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ABSTRACT

This work is concerned with obtaining equivalent axle loads 

and equivalency factors, for single and tandem axles, based on fa

tigue properties of flexib le  pavements. Two important concepts were 

the basics for the development of this study, the equivalency load 

and the percent of fatigue l i fe  used.

The pavement structure adopted corresponds to a three layered 

flexib le  pavement system. Fatigue fa ilu re  occurs due to repetitive  

stress or strain at one of two c ritica l points of the pavement struc

ture. Stresses and strains were calculated using a computer program 

called ASPDSGN.

The variables for this study were fatigue equation for as

phaltic concrete and layer thicknesses of the pavement.

Results show that a ll variables considered have significant 

effects on the equivalent axle loads and on the equivalency factor 

values, except, in the case of strain, the equivalent axle loads for 

both axles and the equivalency factors for single axles show that the 

effect of thickness is not significant.



CHAPTER 1

INTRODUCTION

An important task usually found in any method of pavement de

sign, corresponds to the tra ff ic  parameter. In highway engineering, 

the tra ff ic  parameter represents the number of load repetitions that 

the pavement w ill sustain in its  design l i fe .  The fact, that the 

loads acting on the pavement correspond to a wide range in magnitude, 

has not been accounted for in pavement design until the development 

of the load equivalency concept, which was f ir s t  formalized by Grumm

(1) in 1942. This concept, as considered by most highway engineers, 

is the best approach to the problem. The development of the present 

work is based on the equivalency concept.

There is a relationship between pavement fa ilu re  and load 

equivalency factors. However, since the concept of pavement fa ilu re  

s t i l l  diverges among engineers, equivalency factors w ill generally 

vary for the different concepts. An important concept of pavement 

fa ilu re  is related to the fatigue mode of distress. I t  considers 

that the pavement is able to sustain a number of load repetitions 

after which fa ilu re  due to fatigue occurs.

A new method of pavement design, based on fatigue properties 

of the structural components of pavements, was developed by Jimenez

(2) at the University of Arizona"in 1972. An important need of the 

method constitutes the representative axle loads of the load d is tr i-



buttons corresponding to the various axle classifications of the : 

method. In this work, an attempt is made to obtain the representa

tive axle loads for the interstate rural highways of the State of 

Arizona.

The f ir s t  objective of this work is related to the new 

method of pavement design, and therefore some of the equivalency 

load parameters used in this study are the same as those of the new 

method. The objectives can be postulated as follows:

1. The determination of single and tandem axle weights 

representing a single and a tandem axle average load 

distributions respectively. These loads w ill be cal

led equivalent axle loads (EAL).

2. Determination of 18-Kip single axle load equivalency 

factors, comparison with AASHO Factors.

To describe these two objectives, suppose that an actual num

ber of load repetitions, caused by mixed tra f f ic , damages the pavement 

to a certain degree. The f ir s t  objective corresponds to finding one 

axle load, such, that i f  applied to the pavement the same number of 

total repetitions, i t  would damage the pavement to the same degree.

The second objective concerns a fixed load to which mixed tra ff ic  

loads are to be reduced by the use of equivalency factors. Thus, an . 

equivalent number of repetitions of a fixed load is obtained, which 

is assumed to have the same damaging effect to the pavement as the 

actual repetitions.



CHAPTER 2

LITERATURE REVIEW ON LOAD EQUIVALENCY AND EQUIVALENCY FACTORS

Load equivalency, an important concept, was f ir s t  introduced 

into design of pavements by the State of California in the late fo r

ties (3 ). The idea of equivalency refers to the transformation of 

all load applications acting on the pavement, into a number of equiv

alent applications of a base load. Equivalency factors are used for 

this effect.

In 1963, Shook, Painter and Lepp (4)., postulated the assump

tions on which the load equivalency concept is based. These assump

tions are:

"1. Load effects are independent of the shape of the per

formance vs. load applications curve.

2. Load effects are independent of the order in which 

loads of d ifferent magnitudes are applied.

3. The effect of a single load application of load Li

may be expressed as a constant times the effect of

some base load L5 . .

4. Equivalency is expressed as the ratio of number of

applications of load L̂  required to produce the same

performance as a single application of Li.

5. Pavement thickness required to maintain a given level

of performance is a function of the sum of applica-



tions of mixed axle loads expressed as equivalent ap

plications of Lb (4) , (pp 44)."

The proceeding assumptions were termed as hypothetical by the 

authors (4 ), (pp 44), in which, "there is no experimental evidence to 

confirm or deny them". Thus, further study of the area was suggested. 

I t  is noted, however, that the equivalency factors presently used . 

were derived before 1963, consequently, the above assumptions are 

s t i l l  considered valid.

Two important types of approaches can be visualized in obtain

ing equivalency factors. They correspond to two different concepts of 

fa ilu re .

In the f ir s t  approach, fa ilure is related to the pavement 

r id a b ility . The r id a b ility  index is a number obtained after a sub

jective rating of the pavement. When such a number decreases to 

certain value, a rb itra rily  chosen, i t  is assumed that pavement fa ilure  

occured. Equivalency factors derived from the AASHO road test, widely 

used today, can be considered as the most representative of this 

f ir s t  type of approach.

The second approach of obtaining equivalency factors considers 

the fatigue type of fa ilu re . Fatigue has been defined as "the phenom

enon of fracture under repeated or fluctuating stress having a maximum 

value generally less than the tensile strength of. the material (5 ),

(PP z ) . ”

Equivalency Factors Derived From the AASHO Road Test 

The AASHO road test is considered one of the most important 

experiments of the pavement fie ld . Generally, the equivalency factors



presently used were derived from that test. Factors were obtained 

after a s tatis tica l analysis of data obtained experimentally.

A typical procedure to obtain equivalency factors can be des

cribed as follows, given a pavement condition, i t  is assumed that the 

required thickness may be calculated from the relationship,

t  = a N.jf  W. 9 ( 2 . 1 )

where,

t  = thickness of the pavement 

N-j = number of load applications of load 

Wi

W| = load acting on the pavement

a ,f,g , = factors which may or may not be functions of 

W or t

Making t  constant and introducing a base load to the expression,

t  = a Nb (2 . 2 )

and dividing (2 . 2 ) by ( 2 . 1 ) 

1 = r nl i f "w. "
g

b b »
-Ni . -Wi J

then, individual equivalency factors can be obtained from,

N
b =

Ni

W
W.

g/f
(2.3)

California, as reported by Hveem and Sherman (6 ) ,  used equiv

alency factors determined by equation (2 .3 ). The factors determined 

in 1962 were calculated with the AASHO road test data. In California, 

a 5,000 pound wheel load was established as a base load. They cal-



culated the value of g and f , equation (2 .3 ), as 0.5 and 0.12 respect

ively. Thus, for = 5 kips, the equivalency wheel load factor for

any load can be readily calculated from,

4.2
(2.4)Nb

Ni
wi

A ten percent load increase is made for wheels corresponding

to tandem axles, e.g. for a 32-kips, Wi equal to 4.4 since a single

wheel carries 4 kips.

