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Environmental Factors in Flexible Pavement Design 

ADNAN A. BASMA and K.P. GEORGE 

ABSTRACT 

The principal objective of this research 
was to study the influence of the e nv i ron
ment on the thickness of flexible pave
ments. Env i ronmental v~riables considered 
include general soil conditions and temper
ature effects. As identified in previous 
studies, six climatic zones were recog
nized . Weather information and soil proper
ties were collected for 175 typical sta
tions covering the continental United 
States, excluding Alaska. Based on the cri
teria of rutting of 1.25 cm (0.5 in.) and 
thermal cracking of 115 m/ 1000 m2 ( 35 
ft/l,000 ft 2 ), appropriate asphalt-cement 
grades were selected for each station. To 
consider the interaction of temperature and 
modulus with fatigue damage, the concept of 
effective modulus was introduced. The ef
fective modulus calculated by using the 
appropriate asphalt grade was found to be 
nearly constant within a zone but varied 
considerably from one zone to another. A 
sensitivity analysis was performed on the 
AASHO flexible pavement design equation, 
the purpose of which was to determine the 
effect of the regional factor and the soil 
support value on the structural number. 
After these two items had been combined 
with the change in the layer coefficient 
due to modulus change, their overall effect 
on pavement thickness was evaluated. The 
ratio of the thickness required at a given 
station to that required at reference con
ditions [namely, asphalt effective modulus 
o f 3 4.!> KPa (5 x 10' psi), regional fac
tor of 1. 0, and soil support value of 5. 0] 
is defined as the depth factor. The depth 
factor ranged from as low as 0.45 in Flori
da, parts of Mississippi, Alabama, Georgia, 
and the Carolinas to as high as 1.60 in re
gions of Montana, North Dakota, and South 
Dakota. The higher the depth factor, the 
more severe the influence of environment on 
pavement performance. Examples to illus
trate how the depth factor may be incor
porated into the AASHO flexible design are 
given. 

In the design of flexible pavements, traffic load 
and environment are the most influential factors in 
the determination of pavement thickness. Before the 
AASHO Road Test, most pavements were designed with 
regard to traffic alone, with little if any consid
eration for the environment. Since the introduction 
of the AASHO pavement design !llr however, more em
phasis has been p laced on environme nta l effec t s . For 
example, the AASHO flexible model, which is written 
symbolically as follows, presents in equational form 
the design relationship between the important varia
bles: 

log W = 9 .36 log(SN + I) - 0.20 +log [(c0 - p)/(c0 - 1.5)] 

7 { 0.40 + [1,094/(SN + !)5 · 19 ]} 

+ 0.37756 (SSV - 3.0) - 0.97 log(Rr) (!) 

where 

W 2 total number of 60-kN (18-kip) 
equivalent axle loads (EALs) , 

SN weighted structural number, 
co initial serviceability index, 

p terminal serviceability index, 
SSV soil support value, and 

Rf regional factor. 

Buick (~) studied the significance of these varia
bles and showed that bes ides traff ic, SSV and Rf 
are most important in the £o r mulated thickness func
tion. 

Following the AASHO study (_!) several attempts 
were made to investigate the climatic effect on 
pavements, first in four climatic zones, then later 
in six climatic zones (Figure l) • The effect of the 
surrounding environment on the pavement performance, 
however, has not yet been quantified to any degree. 

I ::: 
Wot Freeze 
Ot y No Freeze 
Orv Freeze/ Thaw 
Ory Freeze 

FIGURE 1 Qimatic zones of the United States (3). 

Environmental variables can include such inputs 
as general soil conditions, moisture, and air tem
perature variation around and within the pavement 
structure. In this study, the environmental varia
bles are limited to soil and climatic conditions. 

This investigation was motiva t ed by t he provi
s ions o f s ection 137 (a ) of t he Surfac e Transporta
tion Assistance Act o f 1982 , which , in part , calls 
f o r a study to ma ke specific recommendations for 
changing the apportionment formulas to take into ac
c ount weathe r - r ela ted factors . "The study s hall 
analyze c u r r ent cond itions a nd factors incl uding , 
b ut not limi t ed t o, volume a nd mix o f traffic , 
weight and si ze of ve hic l es , envi ronmental , geo
g raphical and me t eorol og ica l cond i tions i n various 
states •••• " Environmenta l and geograph ical effects 
on flexible pa vements are analyzed in this paper. 

