some ends of the 1987 Kentucky curves, a segment may be at an angle 
different from the majority of the length of the curve and occur in areas of extrapolation 
beyond the data to which the curve was fitted. This phenomenon occurs because the 
curve was created using the Lagrangian curve-fitting routine. This procedure provides 
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a very good fit in the range of data points, but will diverge for zones of extrapolation -
as is the case here. Therefore, extrapolation areas should be viewed with caution and 

Appendix C contains figures on which the 1987 Kentucky design curve 
corresponding to CBR 5.2 has been superimposed on a family of percent reliability curves 
derived from the 1986 AASHTO Design equation. A Kentucky CBR 5.2 subgrade 
corresponds to a soil support value of 3.0 determined to represent the soils used at the 
AASHO Road Test. Each figure is for a specific serviceability level. Note that the 
Kentucky curve essentially parallels the family of percent reliability curves for 
serviceability levels of 1.5, 2.0, and 2.5. The Kentucky curve crosses slightly through the 
family of curves for P, of 3.0 and rather prominently through the curves for P, of 3.5. The 
change in pattern required verification that is provided in Appendix D. 

Appendix D contains figures similar to those in Appendix C. The weighted fatigue 
data of Appendix A of reference 2 and shown in Figures 25-29 in this report were used 
to verify the fit of curves shown in Appendix C. In addition, a straight-line log-log least
squares regression was fitted to the data. The same family of percent reliability curves 
from figures in Appendix C were superimposed also. Behavior noted in the figures of 
Appendix C were noted in the figures of Appendix D. For serviceability levels of 3.0 and 
3.5, a 50% reliability curve does not correspond to the least squares regression line 
through the same data from which the AASHTO design equation was derived. Therefore, 
the designer should use the 1986 AASHTO Design Guide with caution for pavement 
designs having serviceability levels above 2.5. 

The Division of Design requested a comparison of design thicknesses using an 
expanded set of EALs and a different combination of AASHTO layer coefficients than 
those used to create the tables in Appendix A. The additional Tables comparing 
thickness designs obtained from the 1981 Kentucky (5) and 1987 Kentucky (11) thickness 
design systems with those obtained using the 1988 ACPA computer program (15) are 
presented in Appendix E. Equations used to convert structural number, SN, to total 
thickness are presented in Appendix E. 

SUMMARY 

The primary purpose for this study is to evaluate the sensitivity of 14 variables 
that were included in the 1986 AASHTO Design Guide for Pavement Structures. States 
were encouraged to conduct further research to match conditions within the state. A few 
of these items were omitted from this study because they were covered under other 
studies, or were already addressed by other procedures in Kentucky design methods. 

Study findings are: 

1. Variations in percent reliability are quite large whereas the effects 
of variations in standard error are minimal. 

2. Use of the resilient modulus for soil support value or Kentucky CBR 
may be valid. Users should be aware of the differences in magnitudes 
and the interrelationships. 

3. Resilient modulus for the various flexible pavement layer 
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coefficients has not been defined sufficiently for use at this time. 
Values that have been used previously should continue to be used and 
may he modified to account for changes in moisture conditions. 

4. Perhaps drainage is the best defined innovation included in the 
guide. Field verification is needed prior to use. Permeability data 
may be the source of data to best define appropriate values. 

5. In the area of improved environmental considerations, the variation 
in subgrade moduli throughout the year has less effect than effects 
of pavement temperature upon the stiffness of the asphaltic concrete. 
The Guide does not include temperature effects. The next update to 
the Guide should include information relative to effects of 
temperature. 

6. Sensitivity analyses were made for the recommended range of values for 
the load transfer coefficient, J. Figure 43 illustrates the relationship 
between percent reliability, J, and terminal serviceability. Based on 
observations of where trucks travel within the outside lane, a value of 3.1 
is recommended for use in Kentucky. 

7. In the area of subbase erosion for rigid pavements, data presented 
in Table 54 (1) indicate that the volume of material pumped from 
under slabs at edges and joints appears to be a function of the 
number of individual axles passing over that spot and not the number 
of axle groups. A tandem axle group is similar to one application 
of load to the pavement for fatigue. A tandem affects joint pumping 
as the application of two loads to the pavement. 

8. Life cycle cost considerations are the subject of another research 
study and were omitted from this study. 

9. Pavement management was the subject of another study. 
10. Extension of load equivalency values has been investigated. The same 

equation was used to develop factors for higher loads, a level of 
serviceability of 3.0, and for tridem axle groups by the insertion of a value 
of 3 for L •. No relationship has been included to account for unequal load 
distribution between the individual axles within the group. Loadometer 
data and WIM data indicate that only 12 percent of all tandems and 
tridems distribute the load equally to all axles within a group. No factors 
are included to account for changes in contact pressures at the tire
pavement interface. Relationships have been developed in Kentucky for 
these variables and they have been used to verify the time of pavement 
failures during forensic studies. Load equivalency factors have been 
developed to account for a two-tired axle within a group of axles, each 
having four tires. 