Shook and Finn (7 ), at the Asphalt Institu te , introduced some 

written variation to equation (2 . 1 ) they considered more appropriate 

the model,

t  = a + f  log Ni + g Wi (2.5)

in which, a, f , and g are constants, N is the number of repetitions of

load W. From this equation, the relationship to get the equivalency 

factors can be obtained as,

\  = 10 ^Wi ■ Wb) (2 .6 )
Ni

From the AASHO data, the values g and f  were found to be 0.669 and 

5.53 respectively and with these values, the 18-kip single axle 

equivalency factor for any load can be calculated from

\  = 1 0  ° - 1 2 0 8 8  (" i - 18> (2 . 6 a)
Ni



Tandem axles have to be transformed to equivalent single axles before 

entering into equation (2 .6a ). The following equation is used for 

this purpose.

W_. = (1.14/2) X tandem axle load (2.7)

AASHO, (8 ) ,  now called AASHTO, utilized a more refined tech

nique to obtain the equivalency factors. The technique is related to 

the concept of serviceability, a subjective measure of the condition 

of a pavement. I t  is not the intent here to describe the procedure 

to obtain the equivalency factor, which, can be found elsewhere (8 ). 

AASHO factors are dependent on the structural number, a number re

lated to the structural strength of the pavement. Hence, they are 

also related to thicknesses and material quality. The AASHO equiv

alency factors are considered by many highway engineers to be the 

best ones available.

Equivalency Factors Based on Fatigue 

During the early 1940's, Hveem and Camany (9) postulated 

that fatigue type of distress can esist at the f ir s t  interface of 

asphaltic pavements, bottom of bituminous layer, as a result of re

petitive loadings. I t  is noted, however, that the existence of 

fatigue was f ir s t  hypothetized in 1938 by Bradbury (10), who also 

suggested the summation of cycles ratios as a method of handling 

repetitive loadings on the pavement. The present basis of fatigue 

of asphaltic pavements was summarized in 1969 by Deacon (11). His 

conclusions can be interpreted as follows:



1. Fatigue fa ilure is determined by the maximun tensile

strain, which causes the most damaging effect to the 

pavement. In a pavement structure, such strain 

generally corresponds to the tensile strain occuring 

at the f ir s t  interface, bottom of the f ir s t  layer.

2. Fatigue l i fe  of a pavement subject to repetitive load

ing produced by a simple load, can be represented

by the equation.

in which, N is the number of repetitions to f a i l 

ure, e the tensile strain (determinant of fatigue 

fa ilu re ), K and b are constants. The value of b 

varies usually between five and six, depending 

on the concept of fa ilu re , test procedure and 

strength of the material.

3. Fatigue behavior of the bituminous layer subject 

to repetitive loading can be expressed by a 

linear summation of cycles ratios.

In addition to the second point, other authors (12) prefer 

to represent the l i fe  of the pavement, equation ( 2 . 8 ) , using the 

stress instead of the strain; as such, the values of the constants 

of the equation w ill d iffe r.

The third point is described la ter as the concept of percent 

of fatigue l i fe  used, which is essentially the same approach as the 

summation of cycles ratios.

(2 .8 )



The procedure to compute equivalency factors is as follows, 

by definition
N

(2.9)Equivalency factor = _b
Ni

in which, is the number of base load repetitions to fa ilure and 

N-j is the number of repetitions to fa ilure of any other load. The 

fatigue equation, see equation ( 2 . 8 ) ,  for a load is ,

N_. = k 1 ]  b 
ei„

and for the base load Lu.

Nb = k

thus, equivalency factors can be calculated from,

b =
(2 . 10)

Jimenez (12) in 1969, using stress instead of strain, called 

the equivalency factor the destructive ratio . He studied the effect 

of thickness and modulus of e las tic ity  of the bituminous layer. For 

his investigations he assumed the exponent of the fatigue equation 

to be five and adopted single wheel loads. Stresses were obtained 

using Tables of Jones (13). The tables prepared by Jones are based 

on a theory for layered systems developed by Burmister (14). The 

results of Jimenez show that the variables of thickness and elastic 

modulus have effects on the equivalency factors.

Deacon (11) in a similar study in 1969, used maximum strains, 

equation (2.10), and assumed the exponent to be equal to 5.5. He 

used the Chevron computer program (15) to compute strain values.
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His-study corroborated the findings of Jimenez- on the effect of 

surface modulus, which affects significantly the load equivanency 

factors. Deacon extended his work to study the effects of other 

parameters described herein. The sub-grade modulus was found to 

have a nonsignificant effect on the equivalency factors. In com

paring single vs. dual t ire s , i t  was found that single tire s , for 

comparable loads are three times as destructive as duals. I t  is 

noted, at this point, that other procedures of obtaining equivalency 

factors for single axles, such as AASHO, California and the Asphalt 

Institute do not make distinction between single and dual tires . 

Continuing with Deacon's findings, a tandem axle load and a single 

axle load equal to 57 percent of the tandem axle load have the same 

damaging effect to the pavement. Also, the tandem axle spacing and 

the dual t ire  spacing affect the maximum strains and so the equiv

alency factors.



CHAPTER 3

GENERAL CONSIDERATIONS

Important aspects related to the purposes of this work are 

described in this chapter.

The objectives of this study were indicated in Chapter One. 

The f ir s t  objective is concerned with obtaining single and tandem 

axle loads representing single and tandem average axle load d is tr i

butions respectively. These representative axle loads w ill be called 

equivalent axle loads or EAL. Description of the load distributions 

chosens is presented la ter. The second objective is concerned with 

obtaining 18-kip single axle equivalency factors for various axle 

loads.

The asphaltic structure, adopted for this study, corresponds 

to a three layered pavement system. I t  is assumed that the l i fe  of 

a pavement is consumed by load repetitions caused by the various 

types of axles. Axle loads produce a wide range of stresses and 

strains to the pavement. The fatigue concept assumes that failure  

w ill occur due to repetitive stresses or strains. Failure w ill f ir s t  

occur at points of maximum stress or stra in , c ritica l points.

Stresses and strains depend on many factors such as load con

figuration, contact pressure, type of structure, etcetera. Contact 

pressure is assumed to be distributed over a circular area and equal 

to the t ire  in flation pressure. The load configuration corresponds

1T
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to single and tandem axles. The spacing between wheels is described 

in the next chapter.

Stresses and strain, for a single load, can be obtained using 

the Chevron computer program, and for the axle configuration, the 

ASRDSGN program. These programs are described la ter.

Axle Types

In general, there are three types of axles acting on highway 

pavements, the single axle single t ir e , the single axle dual t ire  and 

the tandem axle. Studies (11) have shown that these axles should be 

handled separately in the computation of the tra ff ic  parameter. How

ever, there exists a problem in that loadometer reports do not make 

distinction between the two types of single axles. In that view, and 

for this work, axles are classified in two groups, single axles (SA) 

which includes single and dual t ire s , and tandem axles (TA). The 

corresponding abbreviations are used throughout the work.

