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Wheel load equivalencies have been used in the design of pave
ments to account fo r the varieties of load magnitude and con
figuration. This presentation is concerned with an approach 
for estimating wheel load equivalencies based on a particular 
flexure fatigue characteristic of asphaltic concrete. The equiv
alencies are referred to as destructive ratios, DRs, and are 
related to the number of repetitions of a particular stress that 
an asphaltic-concrete surface course can endure in a specified 
pavement structure. The approach for determining the de
structive ratios is described for single-wheel applications of 
variable loads and t i re pressures on pavement structures 
of different strengths. Comparisons of the calculated destruc
tive ratios were made with wheel load equivalencies established 
by the AASHO Road Test engineers. These comparisons 
showed that there was not a consistent relationship between 
the two equivalencies f o r the four pavements chosen. How
ever, note is made that in one case results of loads are con
sidered for the surface course only, whereas for the AASHO 
condition the total pavement structure was involved. 

•TRAF FIC on pavements is made up of a variety of wheel loads and gear arrangements. 
As a consequence, in pavement design, different means (1-6) have been used for ob
taining "design wheel loads" or fo r determining the accumulative damaging effects of 
different vehicles u s i i ^ the road. I t is not the purpose of this report to discuss the 
various ways of treating mixed t r a f f i c for determining wheel load equivalencies but 
rather to present the results of an approach toward relating the effects of different 
wheel loads on the fatigue l i f e of asphaltic-concrete surface courses. 

FATIGUE OF ASPHALTIC CONCRETE 
In recent years there has been great interest in searching fo r and defining the flexure 

fatigue characteristics of asphaltic concrete (7-13). A review of the l i terature on f a 
tigue of asphaltic concrete indicates that the relation between bending tensile stress (S) 
and number of stress repetitions to cause fai lure (N) may be expressed as follows: 

S = ION"^ (1) 

where lo and b are constants. Jimenez (13) reports on fatigue studies of different as
phaltic-concrete mixtures and suggests that the value fo r the exponent, b, i n Eq. 1 may 
vary slightly f r o m -0.2. However, the coefficient, lo, may vary over a wide range de
pending on the stiffness or static tensile strength of the mixture. I f the slopes of a l l 
S-N curves are considered to be the same, then the relative effect on fatigue l i f e of any 
stress as compared to that of a reference stress, would be constant for asphaltic con
cretes of different static tensile strengths or IQ'S. In this report measure of the rela
tive destructive effect of a stress w i l l be termed destructive rat io , DR, which is the 
number of load repetitions to cause fai lure N i , of the reference stress, S i , divided by 
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Figure 1. Relationship between tensile stress and number of repetitions to failure. 

the number of load repetitions corresponding to failure at the other stress, 
ample, consider the foUowi i^ : 

As an ex-

From Eq. 1: 

and 

S = loN -b 

N i = (S.)-^^ (l/lo)-^^ 

N , = (S.)-^^ (lAo)-^^ 

Then, the DR = (Ni /Na) = (S1/N2) = (Sj /Sa)"^/ ' ' which shows that the strength of the ma
ter ia l does not influence the value of destructive ratio. Figure 1 shows the above con
cept where S i is the reference stress. 

The calculations fo r stresses given in Table 1 are based on asphaltic concrete hav
ing a static bending strength value, lo, of 1,000 psi, 

STRESSES AND PAVEMENT STRUCTURES 

Asphalt pavements may be considered as three-layered systems, and the stresses 
at certain locations can be calciHated by use of Jones' tables (14). The stresses of 
concern in this report are the central radial stresses at the bottom of the surface 
course. 

The structural systems examined fo r this presentation are shown in Figure 2 and 
are listed as fol lows: 

1. Surface course of asphaltic concrete 
(a) Modulus E l = 50,000, 100,000, and 125,000 psi. 
(b) Thickness h i = 1, 2, 4, and 8 in. 

2. Base 
(a) Modulus Ea = 5,000 psi. 
(b) Thickness ha = 8 in. 

3. Subgrade 
(a) Modulus E j = 2,500 psi. 

The selections of E i were somewhat arbi t rary but appear to be reasonable in com
parison with such values as previously given (13). The values of K i or Ei/Ea were 
selected to yield ratios of 10, 20, and 25. This then fixed the value of 5,000 psi f o r Ea 
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TABLE 1 
STRESSES AND DESTRUCTIVE RATIOS, DR, FOR VARIOUS SINGLE WHEEL LOADS AND PAVEMENTS 

(hi = 8 in., E l = 5,000 psl, and Es = 2,500 psi) 
S = I O O O N ' ° - ^ 

Load and Pres. hi 
(kips - psl) (in.) Sri 

(psi) 