11. The Planning Division employees have been collecting data for many 
years using a traffic data collection plan. With implementation of 
the FHWA Traffic Monitoring Guide, these collection efforts will 
result in more comprehensive data--especially with the incorporation 
of WIM equipment. 
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12. No effort has been made to investigate the design of pavements for low 
volume roads because Kentucky's design curves have always extended to 
a dBsign EA.L of 7,300--the equivalent of one pass of an 18-kip axleload per 
day for 20 years. The 1986 AASHTO Guide has a limiting minimum value 
of 50,000 EAL. The 1986 AASHTO Guide also refers to low volume roads 
as those with ESAL;s of 700,000 to 1,000,000 over the design life. These 
design levels are well within the range of the Kentucky design curves. 

13. The application of mechanistic principals has been the foundation 
for Kentucky pavement thickness design curves since 1968 and is 
recognized as such in Part III (1). Other design systems based on 
mechanistic principals are Shell Oil, Mobil Oil, The Asphalt Institute, 
Illinois, and Texas. 

14. Almost all rehabilitation methods and procedures listed in the Guide (1) are 
being used by Kentucky Department of Highways. Those not used have 
been replaced by methods that better fit Kentucky conditions, or have been 
tried but found to be unsuccessful, or not economical. Roughness surveys 
have been used by Kentucky DOH for years but this type of survey is not 
mentioned in the 1986 Guide (1). 

In summary, there are variables introduced in the Guide that require additional 
research and verification for application to individual states. A portion of the required 
research currently is being done for Kentucky conditions under other studies. 

RECOMMENDATIONS 

Recommended courses of action are: 
1. The Kentucky Department of Highways should continue to use the 

Kentucky thickness design curves that have been developed and correlated 
to Kentucky conditions. 

2. The 1986 AASHTO Guide may be used to: 
a. compare thickness designs using materials that might be different from 
the usual materials for which the Kentucky design curves are applicable. 
b. to quantify the effects of changing levels of reliability, standard 
deviation, seviceability, etc. 
c. to provide a mechanism for adjusting thickness designs to address other 
special situations, etc. 

The following items need further sensitivity analyses. 
1. Additional research to define moduli of base materials. 
2. Further advancements in the mechanistic approach are needed for both 

AASHTO AND Kentucky methods. Topics include: 

AASHTO Method: 
a. The Structural Number concept can be improved by developing 
relationships for layer coefficients as a function of thickness of other layers 
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and work at the top of the subgrade. Graphs of fatigue versus structural 
number for AASHO Road Test data indicate that the scatter in structural 
rmmb!lr c�m be reduced to approximately 10 to 15 percent ofthe original 
scatter based on modification of coefficients based on work at the top of the 
sub grade. 
b. Straight line log-log regression equations fit the AASHO Road Test data 
better than the AASHTO equations used for thickness designs. 

Kentucky Method: 
a. The first required modification is to develop moduli relationships for 
various combinations of materials when supported by analyses of test data. 
Field deflection test data are being obtained under study KYHPR-86-115. 
These tests will provide the data required to develop some of the above 
relationships. 

b. Other modifications may be made such as developing relationships to 
apply reliability concepts to the methodology. 

c. The methodology may be altered to provide the capability of determining 
a thickness design for any desired proportion of asphaltic concrete to 
crushed stone, or a multi-layer approach. 
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Figure 25 . Fatigue Data From AASHO Road Test for Pt = 3 . 5  (Appendix A ,  
Reference 1) with Kentucky and AASHTO Design Curves Superimposed. 
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Figure 28 . Fatigue Data From AASHO Road Test for Pt = 2 . 0  (Appendix A ,  
Reference 1 )  with Kentucky and AASHTO Design Curves Superimposed. 
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Figure 3 6 .  Comparison o f  Modular Ratio to Bulk Stress for Various 
Combinations of Base and Subgrade Moduli .  
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TABLE 1A. KENTUCKY LOAD EQUIVALENCY EQUATIONS 