I t  is noted that in the SA classification, axles corresponding 

to passenger and pick-up vehicles, are not included. This, because 

their effects even in large numbers are very small compared with large

trucks. For the same reason in most of the methods of pavement design,

in the computation of the tra ff ic  parameter, axles corresponding to 

passenger vehicles are not included. J

Critical Stress and Strain

The description of c ritica l stresses and strains, correspond 

to results of investigations by Jimenez at the University of Arizona,

(2) and (16), the new report in 1975.
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In a three layered pavement structure system, c r it ic a l . 

stresses and strains occur at the interfaces. The f ir s t  interface 

is between the f ir s t  and second layer, and the second interface is 

between the second and third layer. The free surface may also be 

called the Oth. interface. The c ritic a l stress corresponds to a ten

s ile  stress which occurs at the f ir s t  interface, bottom of f ir s t  layer. 

The c ritica l strain corresponds to a vertical strain which occurs at 

second interface, top of third layer (subgrade).

Since Vehicle axles through their respective wheels w ill 

transmit the load to the pavement structure, the position of c ritica l 

stress and strain points with respect to the axle configurations are 

considered very important. These positions are described in the next 

paragraphs.

For a single axle the c ritic a l tensile stress point is located 

right under the center of the wheel whereas the c ritic a l vertical 

strain is located under the mid-point between the two wheels conform

ing the dual element.

For a tandem axle, the c ritica l stress point is located right 

under a wheel center. C ritical strain occurs generally below the 

center between two wheels.

Throughout this report, the terms stress and strain w ill cor

respond to the c ritica l stresses, and strains described in the preceding 

paragraphs.
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New Method of Pavement Design 

The new method developed at the University of Arizona in 1972

(2 ), whose relationship with the present work was indicated in Chapter 

One5 has the following characteristics:

1. I t  is based on fatigue properties of pavement mater

ia ls , and on the percent of fatigue l i fe  used concept.

2 . I t  considers the pavement structure as a three layered 

system with the third layer of in fin ite  thickness.-

3. I t  considers stress and strain repetitions at c ritic a l 

points where pavement.fatigue is most like ly  to occur 

f ir s t .

4. Traffic  loads are classified in form of five groups 

of axles corresponding to a) passenger vehicles,

b) pick-ups, c) front axles, d) single axles and 

e) tandem axles.

5. One axle load represents the load distribution of 

each classification.

6 . Design thicknesses, of the bituminous surface and 

base layers, are calculated by a tr ia l and error 

procedure.

7. In most of i t ,  the method, used a computer program 

called ASPDSGN, which fac ilita tes  the calculation 

procedure. A description of important characteris

t ic  of ASPDSGN is presented la te r.



Concept of Percent of Fatigue Life Used...............................

I t  is well known that fatigue l i f e  of a material subject to a 

repetitive stresses can be expressed by an exponential equation of 

the form

N = (Io /S )b (3.1)

where,

n = number of repetitions of load W, to fa ilu re

lo = a measure of strength of the material

b = a exponent

S = stress caused by load W

The equation expresses the allowable repetitions (N) of load P causing 

stress S. Sim ilarly, the l i fe  of a pavement, strain consideration, 

can be calculated using equation (2 . 8 )

Mixed tra ff ic  transmit to the pavement, loads of different 

magnitudes. The procedure to deal with this tra ff ic  characteristic, 

for purposes of the new method of pavement design and also for pur

poses of the development of the present thesis is based on the concept

of fatigue l i fe  used, (by any load) which can be described by the fo l

lowing assumptions.

1 . N| repetitions of stress (or strain E-j) caused.by 

a load of magnitude W-j, uses a.certain percent of the 

fatigue l i fe  of the pavement. This percentage can be 

calculated dividing N , the actual repetitions, by the 

allowable repetitions (equation 3.1) correspondent to 

the respective stress (or strain) and multiplying times 

a hundred.
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2. The percent of l i fe  used by repetitions of the d if 

ferent load magnitudes are.accumulative.

3. The total percent,of l i fe  used.accumulated is not 

affected by the order in which repetitions of the 

various load magnitudes are applied.

Computer Programs

Chevron Program

This program, described by Michelow (15) in 1963, computes the 

stress, strain and vertical displacements at any point below.the load 

of a layered system. The program is based on a theory developed in 

1943 by Burmister (14). The need of a satisfactory procedure to cal

culate stresses and strains of layered pavements systems at any point 

was the main reason behind the development of the program.

The layered system for which the method was devised corresponds 

to the following assumptions:

1. The system is half space; i .e .  semi in fin ite .

2. The semi in fin ite  solid is perfectly e lastic , homoge

neous, and isotropic.

3. Interfaces of layers are rough.

4. The load is uniformily distributed on a circular area 

on the free surface (0 * * 1 interface); and i t  is normal 

to the free surface.

Other important characteristics of the program are, its  

capability of solving stresses and strains for a system with any 

number of layers. Input variables of the program are the number of
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... --|ayers and thetr thicknesses, the load magnitude, the t ire  in flation-*A- 

pressure, and the elastic moduli and Poisson's ratios of the different 

layers.

The ASPDSGN Program

This program in most of i t ,  uses the Chevron program (15), 

which, was introduced as a subroutine with some modifications. The 

most important modification is that i t  was fixed to calculate c r i t i 

cal stresses and strains at c ritica l points for loads corresponding to 

various types of axles.

The functions of the'main program of ASPDSGN can be described 

as follows. I t  compiles c ritica l stresses and strains, calculated by 

Chevron, produced by the various types of axles. I t  calculates a l

lowable repetitions for each type of axle, for this purpose, fatigue 

equations are used. I t  calculates the percents of pavement l i fe  

used by actual repetitions of each axle type. The addition of these 

percentages gives the total percent of l i fe  used.

The basic input variable for the program are layer thicknesses 

and elastic moduli, the constant parameters of the fatigue equation 

and the design number of load repetitions for the d ifferent types of 

axles.

Stored in the program are also semi-permanent data which in

cludes wheel loads, t ire  pressure axle spacing and values of poission's 

ratio . The wheel loads, used in 1972,.are not representatives of the 

load distribution, and as indicated before, i t  is the concern of the 

present work.
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Also 5 the program' considers envirdmentaT effects "on the™ 

elastic moduli of the bituminous layer and subgrade but these are 

not a concern of this thesis.



CHAPTER 4

VARIABLES OF THE STUDY

A large number of parameters affect the values of the E A L 

and equivalency factors. I t  is not possible to consider a ll these 

parameters as variables, thus, i t  w ill be limited to the most impor

tant ones. The parameters considered as variables for this work are, 

layer thickness, fatigue type (stress and s tra in ), and for the case 

of stress, the constants of the fatigue equation.