The objective of this study was to show how the 
environmental factors affect the thickness require
ment of flexible pavements. The AASHO Interim Guide 
equation for flexible p a vement (Equation 1) provided 
the basic structural de s ig n model. Th r o ugh a system-
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atic sensitivity analysis of the AASHO equation with 
respect to the most significant environmental fac
tors (such as modulus of asphalt concrete, SSV, and 
Rf) , t heir impact on the equation was evaluated 
and qua ntif ied. In order to por t ray the severity of 
environment nationwide, the concept of a depth fac
tor is introduced and discussed. 

GENERAL FRAMEWORK 

A combination of existing design procedure (_!) , 

weather information from the U.S. Weather Bureau 
(4), and a soil map for the contiguous United States 
(S) was used in developing the flexible-pavement 
thickness requirements for the entire United States. 
The AASHO flexible-pavement equation (Equation 1) 
forms the basis for structural design. This equation 
relates traffic repetitions and SN; ssv and Rf are 
secondary variables. One tacit assumption in the 
design equation is that asphalt concrete, regardless 
of location or climate or both, will have the same 
stiffness (modulu s ) as that encountered in the AASHO 
Road Test. That the AASHO design procedure does not 
take into account the variations in the asphalt-con
crete modulus is considered a major drawback of the 
method. In order to overcome this deficiency, a 
weighted average modulus is introduced in the first 
part of the study. Because asphalt grade plays a 
crucial role in the modulus of the asphalt mixture, 
a rational method was developed to select the appro
priate asphalt gr ade . 

In the second par t of the study, the overall ef
fect of environment on pavement structural thickness 
is evaluated by performing (a) a sensitivity anal
ysis of the AASHO equation with respect to the ssv 
and Rf and (b) a sensitiv i ty analysis to illustrate 
the role of the effective modulus in the thickness 
design. The overall effect of environment on struc
tural design is obtained by combining items (a) and 
(b) to give rise to what is defined in this paper as 
the depth factor. 

CLIMATIC EFFECT ON ASPHALT LAYER 

The effect of climate on the asphalt layer is well 
documented in that the asphalt modulus fluctuates 
substantially with ambient temperature. Therefore it 
is customary to specify softer-grade asphalt in 
colder climates to reduce thermal cracking and hard
er-grade asphalt in warmer climates to reduce rut
ting. There is as yet no complete procedure for 
selecting the asphalt grade appropriate to the cli
mate except for a graphical solution proposed in 
premium pavement design to minimize low-temperature 
cracking (6). Not only low-temperature cracking but 
also excessive rutting must be taken into account in 
the asphalt selection process; accordingly, the 
graphical plot of Von Quintus et al. is modified as 
in Figure 2. In the development of this nomograph 
two criteria are specified: the thermal cracking is 
not to exceed 115 m/1000 m2 (35 ft/1,000 ft 2 ) 

and rutt i ng is to be no more than 1.25 cm (0.5 in.). 

Asphalt-Grade Selectio n to Mi n i mize 
Thermal Cr acking 

Von Quintus et al. used the TC-1 program <.2l in de
veloping the asphalt-grade selection chart. We too 
have used this program because it provides the capa
bility of estimating low-temperature cracking and 
material properties for asphalt-concrete surfaces. 
By using the program for asphalt of a given penetra
tion index, the relation between low-temperature 
cracking and expected minimum pavement temperature 
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FIGURE 2 Asphalt-concrete grade selection to minimize rut depth 
and low-temperature cracking. 

can be obtained. Subsequently this relation was 
plotted in nomographical form as shown on the right
hand side of Figure 2. 

As phalt-Grad e Seiection t o Minimize Rutting 

Climatologically representative stations were se
lected throughout the United States, and pertinent 
air temperature data were gathered for those sta
t ions from U.S. Weather Bureau records. AASHO flexi
ble pavement designs were prepared for typical sub
g rade conditions. With the VESYS computer program, 
the asphalt penetration grade required for each sta
tion was determined , with the stipulated criterion 
that rutting be no more than 1. 25 cm. In other 
words a relation was established between the mean 
air temperature in combination with seasonal varia
tions and the asphalt grade, and it is nomographed 
on the left-hand side of Figure 2. 