LEF ,. 10<POWElll 

WHERE LEF = LOAD EQUIVALENCY FACTOR 
POWER = A + B(X) + C(X)2 

X = log(LOAD) 
LOAD = KIPS 

A, B, C = CONSTANTS GIVEN BELOW 

TIRE AND AXLE 
CONFIGURATION 

TWO· TIRED 
STEERING 

FOUR-TIRED 
SINGLE REAR 

FOUR-TIRED 
TANDEM 

. SIX-TIRED 
TANDEM 

EIGHT-TIRED 
TANDEM AXLES 

SIX-TIRED 
TRIDEM 

TEN· TIRED 
TRIDEM 

TWELVE-TIRED 
TRIDEM AXLES 

SIXTEEN TIRE 
QUAD AXLES 

A 

·3.5401 1 2  

·3.439501 

·7.4768139 

·7.0425153 

·2.979479 

·8.9876095 

·8.3649958 

·2.740987 

-2.589482 

COEFFICIENTS 
B 

2.728860 

0.423747 

7.31958101 

5.64606809 

·1 .265144 

8.1 1 598341 

5.94259543 

· 1 .873428 

·2.224981 

NOTE: TOTAL EFFECT OF AXLELOAD = LEF(from Table 1A) x AF(from Table 1 B) 

6 4  

c 

0.289133 

1 .846657 

·1 .5377459 

-0.51 945722 

2.007989 

·1 .65068463 

·0.56377024 

1 .964442 

1 .923512 



TABLE 1 B. ADJUSTMENT FACTORS TO ACCOUNT FOR UNEVEN LOADING IN AXLE GROUP 

AF = 1 Q(EXPONENT) 

WHERE AF = ADJUSTMENT FACTOR FOR UNEVEN LOAD DISTRIBUTION 
WITHIN AXLE GROUP 

NOTE: AF = 1 FOR EVEN LOAD DISTRIBUTION WITHIN AXLE GROUP 
EXPONENT = A +  B(X) + C(X)2 

X = 1 OO(MAX - MIN) I (TOTAL GROUP LOAD) 
MAX = LARGEST INDIVIDUAL AXLELOAD IN GROUP 
MIN = LEAST INDIVIDUAL AXLELOAD IN GROUP 

A, B, C = CONSTANTS GIVEN BELOW 

UNEVEN LOAD A 

TANDEM 0.00186354 

TRIDEM -0.1 984291 

COEFFICIENTS 
B 

0.02421 889 

1 .20191 282 

NOTE: TOTAL EFFECT OF AXLELOAD = LEF(from Table 1 A) x AF(from Table 1 B) 

6 5  

c 

-9.06996E-05 

-0.174635324 



TABLE 2. COMPARISON OF KEN'T\JCKY AND AASHTO LOAD EQUIVALENCY 
RELATIONSHIPS USING THE SAME TRUCK TRAFFIC 

KENl\JCKY KY 18-KIP EAL 
KENl\JCKY �DJUSTMENT INCLUDING LOA!: 

NO. OF 18-KJP EAL FACTOR FOR AND TIRE 
AXLES OR LOADING TIRE PRESSURE 

DESCRIPTION GROUPS EVEN UNEVEN PRESSURE EVEN UNEVEN 

STEERING 2,972 422.1 0  422.1 0  1 .8 759.78 759.78 
SINGLE 1,247 350.21 350.21 1.4 490.30 490.30 
DRIVE TANDEM 2,304 1,322.96 1,662.15 1.3 1 ,719.85 2,160.80 
TRAILER TANDEM 1 ,735 906.93 1,364.90 1.3 1,179.01 1 ,774.37 
TRIDEM 102 1 14.40 533.34 1.3 148.73 693.35 

TOTALEAL• 8,378 3,1 16.61 4,332.71 4,297.65 5,878.60 

EALJTRUCK · 1.049 1 .458 1 .446 1.978 

AASHTO/KY - W/0 ADJUSTING FOR TIRE PRESSURE 
EVEN LOADING 
UNEVEN LOADING 

AASHTO/KY - ADJUSTING FOR TIRE PRESSURE 
EVEN LOADING 
UNEVEN LOADING 

2o-YR DESIGN LIFE REDUCED TO EQUIVALENT NO. OF YEARS 
TO ACCOUNT FOR LOAD AND TIRE PRESSURE EFFECTS 

EVEN LOADING 
UNEVEN LOADING 

TRUCK TRAFFIC DATA 

NO. AXLES NO. 
PER GROUP AXLES 

STEERING 2, 972 2,972 
SINGLE 1 ,247. 1 ,247 
DRIVE TANDEI 2,304 4,608 
TRAILER TAN[ 1 ,753 3,506 
TRIDEM 102 306 

TOTAL AXLES 12,639 

SUMMARY DATA 

TOTAL NUMBEROF TRUCKS 2,972 
TOTAL NUMBER OF AXLES 1 2,639 
NUMBER OF AXLES PER TRUCK 4.253 
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AASHTO EAL 
FLEXIBLE RIGID 

166.57 202.04 
335.16 349.26 

1,880.65 3,453.62 
1.268.44 2,264.38 

183.50 465.71 

3,834.31 6, 755.01 

1 .290 2.273 

1 .230 2.167 
0.885 1.559 

0.892 1.572 
0.652 1 .149 

17.64 31.44 
1 3.05 22.98 
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TAILI Al· l . AC PAYIBIIT TBICII!SS IISIGIS US11G 1!11  l!ITDCll t!S1GI CDIYIS. 

· · · · · · · · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -:::e:::::::::- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - · ··-�-
TOTAL PAYIIIIT TBICli!SS DIS ICI, IICBIS • •  AC TBICIIISS : 331 01  TOTAL DISICI tBICII!SS 
-------·····- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - ----·······-

m 
: - - - - - - - ---- - - - - - ------ - - - - - - ---- - - --- - - - - - ----- - - - - - - - - - - - - - - - - - - - - - -- --- - - - --- - - - - - - - - - -

IAL I 
2 3 4 I 6 8 9 1 0  I I  I 

---------------------------·-------------------------------------------------------------------------
10000 1 3 . 1 1  1 1 .92 1 0 . 6  9 .  1 1 . 6 1  7 . 9  7 . 2 1  6 . 6  6 

40000 1 7 . 2 1  1 1 . 1  1 4 . 2 1  1 3 . 2  1 2 . 2  1 1 . 1  1 0 . 8 1  1 0 . 1 8  9 .  6 9 .01  

100000 1 9 .31  1 7 . 1  16 .42 1 1 . 3 5  14 .38 1 3 . 6  1 2 . 9 1  1 2 . 2 1  1 1 .68  1 1 . 1  

400000 22.25  2 0 . 94 19  . II 1 8 . 4  1 7 . 4 5  1 6 . 6  1 1 . 9  1 1 . 21 1 4 . 6 1  1 4 . 1  

1000000 2 4 . 8  2 3 . 1 2  2 1 . 6  2 0 . 1  1 9 . 1  1 8 . 6  1 7 . 8  1 1 . 2  1 6 . !  1 6 . 05 

4DOOOOO 2 8 . 9  2 6 . 8  2 1 . 2  2 3 . 9  22.8  2 1 . 8 1  2 1 .01  20 .4  1 9 . 7 1  1 9 . 2  

1 0000000 32 .4  2 9 . 9  2 1 . 2  2 6 . 7 1  2 4 . 6  2 4 . 5 1  2 3 . 7  2 3  2 2 . 3  2 1 . 1 5  

40000000 34.2  32 .45  31 2 9 . 1 5  29 .05  2 8 . 1  27.36  26. 1 

- · - · - - - - - - - - - - - - - - - - - - - - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · - · · · · · · · · · · · · · · · · · · - · · · · · · · · · · · · · · · · · · · · · ·  

TOTAL P!V!!!MT TBICIHESS DESICHS, IMCBES • •  !C TBIClHESS : 101 0! TOTAL DESICJ TBICIHESS 
· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · · · · · ·  

m 
: - - - - --- - - - - - ---- - - - - - - - - - - - - --- - - - - - - - - --- - - - - - - - - - - - - - - - --- - - - - --- - - - --- - - --- - - - - - - - - - - -

UL I 
2 3 4 I ' 1 8 9 1 0  I I  ' 

- - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · - · · · · · · - - - - - · · · · · - - - - - - - - -
10000 9 . 5  8 . 4 1  7 . 11 1 6 . 35 1 . 1 5  1 . 4 1  1 . 1  4 . 7  4 . 3  

40000 1 2 . 1  1 1 . 6  I D . I I  9 .  9 9 .  2 8 . 71 8 .  3 7 .  8 7 . 5  1 . 1  

100000 1 4 . 1  1 3 . 4  1 2 . 4 1  1 1 . 7  I I  1 0 . 4 5  1 0  9 . 1  9 . 1 1  1 . 7 1  

400000 1 7 . 11 lUI I I . !  I 1 4 . 35 1 3 . 6  1 3  1 2 . 1  1 2  1 1 . 6 1  1 1 . 2 1  

1000000 1 9 . 8  1 8 . 1  1 1  1 6 . 11 1 1 .4 1 4 . 7 1  1 4 . 2 1  1 3 . !  1 3 . 3  1 2 . 9  

4000000 2 3 . 3 1  2 1 . 4 1  20.21  1 9 . 2  1 8 . 4 1  1 7 . 1 5  1 7 . 2 1 6 . 6 1  1 6 . 2  1 1 . 8 1  

10000000 2 6 . 1  24 . 11 22 .11  2 1 . 1  20 . 9  20 . 2  1 9 . 4  1 8 . 9 1  18 .4  18  

40000000 2 7 . 8 1  2 6 . 6  2 1 . 6  2 4 . 7 1  2 4 .  I 2 3 . 3  2 2 . 8  2 2 . 3  
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