Layer Thickness

The pavement structure was described as a three-layered system. 

Where, only the f ir s t  and the second layer can be variables for the 

third is of in fin ite  depth. The following combinations w ill be stud

ied in this work,

1. H-j = 2 in . , Hg = 20 in.

2. H] = 4 in . , Hg = 16 in.

3. H-j = 8  in . , Hg = 8  in.

4. H-j = 8  in . , Hg = 16 in.

These values were chosen as representative of the range generally used 

in pavement design.

Fatigue Type and Equation

As described in Chapter Three, fatigue occurs f ir s t  at points 

of maximum stress or strain (c ritic a l points). C ritical points were

19
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described in Chapter Three. In this work, for the c ritica l point - 

located in the bottom of the f ir s t  layer, the fatigue equation cor

responding to stress for two sets of constants w ill be used. The 

equation for stress w ill be:

The f ir s t  equation was considered acceptable by Jimenez (2) in 1972, 

and the second was obtained in an experimental test at the University 

of Arizona by Jimenez (15) in 1975.

For the case of strain, the c ritica l point is located at the 

top of the subgrade, and the fatigue equation is as follows.

The Fixed Parameters 

Other parameters related to the E A L and to the equivalency 

factors, which can not be analyzed at this time, w ill be treated as

constants. The fixed parameters w ill be load configuration, t ire  in 

flation pressure, the elastic moduli and Poisson's ratios of the d if 

ferent pavement layers and.the load distribution. Most of the values 

adopted for these parameters, in this report, are the same as those

adopted for the new method of pavement design.

Load Configuration and Tire Inflation Pressure

In the preceding chapter, i t  was indicated that axles for 

this work are classified in two groups, SA dual tires and TA. Tire .

spacing adopted for these axles are as follows:

1. N = (1800/S)5

2. N = (2200/S) 3 , 5 6

(4.1)

(4.2)

N = (0.0105/e)5 (4.3)



dual wheel spacing = 13.0 in. (for both axle types)

tandem axle spacing = 48.0 in.

The load, transmitted to the pavement by the tire s , w ill be as

sumed of circular area with pressure equal to the in flation  pressure of

the t ire . These assumptions are generally adopted by researchers in

volved in similar investigations (2). Tire inflation pressure for 

both types of axles w ill be assumed equal to 105 psi (15).

Elastic Moduli and Roisson's Ratios

The values of elastic moduli and Roisson's ratios adopted for 

the three layered pavement system, are:

f ir s t  layer = 200000 psi, = 0.35

second layer Ê  = 20000 psi, = 0.45

third layer Ê  = 6000 psi, = 0.50

Load Distribution

The load distribution affects the E A L, but not the equivalency 

factors. This work w ill use eight year average SA and TA load d is tr i

butions corresponding to the interstate rural highways of the State of 

Arizona. The distribution is presented in appendix A. The cumulative 

load distributions corresponding to the average distributions are pre

sented in Figures 1 and 2 for single and tandem axles respectively.

These figures were used to obtain the percentiles to which the E A L 

correspond in the distribution.
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CHAPTER 5

THE EQUIVALENT AXLE LOAD

The tra ff ic  parameter, in pavement design, refers to trans

forming an actual number of applications of a wide range of axle loads 

into an equivalent number of applications of a base.load. For this 

purpose, the load distributions for single and tandem axles, the 

actual number of load applications and the equivalency factors for 

the various load categories are usually given.

Usually, in designing pavements corresponding to a certain 

type of road, one average load distribution is used for a period of . 

time. In these cases, i f  one load stands for the load distribution, 

an equivalent axle load, then, i t  would not be necessary to calculate 

the number of equivalent applications for every design» but just use 

the E A L and the actual number.of applications. Thus, the use of 

the E A L, in pavement design, would.represent a saving.in time. The 

State of Arizona, for example, uses a five year average distribution, 

and so, the use of an E A L would be applicable.

The concern of this chapter w ill be the description of the pro- 

cedure to obtain the E A L based on fatigue and the results obtained 

for the various variables of the study described in Chapter Four.

Axle Load Groups

In Appendix A ., the wheel load distributions corresponding to 

single and tandem axles are presented, and the average SA and TA dis-
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TABLE 1 

AXLE AND WHEEL LOAD GROUPS 

SINGLE AXLES

NO.
AXLE LOAD 

GROUP (KIPS)
REPRESENTATIVE 
AXLE LOAD (LBS)

WHEEL 
LOAD (LBS)

% OF ALL AXLES 
IN GROUP

1 1 - 8 4500 1125 28.02

2 8 - 1 2 1 0 0 0 0 2500 45.80

3 1 2  - 16 14000 3500 14.56

4 16 - 18 17000 4250 8.55

5 18 - 2 0 19000 4750 2.69

6 2 0  - 26 23000 5750 0.38

TANDEM AXLES

NO.
AXLE LOAD 

GROUP (KIPS)
REPRESENTATIVE 
AXLE LOAD (LBS) ;

WHEEL 
LOAD (LBS)

%. OF ALL AXLES 
IN GROUP

1 2 - 18 1 0 0 0 0 1250 31.73

2 18 - 24 2 1 0 0 0 2625 23.83

3 24 - 30 27000 3375 21.58

4 30 - 32 31000 3875. 9.24

5 32 - 34 33000 4125 4.94

6 34 - 36 : 35000 4375 2.45

7 36 - 42 39000 4875 3.38

8 42 - 50 46000 5750 2.85
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tributton was obtained. After some analysis of these distributions, 

six load groups for single axles and eight load groups for tandem 

axles were chosen a rb itra rily .

The representative wheel load for a load group, in the case of 

SA corresponds to the axle load divided by 4 (the number of t ire s ), and 

s im ilia rily , for TA i t  corresponds to the axle load divided by 8 . The 

axle load groups are presented in Table 1. Wheel loads are needed to 

enter the computer program to calculate c ritica l stresses and strains.

Procedure

The procedure to obtain the equivalent axle load based on 

fatigue, is similar for the stress and strain considerations. For 

that reason, describing the procedure for one of these two considera

tions is suffic ient. The parameters chosen for the description, cor

respond to the case of stress.

The nomenclature used for the various parameters corresponds to 

the following:

Pj = axle load representing the ith  axle load group,

n-j = number of repetitions in the ith  axle load group

as a percent of total repetitions.

= stress at c ritica l point caused by load P .̂

= allowable repetitions corresponding to stress S-.

PLU-j = percent of pavement l i f e  used by .

Pe = equivalent axle load.

Se = stress at c ritica l point caused by Pe.

Ne = allowable repetitions of stress Se .
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also,

i =  k,
n = >  n- = 100 (k = 6 for SA and k = 8 for TA)

1 =  1 1

The value of n, assumed one hundred, does not affect final results.