Asphalt Select ion to Minimize Both Cracking 
a nd Rutting 

Employing the nomographs in Figure 2, we want to de
termine the appropriate asphalt grades for the en
tire country. To accomplish this, such weather data 
as the mean air temperature and monthly mean a i r 
tempera ture variation at some 175 typical stations 
covering the entire United States were gathered from 
U.S. Weather Bureau records. These temperature data 
were used in a graph proposed by Von Quintus et al. 
( 6) to estimate the expected minimum temperature of 
the pavement at each station. With the minimum pave
ment temperature and the criterion of thermal crack
ing no more than 115 m/1000 m2 the minimum pene
tration and therefore the asphalt grade are obtained 
from Figure 2. The maximum allowable penetration to 
satisfy the rutting criterion is obtained by placing 
the appropriate ambient temperature information on 
the left-hand side of Figure 2. A grade of asphalt 
that will provide penetration no less than that re
quired to prevent low-temperature cracking and no 
more than that required to prevent rutting is con
strued to be the right grade for that station. Plot-
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ting all of the 175 points on a map enabled the 
identification of five zones of asphalt-concrete
grade asphalt (see Figure 3). Note that for this 
study a penetration index (PI) of -1.0 is used. 

When the asphalt grade is known for each region, 
it is desirable to calculate a representative modu
lus for each climatic zone; this topic is discussed 
in the next section. 

!
AC- 40 
AC - 30 
AC 20 
AC - 10 
AC- 5 

FIGURE 3 Recommended asphalt-concrete grades for the United 
States. 

Effective Modulus Related to Climatic zones 

Variations in climate and ambient temperature pro
duce significant changes in the modulus of asphalt
concrete materials. Von Quintus et al. (~) deve loped 
a p rocedure that includes a weighted mean asphalt
concrete modulus for each aspha lt cement t y pe and 
climate. The terms "effective modulus" or "weighted 
mean asphalt-concrete modulus" were developed to 
d eeig:-:~t~ t h:; ef fects of Lt:rltf't:!L C:li:ure variations on 
fatigue cracking. These effects cannot be adequately 
determined by simply averaging the asphalt-concrete 
modulus ove r all seasons because of the interaction 
o f t emperature and modulu s with the fatigue damage 
produc ed in the pave ment. The effective modulus is 
defined mathemat i cally by the following equation <.!! l : 

n 

Ee = L E; x FF(E;)/ L FF(Ei) (2) 
i=l i= I 

where Ee is the effective modulus and Ei is t he 
modulus during t he ith period (season). FF(Ei) is 
termed the fatigue factor, defined as follows: 

FF(E;) = dr(E;)/dr(34 .5 x 105 kPa) (3) 

wher e df(Et l is the un i t damag e c aused by a sin
gle appl ication of 10-k i p axle loa d at modulus Ei 
corre s ponding to temperatu re Ti . I n Equation 2, 
n = 4 if the temperature variations are averaged, so 
that four seasonal temperatures are considered, or 
n = 12 if the variations are expressed on a mont h
by-month ba s is. 

The fat igue factor is r ela ted to modulus Ei; 
this relations hip is expressed by the fol lowi ng em-
pirical equation: 

log FF(E1) = -1 .9427 log Ei + 1.355 3 (4) 

where Ei is the asphalt-concrete modulus (psi x 
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105 ). It should be noted from Equations 3 and 4 
that FF(34.5 x 10 5 kPa) R 1.0, because a modulus 
of 34.5 x 10 5 kPa was used as a reference. 

After an asphalt grade has been selected and the 
seasonal pavement temperature estimated, one can 
evaluate the seasonal asphalt-concrete modulus for 
each station. If the seasonal effective modulus is 
substituted in Equation 4, the effective modulus for 
each station can be estimated by using Equation 2. 
Sample c a lcul ations of Ee are give n else whe r e (_~) • 
Interest i ng l y e no ugh, the ef fecti ve mo du l us, as 
listed in Table 1, e xhibited little variation within 

TABLE 1 Calculated Effective Modulus in Various 
Climatic Zones 

Zone 

Wet no-freeze 
Wet freeze and thaw 
Wet freeze 

Dry no-freeze 
Dry freeze and thaw 
Dry freeze 

No te: 1 psi = 6 ,895 kPa . 