Ki = 10 

N 
(xlO') 

DR 
Ni 

DR 
820 

Sri 
(psl) 

= 20 

N 
(XIO") 

DR 
Ni 

DR 
820 

Sn 
(psi) 

Ki = 25 

N 
(XIO") 

DR 
Ni 

DR 
820 

4 60 221 2.4 6.14 0.34 
6 60 174 8.1 1.80 0.10 
8 75 162 11.7 1.24 0.07 
9 75 1 155 14.6* 1.00 0.06 

10 80 150 17.0 0.86 0.05 
12 90 141 24.0 0.61 0.03 
4 60 118 58.5 0.12 0.01 243 1.4 0.14 0.58 300 0.5 0.15 1.69 
6 60 140 24.5 0.29 0.03 288 0.6 0.33 1.36 353 0 2 0.35 3.81 
8 75 166 10.8 0.66 0.08 333 0.3 0.69 2.83 406 0.1 0.73 8.05 
9 75 2 178 7.1* 1.00 0.11 357 0. 2* 1.00 4.10 432 0.075* 1.00 10.91 

10 80 190 5.1 1.40 0.16 378 0.1 1.33 5.46 459 0.05 1.44 15.73 
12 90 216 2.6 2.73 0.31 423 0.08 2.41 9 88 511 0.03 2.38 26.21 
4 60 106 102.4 0 10 0.01 160 12.2 0.07 179 7.0 0.05 0.12 
6 60 130 36.1 0.29 0.02 205 3.5 0.24 233 1.8 0.21 0.46 
8 75 154 15.1 0.69 0.05 250 1.3 0.65 287 0.6 0.62 1.34 
9 75 4 166 10.4* 1.00 0.08 271 0.82* 1.00 314 0.39* 1.00 2.10 

10 80 178 7.1 1.45 0.11 293 0.5 1.51 341 0.3 1.49 3.21 
12 90 203 3.7 2.81 0.22 337 0.3 3 06 395 0.1 3 19 6.89 
4 60 56 1860.0 0.02 
6 60 84 316.0 0 14 
8 75 O 112 78.2 0. 55 0.01 
9 75 0 127 42.8* 1.00 0.02 

10 80 141 24.0 1.79 0 03 
12 90 169 9.3 4.60 0.09 

^Reference repetifions (Ni) 

p . 4fl00-12,000 lb 

which w i l l be considered to represent an unbound base course material. According to 
Peattie (15), " . . . for unbound granular materials the effective value of E2/Ea invariably 
lies between 2 and 5." The selection of Ea/Es = 2, thus sets our value f o r Eg equal to 
2,500 psi. I t is apparent that the absolute values of E's are not a pr imary factor f o r 
stress computations; but the modular ratios are. 

The use of Jones' tables fo r stress calculations required that circular and uniformly 
loaded contact areas be assumed. With respect to the larger wheel loads that would 

normally be carried on duals, i t was as
sumed that the area of contact with the 
pavement surface was circular and equal 
to the load divided by the t i re inflation 
pressure. Additionally, i t was considered 
reasonable to increase the t i r e inflation 
pressure as the wheel load increased. A 
review of truck t i r e ratings given by the 
Ti re and Rim Association (16) sv^gested 
the grouping fo r t i r e pressures and loads 
given in Table 2. 

Typical calculated tensile stresses r e 
sulting f r o m the selected wheel loads are 
shown in Figure 3. The data points do 
not l ie on a straight line; however, for 
practical purposes and especially in con
sideration of the assumed contact areas, 
a linear relationship between the tensile 
stress and single wheel load was accepted 
as shown by the solid lines. As expected, 
the higher the K i value, the higher was the 

-Si 

> » • 60 TO 90 PSI t 
E, • 50,000 TO 125,000 PSI | 

Eo- 5,000 PSI 

E3 - 2,500 PSI I 

i SUBGRADE 

Figure 2. Variables and symbols for three-layered 
systems. 
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TABLE 2 
TIRE PRESSURE AND LOAD GROUPING 

Total Load 
(lb) 

Inflabon Pressure 
(psi) 

4,000 60 
6,000 60 
8,000 75 
9,000 75 

10,000 80 
12,000 90 

stress fo r other conditions fixed. Figure 
3 also shows that the rate of stress i n 
crease with increasing load is greatest 
fo r the highest K i plot. 