The percent of pavement l i fe  used by each load group is

PLU = H i 100 (5.1)
Nt

Applying properties of linear sumation of cycles ratios, the percent 

of l i fe  used by total number of repetitions, n, is 

i = k
PLU = 5  ' PLU-j ( 5 . 2 )

i = 1

By the definition presented in Chapter One, the l i fe  used by the E A L 

is the same. Thus, the allowable repetitions for the "E A L" is ,

Ne = pftj 1 0 0 , (5.3)

the stress which corresponds to this allowable repetitions can be cal

culated with the fatigue equation,
- 1 /b

Se = I 0 (Ne) , (5.4)

and this stress corresponds to the equivalent axle load, P0. The load 

Pe can be obtained from the curve load vs. stress, Figures 3 and 4.

Sim ilarity Figures 5 and 6 , load vs. strain, can be used to obtain

E A L for strain consideration.

Also, the corresponding percentile to load Pe can be obtained 

from the cumulative average load distribution curve, Figures 4.1 and 

4.2 for single and tandem axles respectively.
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Example: Calculation of the E A ,1 for the following conditions,

stress consideration. The fatigue equation with con

stants -

b = 5 and I = 1800 o
Axle type, SA

Pavement thickness, HI = 8.0 in. and H2 = 8.0 in.

Other parameters, fixed for the study such as elastic

moduli, load distribution, t ire  pressure, with values

as described in Chapter I I I .  Regional factors, -factors

required to enter the ASPDSGN Program, are.assumed

equal to one.

In Table 2, f ir s t  column, are presented the representative loads 

of the axle load range. In the second column is presented the percen

tage wise load distribution, obtained from Table 1 .

Continuing with Table 2 the percent of l i fe  used by a hundred 

repetitions was calculated as follows. Critical stresses caused by 

axle Toads, are presented in column three. These stresses were cal

culated using the ASDSGN computer program. With these values the 

load vs. stress curve can be plotted. Knowing the c ritic a l stresses, 

the corresponding allowable repetitions can be calculated using 

equation 4.1, they are presented in column four. The f if th  column 

corresponds to percentages of pavement l i fe  used by each load.group.

They were calculated using equation 5.1. The sum of these percentages 

would be the total PLU by the hundred repetitions (equation 5 .2 ). This 

sum corresponds to 82.15 X 10 "6.
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TABLE 2

CALCULATION OF THE PERCENT OF PAVEMENT 

LIFE USED FOR A HUNDRED REPETITIONS

(type of axle SA) S = 1800 (n)

H] = 8 , H2 = 8

AXLE
LOAD

(LBS)
REPETITIONS STRESS

(psi)

ALLOWABLE 
REPETITIONS 

( X 106)

%
LIFE USED 
( X 10 "6)

4500 28.02 17.0 13300. 0 . 2 1

1 0 0 0 0 45.80 35.8 322. 14.24

• 14000 14.56 48.5 70.5 2 0 . 6

17000 8.55 57.4 30.2 28.3

19000 2.69 63.1 18.8 14.3

23000 0.38 74.0 8.5 4.5

SUM 1 0 0 82.15
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  The allowable repetitions- for the E A L can be.calculated with'

equation 5.3.

Ne = : ____IQCt .  ... ,  X 1 0 0  = 121.7 X 1 0 5
82.15 X 10 " 5

equation 6.4 gives the corresponding stress9

Se = 1800 (121.7 X 1 0 5 ) " l / 5  = 43.5,,psi

With this value entering Figure 3, curve corresponding to HI = 8  in. 

and H2 = 8  in . , the E A L corresponds to 12,400 lbs. Finally , enter

ing with this load into Figure 1, curve corresponding to the average 

load distribution, i t  is determined that the 75 percentile corresponds 

to this particular E A L.

Results

In Tables 3 and 4, for single axles (S.A.) and tandem axles 

(T.A .) respectively are presented the results, of the E A L obtained 

for the various variables. In these tables, also presented are the 

stresses and strains produced by the E A L and the corresponding a l

lowable repetitions. Recall that, in this report, c ritica l stress 

and strain correspond.to two different points of the pavement struc

ture. C ritical stress is the maximum tensile stress in the bituminous 

layer and c ritica l strain is the maximum vertical stress occurring in 

the subgrade. The pavement is considered failed i f  a localized f a i l 

ure occurs at any one of the c ritic a l stress or strain points. I t  

is assumed that a localized fa ilu re , at a.particular c ritic a l point, 

occurs after the number of load repetitions reaches the allowable.



TABLE 3

THE EQUIVALENT AXLE LOAD FOR THE SA AVERAGE LOAD DISTRIBUTION 

CORRESPONDING TO INTERSTATE RURAL HIGHWAYS

H1

(in)
y

(in)

EXPON1• 
(b)

STRESS
(psi)

STRAIN
(10-5)

ALLOWABLE REPETITIONS 
X 106 E A L. (LBS)

STRESS STRAIN STRESS STRAIN

2 2 0 5.0 159.7 - 42.9 0.182 8 .79 9200 12800

4 16 5.0 8 8 . 8 - 44.1 3.42 7.64 10800 12800

8 8 5.0 43,5 - 38.0 121.7 16.1 12400 12800

8 16 5.0 38.5 - 25.5 223.4 117.8 12400 12800

2 2 0 3.56 152.9 - 42.9 0.013 8.79 7800 12800

4 16 3.56 . 8 6 . 1 - 44.1 0 . 1 0 2 7.64 10400 12800

8 8 3.56 41.0 - 38.0 1.44 16.1 11600 12800

8 16 3.56 36.4 - 25.5 2 . 2 0 117.8 11600 12800

T ' •used only to differenciate the two fatigue equations for "stress".



TABLE 4

THE EQUIVALENT AXLE LOAD FOR THE TA AVERAGE LOAD DISTRIBUTION 

CORRESPONDING TO INTERSTATE RURAL HIGHWAYS

H1
(in)

H2
(in)

EXPON
(b)

STRESS
(psi)

STRAIN
(10-5)

ALLOWABLE REPETITIONS 
X 106 E A L..(LBS)

STRESS STRAIN STRESS STRAIN

2 20 5.0 162 - 47.6 0.169 5.22 19400 28400

4 16 5.0 93.1 - 48.7 2.70 4.65 24200 28400

8 ' 8 .. 5.0 44.6 - 41.4 107.4 10.43 27600 28400

8 16 5.0 40.0 - 29.1 184.7 60.6 27600 28400

2 20 3.56 154 -  47.6 0.013 5.22 16200. 28400

4 16 3.56 89.8 - 48.7 0.882 4.65 22800 28400

8 8 3.56 42.1 - 41.4 1.31 10.43 25800 28400

8 16 3.56 37.9 - 29.1 1.91 60.6 25600 28400

one tandem axle = two single axles, repetitions for SA
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•Thus, the l i f e  of the pavement Is governed by the lowest allowable re

petitions given by one of the fatigue equations for stress and the 

equation corresponding to strain.

Assume, for example, that the performance of the two critica l 

points are governed by the equation, stress consideration, with expor 

nent five , equation (4 .1 ), and the strain equation, equation (4 .3 ). 