Asphalt Grade 

AC-40 
AC-30 
AC-20 
AC-10 
AC-5 
AC-40 
AC-30 
AC-5 
AC- 10 
AC-30 

Effective Modu lus 
(psi x 105) 

8 .40 
5.3 0 
4 .42 
4.43 
4. 27 
4.90 
3.3 0 
2 .50 
2 .40 
2.90 

a zone, even with the different asphalt grades spec
ified in Figure 3. That fatigue sensitivity of as
phalt also enters into the effective-modulus calcu
lation partly accounts for the seemingly anomalous 
result. The mix properties for estimating the tem
perature-dependent modulus and in turn the effective 
modulus of Table 1 are listed as follows: 

Property 

Percent asphalt by weight 
Percent air voids 
Percent passing No. 200 sieve 
Loading frequency 
PI 

5 
s 
5 
10 Hz 
-1. 0 

The data in Table l clearly show that the pavement 
location and the prevailing climate indeed have a 
significant effect on the asphalt modulus. For exam
ple, the effective modulus in a wet no-freeze region 
may be three times as large as that in a dry freeze 
region. How this variation affects the thickness 
design is discussed in a later section. 

ENVIRONMENTAL EFFECT ON PAVEMENT THICKNESS 

Effect of ssv and Re on SN 

To quantify the effect of the environment on the 
pavement thickness, the researchers performed a sen
sitivity analysis of the AASHO design equation 
(Equation l). This analysis clearly identified the 
individual and combined effects of the AASHO design 
parameters on SN. The design parameters considered 
were SSV and Rf in addition to the effective mod
ulus. Excluded in this analysis were such other 
parameters as traffic and initial and final service
ability indices. 

The combined effect of all of the variables on 
the weighted SN is best expressed by the following 
equation of total differential: 
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dSN = (aSN/ac0 )dc0 + (aSN/ap)dp + (aSN/aW)dW 

+ (aSN/aSSV)dSSV + (aSN/oRr)dRr (Sa) 

If the initial and final serviceability indices are 
kept cons tant, dp = O and dc o = O. In addition, 
because thi s study is conce r ned with environmental 
variables only, the wheel-load term also drops out. 
With these modifications, Equation Sa becomes as 
follows: 

dSN = (oSN/aSSV)dSSV + (oSN/oRr)dRr (Sb) 

The first-order partial derivatives of the weighted 
SN with respect to ssv and Rf were presented by 
Buick Cl) as follows: 

asN/assv = o.3775/(aq,/a sN) 

asN/oRr = (-0.4166/Rr)/(aq,/ aSN) 

(6) 

(7) 

where a,/aSN is defined by the function shown below: 

olji/oSN = [4 .065/(SN + 1)] +log [(c0 - p)/(c0 - 1.5)] { 5,677.9 (SN 

+ 1)4 
·
19 /[0.4(SN + 1)5

·
19 + 1,094] 2} (8) 

with c 0 = 4.0, p = 2.5, and log [(c 0 - p)/Cc 0 - 1.5) J 
= -0.2218. 

Proportional change in SN may be expressed by us
ing Equation Sb as follows: 

llSN/SN = [(aSN/oSSV)/SN] dSSV + [(aSN/oRr)/SN] dRr (9) 

When the value of [(aSN/aSSV) / SNJ was evaluated for 
1 < SN < 6, it was found to vary between 0.19 and 
0.11: the average was 0.13. In other words SN in
creases by an average of 13 percent for a unit de
crease of SSV. With an SSV of 5.0 as a base value 
and [(aSNfaSSV)/SNJ ~ 0.13, the values for [(aSN 
faSSV)/SN]dSSV and the soil support value factor 
(FSSV) are given in Table 2. 

With a similar approach , the values of [(aSN/ aRf) 
f SN] Rf are computed as listed in Table 3 for Rf= 
1.0 as a reference. For the range of 1 <SN< 6 the 
average value was found to be -0.16, which was used 
to compute the influence factor (FRf), as defined 
in Equation 10. 

TABLE 2 Soil Support Value Factor 

ssv dSSV [(aSN/oSSV)/SN] dSSV FSSV 

2.0 +3.0 0.39 1.39 
3.0 +2.0 0.26 1.26 
4.0 +1.0 0.13 1.13 
5 .o• 0.0 0.00 I.DO 
6.0 -1.0 -0.13 0.87 
7.0 -2.0 --0.26 0.74 
8.0 -3.0 --0.39 0.61 
9.0 -4.0 --0.52 0.48 

Note: SSV =soil support value; dSSV =change in SSV from 
reference value~ FSSV =soil support value factor. 
a Reference soil support value. 

