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ABSTRACT 

Inflation pressure is analyzed as to its effect on several factors 

that may lead to pavement failure: tensile stress at the bottom of the 

surface layer, shear stress in the surface layer, and compressive strain 

at the top of the subgrade. The University of Arizona Design Method is 

employed, and the Chevron n-layer computer program is used to calculate 

stresses and strains. A survey of local trucking companies indicated 

that radial tires are increasingly popular, and that there is a trend 

toward higher inflation pressure than the 70 psi used in most pavement 

design methods. Analysis of the calculations showed that inflation 

pressure has a strong influence on tensile stress at the bottom of the 

surface layer, and on shear stress in the surface layer, especially in 

pavement with a thin surface layer. But inflation pressure has no sig

nificant influence on compressive strain at the top of the subgrade. 
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CHAPTER 1 

INTRODUCTION 

There are two types of flexible pavement design methods: em

pirical and analytical. Empirical design method is based on trial and 

error. For example, if an agency has built a road for given traffic 

and subgrade conditions, and the agency states that this road has not 

failed after a certain period of use, it establishes a performance-

design correlation. But there are many problems with this type of 

design, because there is a lack of precise and quantitative descrip

tions of what constitutes highway pavement failure; and there is dis

agreement on how to incorporate environmental and traffic effects into 

such a subjective design. 

Analytical design method, by contrast, mathematically relates 

stresses and strains generated in the pavement to different modes of 

failure. This design method sums up the mixed traffic that the road 

will carry during its design life, using axle load equivalencies, in 

order to predict the effects of traffic on pavement stresses and 

strains. This method also takes into account the carrying capacity of 

the pavement. The main factors considered in the analytical design 

method are Young's modulus, Poisson's ratio, traffic characteristics, 

and the thickness of each pavement layer. Tire pressure, load, en

vironmental conditions, and the cost aspects of the design are also 

taken into account. 

1  
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Complete information on inflation pressure and tire load 

values, as well as their effects on pavement, are not available for 

the analytical design method, since standard design methods are used 

in the design of flexible highway pavement. Standard design methods 

use only a fixed value of inflation pressure. For example, the Ken

tucky Method uses 80 psi (552 kPa)* (lj; and the Asphalt Institute 

uses 70 psi (483 kPa) (2J. Most of the assumptions used in these 

design methods are based on the AASHO road test findings (^). The 

value of 70 psi (483 kPa) used for the AASHO road test was selected 

according to the trend in inflation pressure at the time of the test; 

but this value of inflation pressure has changed with time, as ve

hicle characteristics have changed. Vehicles have become bigger, arid 

the axle load has increased. Tire inflation pressure is controlled 

generally by the allowable load per inch of width of tire. 

The objectives of this study were to analyze current trends in 

tire inflation pressure from data gathered by local survey, and to de

termine the effects of these pressures on stresses and strains in vari

ous three-layer flexible pavement structures. The University of 

Arizona Design Method, an analytical method, was used for this study. 

Stresses and strains in pavement structures were calculated, utilizing 

the Chevron n-layers computer program. The effects of these stresses 

and strains on pavement failures due to fatigue cracking and rutting 

were considered. 

* 1 Kip = 4.48 KN; 1 psi = 6.895 kPa 



CHAPTER 2 

LITERATURE SURVEY 

In this chapter the findings of researchers who have studied 

the effects of inflation pressure on pavement stresses and strains 

will be described. Some pertinent findings of these studies will be 

mentioned. 

In 1962 A. C. Whiffin and N. W. Lister (4) investigated the 

effects of inflation pressure on vertical compressive stresses in the 

subgrade. In this study they utilized elastic theory, A Cum and Fox 

conditions, inflation pressures of 30-100 psi (207-690 kPa) and 

axleloadsof 1535-2175 lbs. (6.83-9.67 KN). They concluded that this 

particular stress increased with an increase in inflation pressure. 

E. J. Yoder and M. W. Witczak (5) reported the effects of inflation 

pressure on vertical stresses, using an axle load of 8 Kip (35.6 KN), 

and two inflation pressures: 100 psi (690 kPa) and 200 psi (1380 kPa). 

They concluded that inflation pressure did have an influence of ver

tical stresses, but mainly in the upper layers. 

It is only recently that studies of effects of inflation pres

sure on fatigue cracking and rutting have been made. One of the first 

to carry out such a study was Paterson (6j, using multilayer elastic 

analysis. He studied the effects of increasing tire pressure for a 

range of 58-116 psi (400-800 kPa) on various failure mechanisms for 

many pavement structures. These failure mechanisms included fatigue 

3 



4  

in the asphalt-bound layer and rutting due to subgrade deformation. 

Paterson concluded that increasing inflation pressure has the strongest 

effect on thin asphalt-bound surface layers. C. L. Monismith, N. 

Markevich and R. Yuce (7J did a similar study, in which they examined 

the effects of a range of inflation pressure from 100 psi (690 kPa) 

to 150 psi (1034 kPa) on different full-depth and four-layer asphalt 

pavements, using elastic theory. Their conclusion was that fatigue 

cracking and rutting increase with an increase in inflation pressure, 

but that this effect is more severe in thin asphalt-bound surface 

layers, and less severe in thick asphalt layers. 

Concern over the effects of inflation pressure on pavement 

design is not limited to the United States, but is prevalent inter

nationally. A road research group of the Organisation for Economic 

Co-operation and Development (0ECD) (8) recently stated that infla

tion pressure has a direct effect on pavement failure. They expressed 

concern that, even though there are some regulations concerning allow

able tire pressure, those that exist appear to be inspired more by 

safety considerations than by concern for pavement damage. 

This literature survey is relatively short, due to the fact 

that only recently have researchers been interested in the effect of 

inflation pressure on fatigue cracking and rutting; and only a few 

publications are available. 



CHAPTER 3 

WORK PLAN RELATED OBJECTIVES 

Here a local survey on tire utilization and inflation pressure 

will be introduced. Then, the method of calculation of the effects of 

inflation pressure on stresses and strains will be explained and fa

tigue cracking and rutting will be defined. In addition the variables 

will be discussed. 

Questionnaire 

The purpose of the questionnaire survey was to determine local 

trends in inflation pressure and axle load. The questionnaire was dis

tributed to local trucking companies (see Appendix for sample question

naire). To ensure a good return rate, the questionnaires were taken 

personally to the companies and were filled out in the author's 

presence as often as possible. The respondents were told that the 

information they provided would be identified only in a general way, 

so that confidentiality could be assured. 

The questionnaire format was as follows: the respondent was 

first asked to fill in his or her name, position, and the name of the 

company. 

Question 1 asked whether the company checked the inflation 

pressure on its vehicles. If the answer was positive, the respondent 

was asked if his company checked the pressure cold or warm, since 

5  
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air expansion due to higher temperature results in higher pressure. 

The average air pressure was also asked. It was assumed that the 

pressure given would be an average for all tires. The question was 

asked this way to simplify the answer, because the manager of the 

company was not expected to be much informed about differences in 

inflation pressure for each type of axle; therefore the result was 

an average value for every tire and every axle. 

Question 2 asked for the average load placed on the front axle. 

Because inflation pressure is a function of the maximum allowable load, 

information about the load will give a good idea of the real inflation 

pressure used. This is a means of checking on the information given 

by the respondent concerning inflation pressure used by the company. 

The load on the front axle was asked because from the literature survey 

it was found that the front axle was a single axle carrying single 

tires, and that the load on each tire was higher. 

Question 3 inquired about tires: preferred tire size, number 

of plies, and bias (to determine whether they used radial or bias 

tires). The structural difference between radial tires and bias tires 

has important effects. On a radial tire the steel belt reinforcement 

is placed on the radius of the tire, and so goes all around the tire. 

On a bias tire the steel reinforcement is placed only on the outside. 