Comparing the allowable E A L repetitions, see Tables 3 and 4, i t  is 

noted that for the two f ir s t  pavements, = 2, = 20, and = 4 ,

Hg = 16, the l i fe  of the pavement is governed by the fatigue equation for

stress, which gives lower allowable repetition. In the other two 

cases i t  is governed by the equation for strain. Thus, the E A L, 

to be used for the SA case, for example, should be 9,200 and 10,800 

pounds for the f ir s t  and second pavements respectively, and 12,800 

pounds for the last two, see Table 3.

I f  the equation governing the performance of the c ritica l 

stress point is the one with exponent 3.56, equation (4 .2 ), then com

paring the allowable repetition for stress versus the allowable for 

strain, i t  is noted that the l i fe  of a ll the pavements adopted in 

this report, would be governed by the consideration of stress. Thus 

the E A L to be used for the SA case, for example, would be 7,800 

and 10,400 pounds for the f ir s t  two pavements and 11,600 for the other 

two, (See Table 3).

The^effects of the variables studied are apparent in Tables 3 

and 4. I t  can be inferred that the type of fatigue equation and thick

ness of the bituminous layer in the case of stress, do affect the
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-value-of the E A L„ However, in- the case of strain,-thickness does -...

not effect the E A L values, which remain constant and equal to 12,800 

and 28,400 for SA and TA respectively.

In the case of stress and for SA, the E A L values correspond

ing to the equation with exponent five ranges from 9,200 to 12,400 and

the values corresponding to the equation with exponent 3.56 ranges

from 7,800 to 11,600, (See Table 3 ). I t  is observed that the thicker 

the bituminous layer, the larger the value of the E A L, and also, 

the better i t  approaches to the value corresponding to strain. The 

same observation is valid for the values obtained for TA.

The percentiles, to which the equivalent loads correspond, are 

presented in Table 5. These values vary correspondingly with the E A L 

values. Thus, a discussion of these values is not considered impor

tant. They are important for future reference and for studies using 

as variable the load distribution. However, an important observation 

is made for. the values corresponding to stress and for the thin 

asphaltic layer pavement, HI = 2 ,  the percentiles for the E A L fa ll  

below the median, which, is outside any expectancy. The main reason 

is the fact that the largest loads do not produce the largest c ritica l 

stresses in that pavement, see Figures 3 and 4.
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TABLE 5

PERCENTILES CORRESPONDING TO THE E A L

SINGLE AXLES

H1 h2 b1
E A L

------------- --------.V

PERCENTILE
STRESS STRAIN STRESS STRAIN

2 20 5.0 9200 12800 43 78
4 16 5.0 10800 12800 58 78
8 8 5.0 12400 12800 75 78
8 16 5.0 12400 12800 75 78
2 20 3.56 7800 12800 28 78
4 16 3.56 10400 12800 57 78
8 8 3.56 11600 12800 70 78
8 16 3.56 11600 12800 70 78

4---------------- ----

TANDEM AXLES

H1 H,
bl

E A, L PERCENTILE
STRESS STRAIN STRESS STRAIN

2 20 5.0 19400 28400 36 69
4 16 5.0 24200 28400 56 69
8 8 5.0 27600 28400 66 69
8 16 5.0 27200 28400 65 69
2 20 3.56 16200 28400 23 69
4 16 3.56 22800 28400 51 69
8 8 3.56 25800 28400 62 69
8 , 16 3.56. , 25600 • 28400 61 69



CHAPTER 6

EQUIVALENCY FACTORS

Equivalency factors are used to transform an actual number of 

load repetitions, corresponding to any range of axle loads, to an 

equivalent number of a base load repetitions. The general expression 

to obtain equivalency factors, for the case of stress was described 

by equation (2.9) and (2 .10), therefore

Fi =

ei (6 . 1)

The equation to obtain equivalency factors for the case of stress can 

be obtained following the same criterion used for the case of strain 

(see equation 2.10). Therefore for the case of stress, the equivalency 

factors, F-j can be obtained from,

Fi = (6 . 1 )

in which, is the stress produced by the load and is produced 

by the base load . Note that the equivalency factors depend only on 

one of the constants of the fatigue equation, the exponent. The 

stresses and strains ê  depend on a number of variables such as 

pavement thickness, elastic moduli, load configuration, poisson's 

ratios for the pavement layers, t ire  pressure and others of lesser 

significance.

39
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Equivalency factors were calculated to reference to an 18-kip 

single axle load, for the loads presented in Table 1. The 18-kip 

base load is widely used in highway engineering and pavement design.

The AASHO factors (8) presented in Tables 6 and 7 for purposes 

of comparison, are those corresponding to the pavement sections studied. 

I t  is known that AASHO factors vary with the structural number (SN) which 

is related to pavement system thicknesses and layer strength.

The SIN corresponding to the pavement sections adopted for the 

study correspond to AASHO constants â  = 0.44 and a_ = 0.14. They are,

H1 = 2 H2 = 20 SN = 3.7

H1 = 4 H2 = 16 SN = 4.0

H-j = 8 H2 - 8 SN — 4.6

H-j = 8 H2 = 16 SN = 5.8

The AASHO factors correspond to pavements, which, are consider

ed failed when the serviceability index reaches 2.5. Serviceability 

index is a subjective number expressing the condition of the pave

ment. The larger the index, the better the pavement condition.

Results

The equivalency factors, EF, obtained for the variables fatigue 

equation and thicknesses, are presented in Tables 6 and 7 for single 

and tandem axles respectively. In these Tables are also presented the 

equivalency factors determined by AASHO. The AASHO factors are pre

sented for purposes of comparison.

The effect of the fatigue equations used on the values of the 

EF is apparent in Tables 6 and 7. Thus, the type of fatigue equation
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18-KIP SINGLE AXLE EQUIVALENCY FACTORS BASED