TABLE 3 Values of [(aSN/aRc)/SNJ Rr 
for Different Values of SN 

SN asN/oRr [(aSN/oRr)/SN] Rr 

1.0 --0.21 --0.21 
2.0 --0.33 --0.17 
3.0 --0.49 --0.16 
4.0 --0.62 --0.15 
5.0 --0. 70 --0.14 
6.0 --0.77 --0.13 
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Influence factors for SSV and Rf, respectively , 
are defined as follows: 

FSSV = 1 + [(aSN/assv)/SN] dSSV 

FRr = I + [(aSN/oRr)/SN] dRr (IO) 

Equation 9 could be simplified to read as follows: 

LiSN/SN = (FSSV + FRr) - 2 (11) 

Equation 11 is an explicit expression for the change 
in SN as a function of FSSV and FRf• The values of 
FSSV and FRf are given in Tables 2 and 4, respec
tively. 

TABLE 4 Influence Factor of Rr 

Rr 

1.0• 
2.0 
3.0 

dRr 

0.0 
-1.0 
-2.0 

0.0 
+0.08 
+0.11 

FRr 

1.00 
1.08 
1.11 

Note: dRf =change in Rf from reference value; FRr = influ
ence factor of Rf. 
a Rf reference value , 

In order to assign FSSV for various sections of 
the United States, soil deposits were identified and 
strength characteristics of each soil were esti
mated. A map of this general nature has been com
piled by Woods (~) as shown in Figure 4. The general 

FIGURE 4 FSSV for soil deposits in t he United States. 

soil description given by woods has made it possible 
to estimate such strength parameters as California 
bearing ratio (CBR) and from that the SSV 12 1_!!). 
When the SSV values are known, data in Table 2 may 
be employed to derive FSSV for each soil deposit, as 
tabulated in the inset to Figure 4. The interpreta
tion of this map is that under similar traffic con
ditions regions with higher FSSV values call for 
thicker pavements on account of the abundance of 
weaker subgrade soils. A similar interpre tat ion 
could be offered for the FRf. From the ran ge of 
values of the latter (1.0 to 1.11), it could be con
cluded that Rf exerts a relatively small influence 
on the thickness of flexible pavements. 
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Effect of Asphalt-Concrete Modulus on SN 

Yet another sensitivity analysis was performed to 
study how effective modulus influences pavement 
thickness . With the AASHO suggested values (1) of 
the asphalt layer coefficient for different asphalt
concrete moduli, a regression analysis was performed 
to relate mathematically a1 (asphalt layer coef
ficient) to E1 (asphalt modulus), which yielded 
the following equation: 

a 1 =0.22691E1°·4
"°U R2 =0.993,SE=0.051 (12) 

for 1.0 < E1 < 10.0 where E1 io in units of 10 5 psi 
(1 psi = 6.895 kPa). 

In order to study the effect of modulus on f lexi
ble pavement design, the modulus factor (MF) is de
fined as the ratio of layer coefficient evaluated at 
the reference modulus of 34.5 x 10 5 kPa to that at 
an arbitrary modulus. That is, 

(13a) 

where al* and a18 ace layer coefficients evaluated at 
the reference value and at an arbitrary value, F.s· 
According to Equation 12, the layer coefficient 
bears an explicit relation to the asphalt modulus. 
Substitution for a1* and a18 from Equation 12 results 
in the following: 

(13b) 

Note that Equation 13b is valid for a reference mod
ulus of 34.5 x 10 5 kPa. By using Equation 13b, 
MFs for typical values of modulus are listed in 
Table 5. The significance of MF is the same as that 
of FSSV or FRf in that larger MF-values indicate 
thicker pavements. As can be seen from Table 5, larg
er MF-values result solely from lower effective 
moduli of asphalt. 

TABLE 5 Values of MF for Different Moduli 

Asphalt-Concrete 
Modulus E1 (psi) MF (E 1 ) 

200,000 
300,000 
400,000 
soo.ooo• 

1.48 
1.24 
I.I 0 
1.00 

Note: 1 psi= 6.895 kPa. 

aAsphaJt-concrete reference modulus. 

Asphalt-Concrete 
Modulus E1 (psi) MF (E 1 ) 

600,000 
700,000 
800,000 
900,000 

0.92 
0.86 
0.82 
0.78 

Combined Effects of l'.sphalt Modulus, ssv, and Rf 
on Asphal t-Concrete Th.ickness 

Although an explicit expression to estimate pavement 
thickness considering all of the environmental fac
tors is desired, for purposes of this study it suf
fices to determine the relative asphalt thickness 
with respect to a chosen set of reference values: 
effective modulus = 34. 5 x 10 5 kPa, SSV = 5. O, and 
Rf = 1.0. 