The result is that bias tires have more fluctuation at the surface of 

contact with the pavement, which produces more heat due to greater 

rolling resistance. As a consequence, bias tires wear out much more 

quickly, and increase the vehicle's fuel consumption. With radial 

tires, on the other hand, the rolling surface has more strength due 
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to the steel belt reinforcement, with deformation taking place on the 

side walls; therefore there is less rolling resistance. Thus radial 

tires have a longer life and also save fuel. The ply information was 

also important, because the larger the number of plies, the stronger 

the tire is and the higher the inflation pressure can be. 

Question 4 asked whether the respondents have noticed a ten

dency toward increased use of radial tires. Radial tires, because of 

their structural strength, allow a higher inflation pressure and there

fore allow a truck to carry a greater load. 

Question 5 inquired as to whether the respondents have noticed 

a trend toward higher inflation pressure. This question is important 

for selecting the upper value of inflation pressure for our study, and 

to select a recommended value of inflation pressure for future pavement 

design. 

Question 6 asked for suggestions of where to go in order to 

obtain more information for this investigation. 

Calculations 

The University of Arizona Design Method was used for this study. 

The failure mechanisms used to monitor the performance of the pavement 

were fatigue cracking and rutting due to subgrade failure. 

Fatigue Criteria 

Fatigue cracking is a mode of failure due mostly to tensile 

stress in the first asphalt-bound layer for an asphalt pavement. This 

is the way that fatigue will be considered for purposes of this study; 
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but a broader definition would be: "Fatigue is the phenomenon of 

repetitive load-induced cracking due to a repeated stress or strain 

level below the ultimate strength of the material" (5). 

The general equation for fatigue is assumed to be: 

= aN"b (1) 

where N is the number of repetitions of stress to the point of failure, 

and the values of a and b are 1800 and .200 respectively, as used by 

Jimenez (£) for The University of Arizona Design Method. The tensile 

strain is commonly used in pavement design method, but in this method 

tensile stress rather than tensile strain is used, because "the tensile 

stress in the interface is dependent primarily on the ratio of moduli, 

Kj, rather than on the absolute value of Ej and E2'1 (9). 

Rutting Criteria 

Rutting, or permanent deformation, is the manifestation of two 

different mechanisms: it is a combination of densification, which is 

characterized by volume change, and repetitive shear deformation, char

acterized by plastic flow with no volume change (5). In this study 

rutting will be controlled by limiting the compressive strain at the 

top of the subgrade as well as the shear stress in the bottom of the 

surface course. The general equation for rutting due to compressive 

strain at the top of the subgrade used in The University of Arizona 

Design Method is: 

£ c = aN_b (2) 

/ 
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where N is the number of strain applications to reach failure, and 

a and b are given a value of .0105 and .2 respectively (9) for The 

University of Arizona Design Method. 

Multilayered elastic theory is used to compute structural 

response. The assumptions of this theory, as stated by Yoder and 

Witczak (5) are: 

1. The material properties of each layer are 
homogeneous; that is, the properties are the same 
everywhere in the layer. 

2. Each layer has a finite thickness except for 
the subgrade, and all are infinite in the lateral 
direction. 

3. Each layer is isotropic; that is, the proper
ty at a specific point is the same in every direction 
or orientation. 

4. Full friction is developed between layers at 
each interface. 

5. Surface shearing forces are not present at 
the surface. 

6. The stress and strain solutions are character
ized by two material properties for each layer, elas
tic modulus Ej, and Poisson's ratio aj. (5) 

One must remark here that statement 5 is not entirely correct, since 

surface shearing force does exist at the surface, directly under the 

tire. 

The compressive strain at the top of the subgrade, the tensile 

stress at the bottom of the asphalt-bound layer, and shear stress in 

the asphalt layer were calculated using the Chevron computer program 

available at The University of Arizona. Computation using the Chevron 
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n-layers requires the following input: axle load, thickness of the 

asphalt surface layer (hj) and the granular base (h^)> the elastic 

modulus of each layer (E), and Poisson's ratio of each layer, as well 

as the coordinates of the selected point of calculation of stresses 

and strains according to its relative position from the center of the 

contact surface of the wheel. 

Variables 

The value of the variables used in this study were generally 

selected according to The University of Arizona Design Method, but 

the value of some variables was modified to suit this study. 

Elastic Modulus. Two values were selected for the asphalt 

elastic modulus (E^) for the surface layer: 100,000 psi (690 mPa) and 

200,000 psi (1380 mPa). A fixed value was selected for the granular 

base elastic modulus (Eg), 20,000 psi (138 mPa). These values were 

selected from a review of the literature where Ej = 200,000 psi 

(1380 mPa) and Eg = 20,000 psi (138 mPa) were described as typical 

values for modulus of surface layer and modulus of the base; this 

gives us a limiting value for E^/Eg = of 10. Three values were 

selected for the subgrade elastic modulus: 4,000 psi (28 mPa), 8,000 

psi (56 mPa), and 12,000 psi (84 mPa) following a review of the liter

ature, and in order to keep the ratio Eg/Eg = Kg between 1.5 and 5. 

The values of Ej and Eg vary in order to take into account the en

vironmental conditions. 

Poisson's Ratio. The Poisson's ratio of the asphaltic concrete 

(xij) was selected to be .35; the Poisson's ratio of the granular base 
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(jl^) was selected to be .45, and that for the subgrade (xig) was 

selected to be .5 from the review of the literature, which considers 

these as typical values. 

Load. The load on a single tire was chosen to be 8 Kip (36 KN), 

that is, 16 Kip (72 KN) per axle, which was the design load selected 

from the questionnaire's results. 

Inflation Pressure. The inflation pressures of 105 psi (724 

kPa), 130 psi (896 kPa), and 150 psi (1034 kPa) were also selected 

from the survey results. 

Thickness of Layers. For this study the thickness of the 

asphalt layer (hj) had three values: 3 in.(7.62 cm), 6 in. (15.24 cm), 

and 9 in. (22.86 cm). The thickness of the granular base layer had 

two values: 6 in. (15.24 cm) and 10 in. (25.4 cm). 

Pavement Structures. The material characteristics of the 

pavement layers and their thicknesses will be combined to form several 

three-layer pavement structures. For a list of selected pavement 

structures and selected variables, see Table 1. See Figure 1 for 

pavement cross sections used in this study. The surface course is 

asphalt concrete; the second layer, or base, is built from granular 

material; and the third layer, or subgrade, is formed from the native 

soil. 
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CHAPTER 4 

ANALYSIS OF THE QUESTIONNAIRE 

The questionnaire will be analyzed, with each question being 

examined individually. 

Out of twenty companies surveyed, fifteen companies' officers 

(or 75 percent) filled out the questionnaire in the presence of the 

author, or sent it back to him. One should point out that the ques

tionnaires were mainly filled out by the manager of each company. 

The results were as follows: 

Question 1. Out of fifteen questionnaires returned, thirteen 

trucking companies (or 87 percent) said that they measure inflation 

pressure on a regular basis themselves. Among those thirteen, twelve 

(or 80 percent) of the questionnaires returned said that they measure 

inflation pressure cold; one (or 6.7 percent) said that the company 

measured it warm. The distribution of cold measured inflation pressure 

can be seen in Figure 2. The mean inflation pressure was 86 psi (620 

kPa) for those measured cold. But one should not forget that the real 

utilized pressure—that is, when the truck is in use—will be higher 

by about 15 percent (10); the increase in pressure will be a function 

of the duration of vehicle use from a cold state. The company that 

measures inflation pressure warm had an inflation pressure of 90 psi 

(670 kPa). The 85 percentile is selected as design inflation pressure 

14 
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and the value was 90 psi with an increase of 15 percent because it is 

measured cold. The real inflation pressure was 104 psi (717 kPa). 