ON FATIGUE, COMPARED WITH AASHO FACTORS FOR SA

THICK AXLE LOAD STRESS AASHO
NESSES (LBS), * EXP0N=5.0 EXP0N=3.56 STRAIN Pt=2.5

0
, CXi 4500 0.16 0.27 0.0011 0.006

CO
II 10000 0.68 0.76 0.056 0.11

Lf).
cx

r n 14000 0.94 0.96 0.29 0.39
17000 1.00 1.00 0.75 0.83

CXI 18000 1.00 1.00 1.00 1.00
lw

II 19000 1.00 1.00 1.30 1.24
23000 0.94 0.96 3.28 2,53

r £ ~

t o

11 4500 0.013 0.046 0.0011 0.005
t o CXI 10000 0.22 0.34 0.056 0.10

z c ' 14000 0.57 0.67 0.29 0.39
ecx 17000 0.91 0.94 0.75 0.83

^s- 18000 1.00 1.00 1.00 1.00
loo II 19000 1.14 1.10 1.30 1.24

nE” 23000 1.66 1.43 1.31 2.49

CO 4500 0.0018 0.011 0.0011 0.005
0

II 10000 0.074 0.16 0.055 0.09
<3-

CXI
z c 14000 0.34 0.46 0.29 .. 0.81

II 17000 0.78 0.84 0.76 0.82
| z CO 18000 1.00 1.00 1.00 1.00|oo

II 19000 1.25 1.18 1.30 . 1.25
23000 2.78 2.07 3.32 2.57

z c

' to
II 4500 0.0020 0.012 0.010 0.004
CXi 10000 0.081 0.17 0.055 0.08

CO
z n 14000 0.35 . 0.48 0.29 0.34

11 17000 0.79 0.85 0.76 0.81 '
CO 18000 1.00 1.00 1.00 1.00

loo II 19000 1.25 1.17 1.31 1.28
zc" 23000 2.69 2.02 3.38 2.75

..... .......J
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TABLE 7

18-KIP SINGLE AXLE EQUIVALENCY FACTORS BASED 

... ON FATIGUE, COMPARED WITH AASHO FACTORS FOR TA

e------------ --------- y

THICK-" AXLE LOAD STRESS AASHO
NESSES (LBS) EXP0N=5.0 EXP0N=3.56 STRAIN Pt.=2.5

o 10000 0.40 0.65 0.0035 0.01
*

CXJ 21000 1.44 1.59 0.14 0.19
CO

II 27000 1.84 1.88 0.47 0.48,,,
in cxn: 31000 1.94 1.96 0.94 0.80
ii 33000 2.00 2.0 1.27 1.00

CM 35000 2.00 2.0 1.70 1.25loo H 39000 2.00 2.0 2.89 1.87
dET 46000 1,88 1.92 6.43 : 3.46

CO '10000 0.039 0.12 0.0035 0.01 ’
21000 0.49 0,73 0.13 0.18

LO 27000 0.98 1.20 0.47 0.47
31000 1.39 1.54 0.91 0.80

.11 33000 1.59 1.70 1.25 1.00
[z: 35000 1.83 1.88 1.66 1.25loo

II 39000 2.28 2.20 2.82 1.86
46000 3.18 2.73 6.29 3.40

10000 0.0042 0.025 0.0032 0.01
21000 0.13 0.29 0.13 0.16

o 27000 0.40 0.64 0.44 0.44 -
31000 0.74 0.98 0.86 0.78

ii 33000 0.96 1.19 1.17 0.99
CO 35000 1.24 1.42 1.56 1.24|oo 11 39000 1.95 1.96 2,65 1.88
n= 46000 3.81 3.17 5.93 3.50

CO 10000 0.0053 0.029 0,0039 0,01
21000 0.16 0/33- 0/16 0.14

II 27000 0.46 0.70 0.55 0,41
CO CM~T~ 31000 . 0.83 1,07 1.09 0.74
ii 33000 1.06 1,28 1.48 0.96

co 35000 1.35 1.51 1.97 1.23
il * 33000 2.10 2.07 3.35 1.98

46000 4.10 3.28 7.53 3.73=zT

i



has -a significant effect of the -EF values. .........  - :------------

In a comparison of the EF values corresponding to stress 

versus the EF values corresponding to stra in , i t  can be noted, that 

the difference between them is large for thin bituminous layer pave

ments. The largest difference exists for the HI -  2, H2 = 20 pave

ment. The difference between EF for stress and EF for strain reduces 

for thicker asphaltic layer pavements.

Considering the EF values, for the two cases of stress only, 

the difference between them was expected. This because, in obtaining 

the EF, for an axle load, see equation (6 .1 ), the same stress values 

are used in both cases, leaving the exponent as the.only source of 

variab ility . Thus, the possibility of equal EF values for the two 

cases of stress does not exist, except for the base load which has 

the EF value of one.

The effect of pavement thicknesses, on the EF values, can be 

analyzed as follows. Comparing the EF values corresponding to the 

pavements with equal base thickness, H2 = 16, and different asphaltic 

layer thickness, i .e .  HI = 4 and HI = 8 ,  i t  is observed, in the case 

of stress, that the effect of thickness of the bituminous layer is 

highly significant. But for the case of strain, only for TA the 

difference is significant, while for SA, the values of the EF factors 

for the two pavements have small difference or nonsignificant for 

a ll practical purposes.

Comparing the EF values corresponding to pavements with equal 

bituminous layer thickness, HI = 8, but different base thickness, 1.



H2 = 8 and H2 = 1 6 , see Tables 6 and 7, i t  can be observed, in the 

case of stress, that the base thickness effect on the EF is small or 

nonsignificant. This was also indicated by Deacon (11). In the case 

of strain, base thickness has also a nonsignificant effect on the EF 

values corresponding to TA. Thus, i t  is apparent that the difference, 

between EF for SA and TA, is due to the load configuration effect.

Compared with AASHO factors, the EF obtained, see Tables 6 

and 7 for SA and TA respectively, show a significant difference in 

most cases. In the case of stress and for thin bituminous layer pave

ments the EF had the largest deviation from AASHO factors. But, for 

the thicker HI, better approximations were obtained.. Specially, in 

the case of the pavement with HI = 8 and H2 = 16, the EF values, cor

responding to the stress equation with exponent fiv e , had the best 

sim ilarity to AASHO factors, the difference can be considered non

significant.



CHAPTER 7

CONCLUSIONS

I t  has long been desirable to have a simplified and acceptable 

method to calculate the tra ff ic  parameter for purposes of pavement de

sign. The use of equivalent loads for single and tandem axle load 

distributions, can be one way of simplification. The fact that load 

distributions vary for the different road types and locations, re

presents a problem. However, grouping roads based on sim ilarities  

of loading characteristics and using an average load distribution for 

them, seems a reasonable approach to the problem.

Analysis of the E W L for the Variables Studied 

The parameters, adopted as variables for the study, were des

cribed in Chapter Four.

Effect of the Type of Fatigue Equation

Assuming that equations (2.8) and (3 .1 ), i . e . ,

N = K " I " k and N = lo r l I
e 5

govern the fatigue performance of the two pavement structure critica l 

strain and stress points, respectively, then, in a given case, the 

equation giving the lowest allowable repetition w ill govern the l i fe  

of a pavement. In Table 3 are presented the allowable repetitions for 

the E A L, corresponding to the preceding equations, i t  is apparent, 

in the table, that the l i fe  of some pavements w ill be governed by the
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equation corresponding to strain. Hence, for any given case, the 

prime E A L w ill not be the larger, but the one corresponding to the 

equation giving the lowest allowable repetitions.

The type of fatigue equation has a significant effect on the 

E A L, se Tables 3 and 4 for SA and TA respectively.. The smaller 

values correspond to the equation, stress consideration, with con

stants lo and b equal to 2,200 and 3.5 respectively the largest E A L 

values correspond to the equation for strain consideration.