In Figure 4, effects of surface thickness ' 
on the relationship between tensile stress 
and load are presented. The relative 
position of the h = 1-in. curve is interest
ing. From the low stresses associated 
with this curve i t would seem that the 
maximum curvature of the deflected layer 
does not occur directly below the center 
of the loaded area and/or that a greater 
portion of the load is transmitted to the 
base course. 

DESTRUCTIVE RA-nO 

Stresses and destructive ratios fo r the different pavement structures and also re f 
erence stresses are listed i n Table 1. Typical relationships between destructive rat io 
and wheel load are shown in the semi-log plot of Figure 5. The reference condition is 
a 9,000-lb wheel load on a pavement with a surface course thickness of 4 in . and a K i 
value of 20. The relative positions of these curves indicate the changes in the damaging] 
effects of different wheel loads as the base loses stiffness in comparison to the surface 
course (E1/E2 increases), such as may occur during a spring thaw or when theasphaltic 
concrete increases in stiffness due to temperature changes or aging of the asphalt. 

In order to check this approach fo r establishing wheel load equivalencies, compar
isons were made with comparable values determined at the AASHO Test Road (4). Such 
a comparison is shown in Figure 6 fo r a pavement with a common structural number 
of 3.0. The SN of 3.0 was obtained using a i and az values of 0.44 and 0.14, respectively. 
The plot of fatigue equivalency vs. AASHO equivalency shows almost a perfect agree
ment. I t should be remembered that equivalencies f r o m the AASHO data were related 
to the total pavement structure and not to the surface course only as is the case fo r the 
fatigue equivalencies. 

Further comparisons of equivalencies with AASHO values are shown in Figure 7. 
There is not a consistent relationship between the AASHO and fatigue equivalencies for 

4 
60 
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60 7S 75 80 
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12 KIP 
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Figure 3. Relationship between tensile stress and wheel load. 
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Figure 4. Relationship between load and tensile 
stress at 1st interface. 
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Figure 5. Relationship between wheel load and 
destructive ratio. 

the pavements with surface course of different thicknesses. From Figure 7 and con
sidering the assumed conditions of pavements and wheel loads, the following conclu
sions are reached: 

1. For the pavement with the 1-in. 
thick surface course, the larger wheel 
loads are less destructive with respect 
to flexure fatigue of the surface; however, 
these loads would have more damaging 
effects to the subsoils. 

2. For the pavement with the 2-in. 
surface course, single wheel loads up to 
9,000 lb are more damaging to the surface 
than to i ts foundation and then as the load 
increases i t contributes more to subsoil 
fai lure. 

3. For the pavement with the 4-in. sur
face course, the wheel loads are equally 
damaging to the surface course and to the 
subsoils. 

4. For the pavement with the 8-in. sur
face course, single wheel loads up to 
9,000 lb are slightly less d a m ^ n g to the 
surface course than to i ts foundation and 
then as the load increases i t contributes 
more to flexure fatigue. 

AASHO EQUIVALENCY 1 1 r-p 
SINGLE AXLE - P, • 2 S SN-S / 

SK - 0 05 
12 K - 0 23 
16 K - 065 
IBK - 100 

20 K - 149 
24 K - 3 09 

/ ^ L I N E 
• / OF EQUALITY . 

FATIGUE EQUIVALENCY 
t i | ' 4 ' ha'Sr K|'20, K2*2 

- SN*2 9 
SINGLE WHEEL 
4K a 60 PSI - 0067 
6K a 60 PSI - 0 238 

- SK a 75 PSI - 065 -
9K a 75 PSI - 1 0 0 

lOK a 80 PSI -1 50 

t 1 
I2K a 90 PSI - 306 
1 1 1 

12 18 
FATIGUE EQUIVALENCY 

Figure 6. Relationship between AASHO and 
fatigue wheel load equivalencies. 
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Figure 7. Relationship between AASHO and fatigue wheel load equivalencies. 

SUMMARY 

This discussion has been quite l imited and perhaps too much l iberty has been taken 
for the conditions assumed. Nevertheless, the approach presented f o r de termini i^ 
wheel load equivalencies appears reasonable and with the comparisons of these values 
with the equivalencies established by AASHO serve to warrant the following: 

1. Flexural fatigue characteristics of asphaltic concrete are a factor to consider in 
determining wheel load equivalencies. 

2. The changes that occur in relative stiffness (E i /Ea ) between a surface course and 
a base w i l l affect the damaging effects of a wheel load. 

3. For thin surface courses (< 1.5 in . ) , the smaller wheel loads can be more destruc
tive than the larger ones. 

4. The destructiveness of different wheel loads may be greater with respect to f l ex 
ure fatigue strength of the asphaltic concrete than with respect ot the strength of founda
t ion SOLLS. 
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