In talking with many drivers, who did not fill out the ques

tionnaire, pertinent information was revealed that supplements the 

information provided in the questionnaires. Most of them were in

dependent drivers, owning their own tractors and pulling only the 

trucking company's trailers. It was found that the drivers, once on 

the road, use a higher inflation pressure in the trailer's tires, be

cause with a higher inflation pressure the tire has less friction with 

the pavement and therefore less resistance to motion. The result is 

that the drivers save some money on fuel; but this practice is detri

mental for the tires because the wear rate is accelerated (11). This 

shows that the inflation pressure found from the questionnaire will be 

low compared to the utilized one. Taking 105, 130 and 150 psi (724, 

896 and 1034 kPa) as input data for this study was therefore justified 

in order to encompass the real values of inflation pressures used by 

the companies surveyed. 

Question 2. Out of fifteen questionnaires returned, eleven 

gave some information concerning the average load on the front axle. 

The average load ranged between 9 and 19 Kip (40 - 86 KN), with a 

mean of 14 Kip (62.3 KN). The 85 percentile which resulted was an av

erage value for every tire and every axle. 

Question 3. Nine of the fifteen companies that responded (or 

66 percent) used radial tires, and the only type used was an 11-24.5 

size tire. Four (or 27 percent) used bias tires, with the most popular 



tire type being the 10-20 bias tire. And one company (or 7 percent) 

used both bias and radial tires equally on its fleet. One can there

fore suggest that a larger number of radial tires are used by trucking 

companies than bias tires, with all of the advantages and consequences 

described in Chapter 3. 

Question 4. Four respondents (or 27 percent) stated that they 

noticed no tendency for increasing use of radial tires; while eleven 

(or 73 percent) said that they did notice such an increase. The re

sponse to this question reinforces the conclusion drawn above in Ques

tion 3 regarding increased use of radial tires. 

Question 5. Eleven respondents (or 73 percent) did not notice 

a trend toward use of higher inflation pressure; while 4 (or 27 percent) 

did feel that there is such a trend. One should keep in mind, here 

again, that the questionnaire was generally filled out by the manager 

of the trucking company questioned, and that they probably responded 

in accordance with company policy, but not necessarily according to 

actual conditions of operation. 

Question 6. The Department of Public Safety was contacted by 

the author. From this communication it appears that there is no offi

cial policy in Arizona about inflation pressure; the only recommenda

tion that the truck drivers get is from the trucks and tire 

manufacturers. 

It can be seen from this survey that locally trucks use more 

radial tires than bias tires, and that the recommended inflation pres

sure to be used in design should be 105 psi (724 kPa). 



CHAPTER 5 

ANALYSIS OF CALCULATION RESULTS 

In this chapter the result of the effects of inflation pressure 

on tensile stress at the bottom of the surface layer (or fatigue), and 

shear stress at the bottom of the surface layer and compressive strain 

at the top of the subgrade (or rutting) for different types of pavement 

structures will be analyzed. In addition a design example is presented 

to illustrate the importance of anticipating inflation pressure when 

planning the thickness of the surface layer. A thin asphalt layer is 

defined as being 3 inches thick; a thick asphalt layer is defined as 

being 9 inches thick; a thin base is defined as being 6 inches thick; 

and a thick base is defined as being 10 inches thick. 

Tensile Stress at the Bottom of the Surface Layer 

Results of the analysis of tensile stress at the bottom of 

thin and thick surface layers are presented here, considering the 

effects of both thin and thick bases. 

Tensile Stress at the Bottom of a Thin Surface Layer 
with a Thin Base 

The observations below are drawn from information presented 

in Table 2 and Figure 3. One can see that the tensile stress at the 

bottom of the asphalt layer decreases with increasing surface modulus. 

For Ej = 200,000 psi (1380 mPa), the increase between the tensile 

18 



Table 2. Effects of inflation pressure on tensile stress (psi) at the bottom of the asphalt surface layer 
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stress at the bottom of the surface layer of a pavement with a subgrade 

of 12,000 psi (84 mPa) and a pavement with a subgrade of 4,000 psi 

(28 mPa) is 14 percent for an inflation pressure of 105 psi (724 kPa), 

12 percent for an inflation pressure of 130 psi (896 kPa), and 11 

percent for an inflation pressure of 150 psi (1034 kPa). One observes 

that the decrease in tensile stress at the bottom of the asphalt layer 

with increasing modulus of subgrade is more pronounced as inflation 

pressure decreases. In addition, tensile strain increases with in

creasing inflation pressure. The increase is 28 percent between an 

inflation pressure of 105 psi (724 kPa) and 150 psi (1034 kPa) for this 

type of pavement. 

For Ej = 100,000 psi (690 mPa), the increase between the ten

sile stress at the bottom of the survace layer of a pavement with a 

subgrade of 12,000 psi (84 mPa) and a pavement with a subgrade of 4,000 

psi (24 mPa) is 10 percent for an inflation pressure of 105 psi (724 

kPa), 8 percent with an inflation pressure of 130 psi (896 kPa), and 

about 8 percent for an inflation pressure of 150 psi (1034 kPa). One 

can see here that the decrease in tensile stress is slightly more 

pronounced with a decrease in inflation pressure. In addition, one 

observes that tensile stress at the bottom of the surface course 

increases with increasing inflation pressure. The increase is about 

40 percent between an inflation pressure of 105 psi (724 kPa) and 150 

psi (1034 kPa). Furthermore, doubling the surface modulus increases 

the tensile stress by about 84 percent; and it lessens the effect of 

decreasing tensile stress with increasing subgrade modulus, as well as 



the effect of increasing inflation pressure on tensile stress at the 

bottom of the asphalt layer. 

Tensile Stress at the Bottom of a Thin Surface Layer 
with a Thick Base 

The observations below are drawn from information presented in 

Table 2 and Figure 4. For Ej = 200,000 psi (1380 mPa), the tensile 

stress at the bottom of the asphalt layer decreases with increasing 

subgrade modulus. The increase in tensile stress between a pavement 

with a subgrade of 12,000 psi (84 mPa) and a pavement with a subgrade 

of 4,000 psi (28 mPa) is 4 percent for an inflation pressure of 105 psi 

(724 kPa), 3 percent for an inflation pressure of 130 psi (896 kPa) 

and 3 percent for an inflation pressure of 150 psi (1034 kPa). Thus 

the effect of decreasing tensile stress with increasing subgrade 

modulus is hardly at all influenced by a decrease in inflation pressure. 

Furthermore, tensile stress increases with an increase in inflation 

pressure. The increase for this type of pavement is about 31 percent 

between an inflation pressure of 105 psi (724 kPa) and 150 psi (1034 

kPa). 

For a pavement with surface modulus Ej = 100,000 psi (690 mPa) 

one sees that, contrary to previous findings (6)(7), tensile stress in

creases slightly with an increasing subgrade modulus. The increase 

between a pavement with a subgrade modulus of 4,000 psi (28 mPa) and 

one with a subgrade modulus of 12,000 psi (84 mPa) is .7 percent for 

an inflation pressure of 105 psi (724 kPa), .5 percent for an infla

tion pressure of 130 psi (896 kPa), and .3 percent for an inflation 
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pressure of 150 psi (1034 kPa). The effect of increasing tensile 

stress with increasing subgrade modulus tends to increase slightly 

with a decrease in inflation pressure. The tensile stress at the 

bottom of the asphalt layer increases with an increase in inflation 

pressure; the increase is 40 percent between an inflation of 105 psi 

(724 kPa) and one of 150 psi (1034 kPa). Furthermore, doubling the 

surface modulus Ej increases the tensile stress by about 84 percent. 

Decreasing the base thickness, hg, from 6 inches to 10 inches 

increases the tensile stress by 90 percent for a pavement with surface 

modulus of 200,000 psi (1380 mPa). In addition, increasing the base 

thickness reduces the effect that increasing subgrade modulus has on 

tensile stress, but does not have too much effect on increasing ten

sile stress with increasing inflation pressure, or on increasing tensile 

stress with increasing surface modulus. 