Effect of the Various Thickness Combinations

From the E A L results presented in Tables 3 and 4 for SA and 

TA respectively, the following tentative conclusions can be drawn:

1. Stress consideration, thickness of the bituminous 

layer has a significant effect of the E A L results.

The thinner the layer thickness, the smaller the 

value of the E A L. Comparing the values for con

stant bituminous layer thickness but d ifferent base 

thickness, i t  seems that change in base thickness 

does not affect the E A L, however, to reach an ac

ceptable conclusion i t  would require further research.

2. Strain consideration, change of thickness of any 

layer does not affect the E A L.

The percentiles presented in Table 5, obtained from.the SA 

and TA cumulative load distributions, varies correspondingly with the 

equivalent wheel Toads. I t  is interesting to note that the E A L, 

stress consideration and for the very thin pavement surface layer,



with HI = 2, the percentile calculated is. below the median of the load 

distribution, which goes against what would.have been excepted.

Analysis of the Equivalency Factors 

Effect of the Type of Fatigue Equation

In Tables 6 and 7, for SA and TA, i t  can be observed the 

following:

1. The type of fatigue equation has a significant effect 

on the values of the equivalency factors.

2. As compared with AASHO, best results for SA and TA 

were obtained for the fatigue equation correspond

ing to stress with exponent fine.

Effect of Thickness

Results confirm the investigations of Jimenez (12) and Deacon 

(11). Thickness of the bituminous layer has a significant effect of 

the value of the equivalency, factors. ^

Thickness has larger effect for the case of stress than for 

the case of strain. Equivalency factors,.strain consideration, have 

very small variab ility  especially for the case of SA. (See Table 6).

Comparing with AASHO factors, the factors corresponding to 

stress are better for pavements with thicker surface la y e r .. The best 

approximation to AASHO was obtained for H-j = 8, Hg = 1 6 . The highest 

deviation to AASHO factors existed for the very thin surface layer 

pavement. (H-j = 2 ).  Factors corresponding to strain consideration, 

are in general significantly different from AASHO factors.
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As long as the concept of pavement fa ilure  is not standardized, 

the question on what equivalency.factors should be used in pavement 

design, should be le f t  to the designer. However, the designer should 

be aware that a localized fa ilu re  at the subgrade, for example, may be 

costlier than the rid a b ility  type of fa ilu re .



APPENDIX A

Single and Tandem Axle Load Distribution 

and Distribution of Commercial Vehicles
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TABLE - A

PERCENTAGE-WISE SINGLE AXLE LOAD DISTRIBUTION FOR ALL 

COMMERCIAL VEHICLES1 INTERSTATE RURAL HIGHWAYS OF ARIZONA

LOAD 
GROUP (KIPS) 1965 ■ 1966 • 1967 1968 . 1959 1970 1972 1973 AVERAGE

under 3.0 1.2 1.3 2.6 1.4 0.2 0.5 1.0 1.7 W
3.0 - 6.9 24.0 26.2 21.0 21.5 14.9 21.2 15.9 18.5 19.17.0 - 7.9 12.9 11.5 9.4 11.9 11.2 5.7 6.3 5.1 7.88.0 - 11.9 40.6 40.3 44.3 41.9 41.6 47.7 47.8 48.7 45.812.0 - 15.9 13.0 10.7 10.3 13.5 15.1 15.3 15.4 16.0 14.616.0 - 17.9 6.1 7.3 7.9 6.3 14.2 , 7.0 10.6 6.9 8.518.0 - 19.9 1.8 2.4 3.1 2.6 2.7 2.3 2.9 2.8 2.720.0 - 21.9 .0.3 0.3 1.2 0.5 0.1 0.1 0. 0.1 0.222.0 - 23.9 , 0.2 0.1 0.3 0.1 0. 0.2 0.124.0 - 25.9 0.1 0.
26.0 - 30.0 0.1 0.12
30.0 or over

- ■ - /

Excludes pickups



TABLE A2

PERCENTAGE-WISE TANDEM AXLE LOAD DISTRIBUTION FOR ALL 

COMMERCIAL VEHICLES. INTERSTATE RURAL HIGHWAYS OF ARIZONA

LOAD
GROUP (KIPS) 1965 1966 .1967 . 1968 1969 1970 1972 1973 AVERAGE

under 6.0 3.4 373.6 0.8 3.7 2.1 0.1 0.0 0.0 1.7
6.0 - 11.9 18.6 17.5 15.0 19.1 16.2 10.2 4.0 2.3 13.6
12.0 - 17.9 17.0 17.3 20.6 19.5 22.4 10.2 12.3 13.3 16.3
18.0'- 23.9 31.3 27.3 25.0 31.2 39.7 15.3 8.1 . 10.6 23.8
24.0 - 29.9 22.8 27.2 22.2 18.4 14.3 26.7 14.2 16.4 21.5
30.0 - 31.9 5.4 5.0 8.9 5.8 3.6 20.8 5.8 5.0 9.2
32.0 - 33.9 1.4 1.8 4.5 . 1.3 1.0 10.6 9.5 6.7 4.9
34.0 - 35.9 0.1 0.0 1.5 0.2 0.3 4.0 8.0 8.4 2.4
36.0 - 37.9 0.1 . 0.0 0.4 0.3 0.3 0.9 8.0 6.1 1.4
38.0 - 39.9 0.1 0.1 0.2 0.0 0.8 7.0 5.8 1,0 )
40.0 - 41.9 0.0 0.3 4.8 6.3 0.0
42.0 - 43.9 0.1 0.1 7.8 5.9 1.1
44.0 - 45.9 7.8 3.2 0.6
46.0 - 49.9 4.3 9.0 0.8
50.0 or over - 5.5 

0.7
0.9 O.T



TABLE A3

DISTRIBUTION OF COMMERCIAL VEHICLES - INTERSTATE RURAL HIGHWAYS

OF ARIZONA

1965 1966 1967 1968 1969 1970 1972 1973

SUM

AVERAGE0/

All Trucks 
% of Total Vehicles

3542
21.4

4208
21.6

4450
23.3

4719
22.7

4894
37.0

7646
27.1

13342
34.8

17500
38.0

60402
29.9

2 P (pick-up) 
% of Trucks

1392
38.2

1606
38.2

1770
39.8

1972
41.8

1036
21.2

2888
37.8

5203
39.0

7397
42.3

23264

Trucks w/o 2 P 
% of Total Vehicles

2227
13.1

2602
13.3

2680
14.1

2706 
13.0 .

3912
30.2

4929
17.5

8139
21.2

10103
21.9

37298
18.5

SA No. Counted 
% of Truck w/o 2P

4040
181.4

4563
175.4

4800
179.1

5037
186.1

7662
195.0

9333
189.3

15862
194.9

18945
187.5

70242
188.3

TA No. Counted 
% of Truck w/o 2 P

2727
122.4

3181
122.3

3222
120.2
_____ _ .s.

3257
120.4

4113
105.1

5830
118.3

9974
,125.5

13038
128.9

45332 
121.5 ,
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