Tensile Stress at the Bottom of a Thick Surface Layer 
with a Thin Base 

The observations below are drawn from information presented in 

Table 2 and Figure 5. One observes that tensile stress decreases with 

increasing subgrade modulus. For = 200,000 psi (1380 mPa), the de

crease in subgrade modulus from 12,000 psi (28 mPa) to 4,000 psi (84 

mPa) will result in an increase in tensile stress at the bottom of the 

asphalt layer. This increase in tensile stress will be 18 percent for 

an inflation pressure of 105 psi (724 kPa), 17 percent for an infla

tion pressure of 130 psi (896 kPa), and 16 percent for an inflation 

pressure of 150 psi (1034 kPa). The decrease in tensile stress with 
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increasing subgrade modulus is not greatly affected by an increase in 

inflation pressure. But tensile stress increases with an increase iri 

inflation pressure; this increase is about 8 percent for this type of 

pavement. 

For a pavement with Ej = 100,000 psi (690 mPa), the decrease 

in subgrade modulus from 12,000 psi (84 mPa) to 4,000 psi (28 mPa) 

will result in an increase in tensile stress at the bottom of the 

asphalt layer of 20 percent for an inflation pressure of 105 psi (724 

kPa), 18 percent for an inflation pressure of 130 psi (896 kPa), and 

17 percent for an inflation pressure of 150 psi (1034 kPa). A decrease 

in tensile stress with increasing subgrade modulus has a tendency to 

increase with decreasing inflation pressure, but it is not greatly 

affected by the variation in inflation pressure. Tensile stress in

creases with increasing inflation pressure; the increase is about 7 

percent between an inflation pressure of 105 psi (724 kPa) and one of 

150 psi (1034 kPa). Doubling the surface modulus increases the tensile 

stress by about 44 percent, but does not have much effect on the ten

dency of tensile stress to increase with an increase in inflation 

pressure, or on the tendency of tensile stress to decrease with in

creasing subgrade modulus. 

Tensile Stress at the Bottom of a Thick Surface Layer 
with a Thick Base 

The observations below are drawn from information presented in 

Table 2 and Figure 6. One observes that tensile stress decreases with 

increasing subgrade modulus. For Ej = 2000,000 psi (1380 mPa) a 
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decrease in subgrade modulus from 12,000 psi (84 mPa) to 4,000 psi 

(28 mPa) will result in an increase in tensile stress at the bottom 

of the surface layer of 11 percent for an inflation pressure of 105 

psi (724 kPa), 10 percent for an inflation pressure of 130 psi (896 

kPa), and 10 percent for an inflation pressure of 150 psi (1034 kPa). 

For this type of pavement, increase in tensile stress with increasing 

subgrade modulus is not too much affected by an increase in inflation 

pressure. Tensile stress increases with an increase in inflation pres

sure. The increase is about 8 percent for an increase in inflation 

pressure from 105 psi (724 kPa) to 150 psi (1034 kPa). 

For a pavement with a subgrade modulus = 100,000 psi (690 

mPa) the tensile stress still increases with increasing subgrade modu

lus. The increase in tensile stress at the bottom of the surface layer 

when one decreases the subgrade modulus from 12,000 psi (84 mPa) to 

4,000 psi (28 mPa) is 10 percent for an inflation pressure of 105 psi 

(724 kPa), 9 percent for an inflation pressure of 130 psi (896 kPa), 

and 9 percent for an inflation pressure of 150 psi (1034 kPa). The 

decrease in tensile stress with decreasing subgrade modulus is not 

greatly affected by an increase in inflation pressure. The tensile 

stress increases with increasing inflation pressure, and such an in

crease is about 9 percent between an inflation pressure of 105 psi 

(724 kPa) and one of 150 psi (1034 kPa). Doubling the surface modulus 

Ej for such a pavement increases the tensile stress by around 48 per

cent. 



Summary of Effect of Variables on Tensile Stress 

Decreasing the base thickness from 19 inches to 6 inches in

creases the tensile stress by 13 percent for a pavement with surface 

modulus Ej = 200,000 psi (1380 mPa) and E^ = 100,000 psi (690 mPa), but 

the surface modulus has more influence on a pavement with a thick as

phalt layer having a weaker subgrade. In addition, increasing the base 

thickness reduces the effect that increasing subgrade modulus has on 

reducing stress, but does not have an effect on increasing tensile 

stress with increasing inflation pressure, and has little effect on in

creasing tensile stress with increasing surface modulus. 

Decreasing the surface thickness from 9 inches to 3 inches in

creases the tensile stress for a thin base with surface modulus Ej = 

100,000 psi (690 mPa) by 126 percent, and by 200 percent when Ej = 

200,000 psi (1380 mPa). Such a decrease in surface thickness increases 

the tensile stress for a pavement with a thick base by 124 percent when 

Ej = 100,000 psi (690 mPa), and by 188 percent when E^ = 200,000 psi 

(1380 mPa). One observes that increasing surface layer thickness is a 

very important factor for controlling tensile stress at the bottom of 

the surface layer; this effect is even more pronounced in pavement with 

stiffer surface modulus. Furthermore, an increase in surface thickness 

lessens the effect of increasing tensile stress with an increase in in

flation pressure, as well as the effect of a decrease in tensile stress 

with increasing subgrade modulus. 

One can conclude that Kj, the ratio of the surface modulus to 

the base modulus, also has a major effect on controlling tensile stress 



at the bottom of the surface layer. And inflation pressure is a con

trolling factor for tensile stress at the bottom of the surface layer 

only in a thin asphalt layer. Other controlling factors are l^, the 

ratio of the base modulus to the subgrade modulus, and base thickness. 

Compressive Strain at the Top of the Subgrade 

Results of the analysis of compressive strain at the top of 

the subgrade of pavement with both thick and thin surface layers, as 

well as both thick and thin bases, will be presented here. 

Compressive Strain at the Top of a Subgrade with 
a Thin Surface Layer and a Thin Base 

The observations made below are derived from Table 3 and 

Figure 7. One observes that the compressive strain at the top of the 

subgrade decreases with increasing subgrade modulus. For a pavement 

with surface modulus Ej = 200,000 psi (1380 mPa) the increase in com

pressive strain at the top of the subgrade for the subgrade modulus 

decreases from 12,000 psi (84 mPa) to 4,000 psi (28 mPa). The increase 

in compressive strain is 68 percent for an inflation pressure of 105 

psi (724 kPa), 67 percent for an inflation pressure of 130 psi (896 

kPa), and 67 percent for an inflation pressure of 150 psi (1034 kPa). 

Decreasing compressive strain with increasing subgrade modulus is not 

really affected by change in inflation pressure. But the compressive 

strain increases slightly with an increase in inflation pressure; and 

an increase in compressive strain on the top of the subgrade for this 

type of pavement is 7 percent for an increasing inflation pressure 

from 105 psi (724 kPa) to 150 psi (1034 kPa). 
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For the same type of pavement with Ej = 100,000 psi (690 mPa) 

the increase in compressive strain at the top of the subgrade for the 

subgrade modulus decreasing from 12,000 psi (84 mPa) to 4,000 psi (28 

mPa) is 69 percent for an inflation pressure of 105 psi (724 kPa), 67 

percent for an inflation pressure of 130 psi (896 kPa), and 67 percent 

for an inflation pressure of 150 psi (1034 kPa). An increase in infla

tion pressure does not really affect the decrease,in compressive strain 

at the top of the subgrade with increasing subgrade modulus. Also, one 

observes that compressive strain at the top of the subgrade with in

creasing inflation pressure differs 7 percent between an inflation 

pressure of 105 psi (724 kPa) and 150 psi (1034 kPa). In addition, 

doubling the surface modulus E^ decreases the compressive strain at the 

top of the subgrade by 16 percent, but does not affect the decrease in 

compressive strain at the top of the subgrade with increasing subgrade 

modulus, and also does not affect the role of increasing inflation 

pressure on the compressive strain at the top of the subgrade. 

Compressive Strain at the Top of a Subgrade with 
a Thin Surface Layer and a Thick Base 

The observations below are derived from information available 

in Table 3 and Figure 8. Compressive strain at the top of the subgrade 

decreases with increasing subgrade modulus. For a pavement with sur

face modulus Ej = 200,000 psi (1360 mPa), the increase in compressive 

strain when the subgrade modulus decreases from 12,000 psi (84 mPa) 

to 4,000 psi (28 mPa), 65 percent for an inflation pressure of 105 psi 

(724 kPa), 64 percent for an inflation pressure of 130 psi (896 kPa), 
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and 63 percent for an inflation pressure of 150 psi (1034 kPa). An 

increase in inflation pressure thus has almost no effect on decreasing 

compressive strain at the top of the subgrade with increasing subgrade 

modulus. But compressive strain at the top of the subgrade increases 

with an increase in inflation pressure. The increase is about 4 percent 

for an increase in inflation pressure from 105 psi (724 kPa) to 150 psi 

(1034 kPa). 

For a pavement with surface modulus Ej = 100,000 psi (690 mPa), 

the increase in compressive strain when the subgrade modulus decreases 

from 12,000 psi (84 mPa) to 4,000 psi (28 mPa) is 65 percent for an 

inflation pressure of 105 psi (724 kPa), 64 percent for an inflation 

pressure of 130 psi (896 kPa) and 63 percent for an inflation pressure 

of 150 psi (1034 kPa). Here again, an increase in inflation pressure 

does not have any significant effect on decreasing compressive strain 

at the top of the subgrade with an increase in subgrade modulus. But 

compressive strain at the top of the subgrade increases with increasing 

inflation pressure; the increase between an inflation pressure of 105 

psi (724 kPa) and one of 150 psi (1034 kPa) is 4 percent. Doubling 

the value of the surface modulus decreases the compressive strain at 

the top of the subgrade by 13 percent, but does not affect the influ

ence of increasing inflation pressure and increasing subgrade modulus 

on the compressive strain at the top of the subgrade. 

Decreasing the thickness of the base from 10 inches to 6 inches 

increases the compressive strain at the top of the subgrade by 60 per

cent for a pavement with surface modulus E^ = 100,000 psi (690 mPa), and 



56 percent for a pavement with surface modulus = 200,000 psi (1380 

mPa). The effect of such a decrease in base thickness is not really 

distinguishable with regard to surface modulus. Further, change in 

base thickness does not change the effect that increasing inflation 

pressure and increasing subgrade modulus have on compressive strain at 

the top of the subgrade. An increase in inflation pressure has a mini

mum effect on compressive strain at the top of the subgrade of such a 

pavement; also, the ratio of surface modulus to base modulus is not 

an important factor in controlling the compressive strain at the top 

of the subgrade of this kind of pavement. 

Compressive Strain at the Top of a Subgrade with 
a Thick Surface Layer and a Thin Base 

The observations below are derived from information shown in 

Table 3 and Figure 9. Here, compressive strain at the top of the pave

ment decreases with increasing subgrade modulus. For a pavement with 

surface modulus Ej = 200,000 psi (1380 mPa), one notices an increase in 

compressive strain at the top of the subgrade with a decrease in sub-

grade modulus. The increase in compressive strain with a decrease in 

subgrade modulus from 12,000 psi (84 mPa) to 4,000 psi (28 mPa) is 56 

percent for an inflation pressure of 130 psi (896 kPa), and 53 percent 

for an inflation pressure of 150 psi (1034 kPa). Thus a change in in

flation pressure does not really affect the decrease in compressive 

strain at the top of the subgrade with increasing subgrade modulus. 

Also, compressive strain at the top of the subgrade increases by only 
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1 percent with an increase in inflation pressure from 105 psi (724 

kPa) to 150 psi (1034 kPa). 

For a pavement with surface modulus Ej = 100,000 psi (690 mPa), 

there is a decrease in compressive strain at the top of the subgrade 

with increasing surface modulus. For such a pavement a decrease in 

surface modulus from 12,000 psi (84 mPa) to 4,000 psi (28 mPa) results 

in an increase in compressive strain at the top of the subgrade; this 

increase is 61 percent for an inflation pressure of 105 psi (724 kPa), 

59 percent for an inflation pressure of 130 psi (896 kPa), and 58 per

cent for an inflation pressure of 150 psi (1034 kPa). Thus an increase 

in inflation pressure does not really affect the relationship of de

creasing compressive strain and increasing subgrade modulus. But com

pressive strain at the top of the subgrade increases with an increase 

in inflation pressure, though the increase in compressive strain is 

only 3 percent when inflation pressure is increased from 105 psi (724 

kPa) to 150 psi (1034 kPa). Increasing inflation pressure has a mini

mum effect on compressive strain at the top of the subgrade. Doubling 

the surface modulus decreases the compressive strain by 30 percent, and 

has a minimum effect on the relationship of decreasing compressive 

strain with increasing subgrade modulus, as well as on the impact of 

increasing inflation pressure on compressive strain. 

Compressive Strain at the Top of a Subgrade with 
a Thick Surface Layer and a Thick Base 

The observations below are based on information presented in 

Table 3 and Figure 10. One sees that the compressive strain at the 
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top of the subgrade decreases with increasing subgrade modulus. For 

a pavement with surface modulus = 200,000 psi (1380 mPa), the in

crease in compressive strain at the top of the subgrade for a subgrade 

modulus decreasing from 12,000 psi (84 mPa) to 4,000 psi (28 mPa) is 

56 percent for an inflation pressure of 105 psi (724 kPa), 54 percent 

for an inflation pressure of 130 psi (896 kPa), and 53 percent for an 

inflation pressure of 150 psi (1034 kPa). Thus the decrease in com

pressive strain at the top of the subgrade with increasing subgrade 

modulus is slightly more pronounced with a decrease in inflation pres

sure. Increasing the inflation pressure from 105 psi (724 kPa) to 

150 psi (1034 kPa) increases the compressive strain at the top of the 

subgrade only by about 1 percent. Increasing inflation pressure there

fore does not have a significant effect on compressive strain at the 

top of the subgrade of this type of pavement. 

For a pavement with surface modulus Ej = 100,000 psi (690 mPa), 

decreasing the subgrade modulus from 12,000 psi (84 mPa) to 4,000 psi 

(28 mPa) increases the compressive strain at the top of the subgrade 

by 61 percent for an inflation pressure of 105 psi (724 kPa), 59 per

cent for an inflation pressure of 130 psi (896 kPa), and 58 percent for 

an inflation pressure of 150 psi (1034 kPa). A change in inflation 

pressure thus has a slight influence on increasing compressive strain 

at the top of the subgrade with decreasing subgrade modulus. In ad

dition, one notices that the compressive strain at the top of the sub-

grade increases by only 1 percent with an increase in inflation 

pressure from 105 psi (724 kPa) to 150 psi (1034 kPa). Inflation 



41 

pressure therefore does not have a significant influence on the com

pressive strain at the top of the subgrade of such a pavement. Doub

ling the surface modulus decreases the compressive strain at the top 

of the subgrade by about 30 percent, but does not really influence 

the effect of inflation pressure and of an increase in subgrade modulus 

on the compressive strain at the top of the subgrade. 

Summary of Effect of Variables on Compressive Strain 

Increasing the base thickness from 6 inches to 10 inches de

creases the compressive strain at the top of the subgrade by about 27 

percent for a surface modulus of Ej = 100,000 psi (690 mPa), and by 

about 23 percent for a pavement with a subgrade modulus Ej = 200,000 

psi (1380 mPa). Therefore the base thickness is an important factor 

in controlling the compressive strain at the top of the subgrade of 

this type of pavement. 

Decreasing the thickness of the surface layer from 9 inches to 

3 inches increases the compressive strain at the top of the subgrade by 

234 percent for a pavement with a thin base and a surface modulus Ej = 

100,000 psi (690 mPa); by 306 percent for a pavement with a thin base 

and surface modulus Ej = 100,000 psi (690 mPa); and by 235 percent for 

a pavement with a thick base and surface modulus Ej = 200,000 psi (1034 

mPa). Increasing the surface thickness is thus an important factor in 

controlling the compressive strain at the top of the subgrade; this ef

fect is greater on pavement with a thin base and on pavement with stif-

fer surface modulus. Furthermore, increasing the surface layer's 

thickness reduces the effect of inflation pressure on compressive 



strain at the top of the subgrade. The main factors in controlling 

compressive strain at the top of the subgrade are surface layer thick

ness hj, base thickness the ratio of the surface to the base 

modulus, and the ratio 1^ of the base modulus to the subgrade modulus. 

Shear Stress in the Surface Layer 

Results of the analysis of shear stress in the surface layer of 

pavement with thin and thick surface layers, and both thin and thick 

bases, will be presented here. 

Shear Stress in a Thin Surface Layer with 
a Thin Base 

The observations below are derived from information given in 

Table 4 and Figure 11. One observes that shear stress in the bottom of 

the surface course decreases with an increase in subgrade modulus. For 

surface modulus Ej = 200,000 spi (1380 mPa), the increase in shear 

stress of the surface course between a pavement with a subgrade of 

12,000 psi (84 mPa) and a subgrade of 4,000 psi (28 mPa) is 23 percent 

for an inflation pressure of 105 psi (724 kPa), 20 percent for an in

flation pressure of 130 psi (896 kPa), and 20 percent for an inflation 

pressure of 150 psi (1034 kPa). The decrease in shear stress due to 

an increase in subgrade modulus is more pronounced with a decrease in 

inflation pressure. The effect of decreasing shear stress with in

creasing subgrade modulus diminishes with an increase in inflation 

pressure. The shear stress increases with an increase in inflation 

pressure; the increase in shear stress is about 33 percent between an 

inflation pressure of 105 psi (724 kPa) and a pressure of 150 psi (1034 



Table 4. Effects of inflation pressure on shear stress (psi) at the bottom of the asphalt surface layer 

105 
Inflation Pressure (psi) 

130 150 

10  
~ Base Thickness (in.) 

6 10 
Surface Modulus (ksi) 

100 200 100 200 

10 

100 200 100 200 100 200 100 200 

o 
o 
o 

r C\J 

</) CL 

1S) 
3 

16.37 30.73 14.9 29.23 17.46 32.36 15.96 30.82 18.13 33.34 16.61 31.78 

19.02 74.25 15.60 68.77 26.22 88.57 22.70 82.93 31.65 98.89 28.04 93.22 

4- f-

13 "O 
o o 
s o 

o 
O) 00 "O 
to 
S-
cn 
n 

y> 

I/) Q i/> y 0) 
c 
o 

<u 
u 

" 3 
s-3 

U1 

18.80 33.75 16.18 31.05 19.91 35.33 77.23 32.60 20.57 36.25 17.87 33.50 

21.97 80.45 15.91 70.61 29.28 94.91 23.01 84.84 34.84 105.36 24.41 95.13 

22.88 38.66 18.26 33.98 23.93 40.07 19.26 35.41 24.53 40.86 19.86 36.26 

o 
o 
o *3" 

26.82 91.04 16.14 73.51 34.30 105.77 23.31 87.80 39.96 116.35 28.77 98.10 



44 

12 

11 

10 

9 

8 

7 

6 

5' 

4 

3 

2 

1 

Conditions: = 3 in. 

h2 = 6 in. 

E2 = 20 ksi 

Ej = 200,000 psi 

Ej = 100,000 psi 

12 

Subgrade Modulus (ksi) 

Figure 11. Effects of Inflation Pressure on Shear Stress (psi) in a 
Thin Surface Layer with a Thin Base. 
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kPa). Inflation pressure therefore has an important effect on this 

type of pavement. 

For the same kind of pavement with subgrade modulus = 

100,000 psi (690 mPa), the shear stress still decreases with increasing 

subgrade modulus. The increase for a pavement with a subgrade modulus 

of 12,000 psi (84 mPa) as compared to one with a subgrade modulus of 

4,000 psi (28 mPa) is .41 percent for an inflation pressure of 105 psi 

(724 kPa), 31 percent for an inflation pressure of 130 psi (896 kPa), 

and 26 percent for an inflation pressure of 150 psi (1034 kPa). Here 

again, the effect of an increased subgrade modulus on shear stress 

lessens as inflation pressure decreases. The shear stress increases 

with increased inflation pressure; the increase in shear stress for 

this type of pavement is about 66 percent between inflation pressures 

of 105 psi (724 kPa) and 150 psi (1034 kPa). An increase in surface 

modulus from 100,000 psi (690 mPa) to 200,000 psi (1380 mPa) increases 

the shear stress in the surface course by nearly 290 percent, and also 

increases the effect of inflation pressure on shear stress as well as 

the effect of decreasing shear stress with increasing subgrade modulus. 

Shear Stress in a Thin Surface Layer with 
a Thick Base 

The observations presented here are based on data presented in 

Table 4 and Figure 12. One sees that shear stress in the surface 

course decreases with an increase in subgrade modulus. For subgrade 

modulus Ej = 200,000 psi (1380 mPa), the increase between the shear 

stress of a pavement with a subgrade modulus of 12,000 psi (84 mPa) 
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Figure 12. Effects of Inflation Pressure on Shear Stress (psi) in a 
Thin Surface Layer with a Thick Base. 
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and that of a pavement with a subgrade modulus of 4,000 psi (28 mPa) 

is 7 percent for an inflation pressure of 105 psi (724 kPa), 6 percent 

for an inflation pressure of 130 psi (896 kPa), and 6 percent for an 

inflation pressure of 150 psi (1034 kPa). Here the effect of decreas

ing shear stress with increasing subgrade modulus is slightly more 

pronounced with a decrease in inflation pressure. Further, shear 

stress in the surface layer increases with an increase in inflation 

pressure. This increase is 36 percent between an inflation pressure of 

105 psi (724 kPa) and one of 150 psi (1034 kPa). 

For the same type of pavement, but with a subgrade modulus of 

Ej = 100,000 psi (690 mPa), the increase between the shear stress of a 

pavement with a subgrade of 12,000 psi (84 mPa) and that of a pavement 

with a subgrade of 4,000 psi (28 mPa) is 4 percent for an inflation 

pressure of 105 psi (724 kPa), 3 percent for an inflation pressure of 

130 psi (896 kPa), and 3 percent for an inflation pressure of 150 psi 

(1034 kPa). Thus the effect of decreasing shear stress with increasing 

subgrade modulus is almost the same as inflation pressure increases. 

Shear stress increases with an increase in inflation pressure; the in

crease for this type of pavement is 80 percent between an inflation 

pressure of 105 psi (724 kPa) and one of 150 psi (1034 kPa). The in

crease in shear stress with a change in subgrade modulus from 100,000 

psi (690 mPa) to 200,000 psi (1380 mPa) is 265 percent. 

A decrease in base thickness from 10 inches to 6 inches in

creases the shear stress by 8 percent. Decreased base thickness also 

increases the effect of increasing subgrade modulus on shear stress in 



the surface course, as well as the effect of increased shear stress 

with increased inflation pressure. For this type of pavement the con

trolling factors for shear stress are decreasing surface modulus, in

creasing subgrade modulus, decreasing inflation pressure and increasing 

base thickness. 

Shear Stress in a Thick Surface Layer with 
a Thin Base 

The observations below are derived from information presented 

in Table 4 and Figure 13. One sees that shear stress decreases with 

an increase in subgrade modulus. For surface modulus E^ = 200,000 psi 

(1380 mPa), the increase between the shear stress of a pavement with a 

subgrade modulus of 12,000 psi (84 mPa) and one with a subgrade modulus 

of 4,000 psi (28 mPa) is 26 percent for an inflation pressure of 105 

psi (724 kPa), 24 percent for an inflation pressure of 130 psi (896 

kPa), and 23 percent for an inflation pressure of 150 psi (1034 kPa). 

There is a slight tendency for this effect to be more pronounced with 

decreasing inflation pressure. The shear stress increases with in

creasing inflation pressure; this increase is 9 percent from an infla

tion pressure of 105 psi (724 kPa) to one of 150 psi (1034 kPa). 

For the same type of pavement with surface modulus = 

100,000 psi (690 mPa), the shear stress also decreases with an increase 

in subgrade modulus. The increase in shear stress between a pavement 

with subgrade modulus of 12,000 psi (84 mPa) and one with a subgrade 

modulus of 4,000 psi (28 mPa) is 40 percent for an inflation pressure 

of 104 psi (724 kPa), 37 percent for an inflation pressure of 130 psi 
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Figure 13. Effects of Inflation Pressure on Shear Stress (psi) in a 
Thick Surface Layer with a Thin Base. 



(896 kPa), and 35 percent for an inflation pressure of 150 psi (1034 

kPa). Furthermore, the shear stress increases with increasing infla

tion pressure. This increase is 11 percent between an inflation pres

sure of 105 psi (724 kPa) and one of 150 psi (1034 kPa). For this 

type of pavement, the shear stress decreases by 88 percent when the 

surface modulus is reduced by half; this reduction in surface modulus 

also decreases the effect of decreasing shear stress with increasing 

subgrade modulus. 

Shear Stress in a Thick Surface Layer with 
a Thick Base 

The observations below are derived from data shown in Table 4 

and Figure 14. One sees that shear stress decreases with increasing 

subgrade modulus. For surface modulus = 200,000 psi (1380 mPa), the 

increase between the shear stress in the surface course of a pavement 

with a subgrade modulus of 12,000 psi (84 mPa) and one with a subgrade 

modulus of 4,000 psi (28 mPa) is 16 percent for an inflation pressure 

of 105 psi (724 kPa), 15 percent for an inflation pressure of 130 psi 

(896 kPa), and 14 percent for an inflation pressure of 150 psi (1034 

kPa). The percentage of increase does not vary too much with increas

ing inflation pressure. The shear stress increases with increasing 

inflation pressure; this increase is 9 percent as inflation pressure 

rises from 105 psi (724 kPa) to 150 psi (1034 kPa). 

For surface modulus Ej = 100,000 psi (690 mPa), one notices 

that the shear stress still decreases with increasing subgrade modulus. 

The increase in shear stress at the bottom of a surface course in a 





pavement with a subgrade modulus of 12,000 psi (84 mPa) compared to one 

with a subgrade modulus of 4,000 psi (28 mPa) is 23 percent for an in

flation pressure of 105 psi (724 kPa), 21 percent for an inflation pres

sure of 130 psi (896 kPa), and 20 percent for an inflation pressure of 

150 psi (1034 kPa). The shear stress in the surface course increases as 

inflation pressure increases; and the percentage of shear stress rises 

with an increase in inflation pressure. The increase in shear stress is 

12 percent between an inflation pressure of 105 psi (724 kPa) and one of 

150 psi (1034 kPa). Increasing the surface modulus two times raises 

the shear stress by 96 percent. A decrease in base thickness from 10 

inches to 6 inches also increases the shear stress, by 10 percent. 

Summary of Effects of Variables on Shear Stress 

Decreasing the surface layer thickness h^ from 9 inches to 3 

inches increases the shear stress by 21 percent for a thick-based pave

ment where Ej = 100,000 psi (690 mPa), 170 percent for a thick-based 

pavement where E^ = 200,000 psi (1380 mPa), 39 percent for a thin-

based pavement where Ej = 100,000 psi (690 mPa), and 197 percent for a 

thin-based pavement where E^ = 200,000 psi (1380 mPa). Decreasing 

surface layer thickness thus has a highly significant effect on in

creasing shear stress. This effect is even more apparent for pavement 

with a stiffer surface layer. In addition, the effect of decreasing 

shear stress as subgrade modulus increases, as well as the effect of 

increasing shear stress as inflation pressure increases, are important 

for pavement with a thin surface layer. 
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Influence of Increasing Surface Thickness, Base Thickness, 
Surface and Subgrade Modulus on Effects of Inflation Pressure 

on Tensile Stress, Compressive Strain and Shear Stress 

From Table 5 we see that increasing the thickness of the sur

face layer from 3 inches to 9 inches decreases the tensile stress by 

about 60 percent; it can also be seen that increasing the base thick

ness from 6 inches to 10 inches and the subgrade modulus from 4,000 psi 

to 12,000 psi decreases the tensile stress by about 7 percent. In 

addition, reducing the surface modulus by half reduces the tensile 

stress by about 43 percent. The best ways to control tensile stress at 

the bottom of the surface layer are to increase the surface thickness, 

or to decrease Kj. 

Table 6 shows that increasing the thickness of the surface lay

er from 3 inches to 9 inches decreases the compressive strain at the 

top of the subgrade by about 73 percent. It also shows that increasing 

the base thickness from 6 inches to 10 inches or the subgrade modulus 

from 4,000 psi to 12,000 psi decreases the compressive strain by about 

40 percent. Doubling the surface modulus decreases the compressive 

strain by only about 20 percent; therefore, increasing the surface 

thickness is the best way to control the compressive strain at the top 

of the subgrade. Increasing the subgrade modulus and the base thick

ness will reduce in a lower degree the compressive strain. 

Table 7 shows that increasing the surface thickness from 3 

inches to 9 inches decreases the shear stress at the bottom of the sur

face layer by about 46 percent. It can also be seen that increasing 

the base thickness from 6 inches to 10 inches has the same influence 



Table 5. Effect of increasing surface thickness, base thickness, 
surface and subgrade modulus on the effects of increasing 
inflation pressure on tensile stress at the bottom of the 
surface layer 

100, 

Surface modulus (psi) 

000 200, 000 

105 

Inflation pressure (psi) 

150 105 150 

H2 (in.) Conditions E2 
= 20,000 psi Eg = 4,000 psi Hj = 3 in. 

6 116.9 158.4 231.8 292.3 

10 100.5 141.5 201.7 261.2 

Hj (in.) Conditions E2 
= 20,000 psi E3 = 4,000 psi H2 = 6 in. 

3 116.9 158.4 231.8 292.3 

9 59.54 63.93 86.27 91.28 

Surface modulus (psi) 

100,000 200,000 

105 

Inflation pressure (psi) 

150 105 150 

H2 (in.) Conditions E2 = 20,000 psi Ej = 12,000 psi Hj = 3 in. 

6 106.3 147.2 203.4 262.9 

10 101.2 141.9 194.2 253.5 

Hj (in.) Conditions E2 = 20,000 psi Ej = 12,000 psi H2 = 6 in. 

3 106.3 147.2 203.4 262.9 

9 49.8 54.52 73.1 78.98 
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Table 6. Consequences of increasing surface thickness, base thickness, 
surface and subgrade modulus on the effects of increasing 
inflation pressure on compressive strain at the top of the 
subgrade 

Surface modulus (psi) 

100,000 200,000 

Inflation pressure (psi) 

105 150 105 150 

H2 (in.) 

6 

10 

Conditions E2 = 20,000 psi Eg = 4,000 psi Hj = 3 in. 

-.00293 -.00314 -.00248 -.00264 

-.00179 -.00185 -.00159 -.00164 

Hj (in.) 

3 

9 

Conditions E2 = 20,000 psi Eg = 4,000 psi H2 = 6 in. 

-.00293 -.00314 -.00248 -.00264 

-.00091 -.00092 -.00063 -.00063 

Surface modulus (psi) 

100,000 200,000 

Inflation pressure (psi) 

105 150 105 150 

H2 (in.) 

6 

10 

Conditions E2 = 20,000 psi Eg = 12,000 psi Hj = 3 in. 

-.00174 -.00189 -.00148 -.00158 

-.00109 -.00114 -.00148 -.00158 

Hj (in.) 

3 

9 

Conditions E2 = 20,000 psi Eg = 12,000 psi H2 = 6 in. 

-.00174 -.00189 -.00148 -.00158 

-.00057 -.00058 -.00041 -.00041 
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Table 7. Consequences of increasing surface thickness, base thickness, 
surface and subgrade modulus on the effect of increasing in
flation pressure on shear stress at the bottom of the surface 
layer 

Surface modulus (psi) 

100,000 200, 000 

105 

Inflation pressure (psi) 

150 105 150 

H2 (in.) Conditions E2 = 20,000 psi Eg = 4,000 psi Hj = 3 in. 

6 26.82 39.96 91.04 116.35 

10 16.14 28.77 73.51 98.1 

Hj (in.) Conditions E2 = 20,000 psi Eg = 4,000 psi = 6 in. 

3 26.82 39.96 91.04 116.35 

9 22.88 24.53 38.66 40.86 

Surface modulus (psi) 

100,000 • 200,000 

Inflation pressure (psi) 

105 150 105 150 

H2 (in.) 

6 

10 

Conditions E2 = 20,000 psi Eg = 12,000 psi = 3 in. 

19.02 31.65 74.25 98.89 

15.6 28.04 68.77 93.22 

Hj (in.) 

3 

9 

Conditions E2 = 20,000 psi Eg = 12,000 psi Hj = 3 in. 

19.02 31.65 74.25 98.89 

16.37 18.13 30.73 33.34 



on the shear stress as increasing the subgrade modulus from 4,000 psi 

to 12,000 psi. It reduces the shear stress by about 18 percent. In 

addition, reducing the surface modulus by half decreases the shear 

stress by about 60 percent. As a consequence the main factor in con

trolling the effect of the shear stress at the bottom of the surface 

layer is to reduce Kj, the ratio of the surface modulus to the base 

modulus, and to increase the surface thickness. 

The single most effective way to control tensile stress at the 

bottom of the surface layer, compressive strain at the top of the sub-

grade, and shear stress at the bottom of the surface layer is to in

crease the surface thickness. The ratio Kj is also a controlling 

factor. 

Design Example 

This example is intended to demonstrate the implications of 

increasing inflation pressure for pavement design. Specifically, it 

is concerned with design of surface layer thickness. 

The pavement structure will be formed of three layers. The 

top layer will be built of asphalt concrete with a modulus = 

200,000 psi, a Poisson's ratio of ju = .35, and a thickness hj that we 

need to determine. The base layer will be built from granular material 

with a modulus E,, = 20,000 psi, a Poisson's ratio of ju = .45, and a 

thickness hg. The subgrade layer will have a modulus Eg = 6,000 psi 

and a Poisson's ratio of u = .50. Figure 15 shows a cross-section of 

the pavement. The load is 5,000 pounds; the allowable repetition to 
5 

failure is N = 1x10 . Using Equations 1 and 2 (described above in 



P = 5000 lbs. 

I 

Surface Layer 

Base 

Subgrade 

p = 105, 130, 150 

Aij = .35 

Ej = 200,000 psi 

xi2 = .45 

T-v E2 = 20,000 psi 

L 
KIg = .50 

E3 = 6,000 psi 

Figure 15. Pavement Cross-Section for the Design Example. 
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Chapter 3), one can relate the tensile stress at the bottom of the sur

face layer and the compressive strain at the top of the subgrade to the 

allowable number of repetitions to failure. The coefficients used in 

The University of Arizona Design Method are as follows: 

<rT = 2000 N'*200 

= .0105 N"*200 

Table 8 gives the results of the influence of inflation pres

sure on surface layer thickness and base thickness for lightly travelled 

5 6 roads N = 10 x 10 repetitions and heavily travelled roads N = 10 x 10 

repetitions. Considering the factors of tensile stress at the bottom of 

the surface layer and compressive strain at the top of the subgrade, the 

thickness of the surface layer increases with increasing inflation pres

sure for both light repetition and heavy repetition; but the base thick

ness decreases with increasing inflation pressure. We can say that this 

is to compensate for the surface layer thickness increase. In addition 

Table 8 shows that the controlling factor in the design of flexible 

pavement for light repetitions that mean thin flexible pavement is the 

tensile stress at the bottom of the surface layer, whereas for heavy 

repetitions that mean thicker pavement the pattern changes: it is ten

sile stress at the bottom of the surface layer for low inflation pres

sure. Then they both have the same effect for a medium inflation 

pressure and then it is the compressive strain at the top of the sub-

grade which is the controlling factor. 
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Table 8. Effects of increasing inflation pressure on surface layer 
thickness hj and base thickness h2 

(N = 1 x 105) 

Inflation Pressure 

(psi) 
hl 

(in.) 

CTj*  h2 
(in.) 

£ ̂  Cc % Fatigue Life 

T Cc 

105 2 198.30 11 10.14 95 84 

130 3 201.96 9 10.07 105 81 

150 3.5 195.39 8 9.90 89 74.5 

*  Vj  = ps i  

# £c = 10"4 (in. per in.) 

(N = 1 x 106) 

Inflation Pressure 

(psi) 
"i 
(in.) 

V h2 
(in.) 

£c# % Fatigue Life 

&c 

105 4.5 127.1 10 6.178 104 71 

130 5 127 8 6.67 103 103 

150 5.5 119.7 7 6.516 77 92 

* CTj = psi 

#£c = 10~4 (in. per in.) 



CHAPTER 6 

CONCLUSION 

The effects of inflation pressure on compressive strain at the 

top of the subgrade, on shear stress in the surface layer, and on ten

sile stress at the bottom of the surface layer are summed up in this 

chapter, as well as the results of the local questionnaire used for 

this study. 

It is suggested from the results of the questionnaire that 

local truck drivers use an average cold inflation pressure higher than 

the 70 psi (483 kPa) usually used in design methods. Furthermore, the 

majority of the trucks are equipped with radial tires. This is an in

creasing trend because radials are structurally stronger and therefore 

have a longer service life, and because their design cuts down on the 

vehicle's fuel consumption, due to decreased rolling resistance. It 

is therefore suggested that more studies need to be carried out to 

determine actual inflation pressures used on heavy vehicles, and that 

the findings of such studies be brought to bear in order to improve 

pavement design. 

Inflation pressure is an important factor in controlling ten

sile stress at the bottom of the subgrade as well as shear stress in 

the surface course. Its effects are more pronounced for pavements with 

thin asphalt layers. But inflation pressure has a significant effect 

on the compressive strain at the top of the subgrade of a pavement with 
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thick surface course, but it is more pronounced for high inflation pres

sure. The level of inflation pressure used by truck drivers is not 

easily monitored. Therefore it is suggested that pavement design 

methods compensate for the detrimental effects of higher inflation pres

sure on tensile stress at the bottom of the surface layer and on shear 

stress in the surface course, by increasing the surface thickness hj. 

An inflation pressure of 105 psi (724 kPa) is recommended as input for 

pavement design, because it is a more realistic value, and it is being 

used in The University of Arizona Design Method. 

One recommends an increase in base thickness and surface thick

ness, because this alteration reduces tensile stress at the bottom of 

the asphalt layer, shear stress in the asphalt layer, and compressive 

strain at the top of the subgrade. An increase in the ratio is not 

recommended, because this increases the tensile stress at the bottom of 

the asphalt layer and the shear stress in the asphalt layer, even though 

it reduces the compressive strain at the top of the subgrade, and an in

crease in Kj will do the opposite. - An increase in subgrade modulus 

and base thickness will also help to reduce tensile stress at the bottom 

of the surface layer, shear stress in the surface layer, and compressive 

strain at the top of the subgrade, but their effects are minimal. 



APPENDIX 

SAMPLE OF QUESTIONNAIRE 



Francois Akoko Name of Company 
105 E. 8th #115 ~ 
Tucson, AZ 85719 Name of Respondent 

622-3766 Respondent's Position 

1. Do you measure inflation pressure? If so, do you measure it cold 

or warm? What is your average pressure? 

2. What is the average load on front axle? 

3. Tire information: size ply bias 

4. Do you notice a tendency for increased use of radials? 

5. Is there a trend toward higher inflation pressure? 

6. If you cannot answer all of the above questions, can you name an 

agency that might provide such information? 
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