Considering the general case of an asphalt pave
ment, the change in asphalt thickness between 
stations B and * (with reference values) (tihs;.> can 

be estimated as follows: 

(14) 

where hs and h* are asphalt thickness at B and *· 
For a full-depth pavement, Equation 14 may be 

written as follows: 
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(15) 

If the overall change in SN from station * to B is 
defined as tiSN, 

SNe =SN, + LISN (16) 

If Equations 13a and 16 are substituted into Equa
tion 15, the following is obtained: 

Llh. 81• =MF (1 + (LISN/SN,)] - 1 (17) 

The depth factor (OF) is defined as the ratio of 
asphalt thickness at station B to that at station * 
with reference environmental conditions. That is, 

DF8 =h 8 /h. (18) 

By using the simple relation ha = h* + tih 8 as well 
I• 

as Equation 17 in Equation 18, the following is ob-
tained: 

DFR ={MFs[l + (LISN/SN)]} (19) 

Note that MF8 , the modulus factor corresponding to 
the effective modulus at B, has finally been calcu
lated (see Table 5). In addition, with values of 
tiSN/SN evaluated from Equation ll., the depth fac
to·r for a given station can be explicitly calcu
lated. A map of the United States listing values of 
OF for the whole country is presented in Figure 5. 

•• 0.65 0,70 
0.70 0.75 
o.75· 11.80 

. _;. __ . _ 0.80 -11.85 

11.85 OJIO 1
1.051.10 
1.10 · 1.15 
1.15 1.20 
1.20 1.25 
1.25 1.30 
1.50 1.55 
L5 5 1.60 c::==JNo- 1011 • ree1 

FIGURE 5 DF values for the United States. 

It is significant that the DF boundaries coincide 
with those of the soil map of Figure 4 and the cli
matic zonal map of Figure 1: the climatic zones per
haps exert a greater influence than does soil on DF. 
The latter assertion can be s ubstantiated by compar
ing DFs in Figu r e 5: DF va~ies from as low as 0.45 
in Florida, parts of Mississippi, Alabama, Georgia, 
and the Carolinas, where the effective modulus is 
58.0 x 10 5 kPa (8.4 x 10 5 psi), to as high as 
1.60 in regions of Montana, North Dakota, and South 
Dakota, where, in fact, the effective modulus is the 
lowest, namely, 17.2 x 10 5 kPa (2.5 x 105 psi). 

OF is a convenient index that portrays how severe 
the environment is with regard to pavement life. 
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Asphalt-concrete pavements need to be thicker in 
regions where the OF is greater than 1 than in re
g ions where the OF is less than 1. 

CONCLUDING REMARKS 

In order to adequately account for the effects of 
the environment in the AASHO flexible pavement de
sign, the influence of climatic variables in the 
design is evaluated by a sensitivity analysis. The 
effect of ambient temperature on asphalt-concrete 
stiffness is also incorporated into the final ver
sion of the environmental factor referred to in this 
report as OF. A OF map of the United States (Figure 
5) is included for ready reference. 

Higher OFs resulted from either poor subgrade 
soil or a relatively small effective modulus or 
both. OF is a convenient index for assessing the 
influence of environment on flexible pavement in 
that the higher the depth factor, the more severe 
the environment is for pavement performance. There
fore, federal agencies will find that OF can be an 
effective measure in allocating funds for construc
tion and maintenance of highway systems throughout 
the country. 

Because OF is a measure of environmental severity 
with regard to pavement performance, the AASHO de
sign procedure could be updated by incorporating the 
DF concept. As pointed out earlier, it includes not 
only the effect of SSV and Rf on SN but also the 
climatic effect on the asphalt layer coefficient 
( a1). Two examples are presen t ed in the f ollowing 
to illustrate how DF could be i ncorporated i nt o the 
AASHO design procedure. The data normally required 
for AASHO design, along with other special informa
tion for both examples, are listed in Table 6. 

TABLE 6 Input Data for Pavement Design Examples 

Item 

Mean air temperature (° C) 
Climatic zone 
Asphalt-eement grade 
Effective modulus Ee (kPa) 
Effective asphalt layer coefficient a 1 e 
AASHO asphalt layer coefficient a 1 
AASHO regional factor 
AASHO mean SSV 
Traffic (80-kN EALs) 
Depth factor 
Gravel base thickness h2 (cm) 

Example I 

7 
Dry freeze 
AC-5 
17.2x 105 

0.38 
0.42 
3.0 
6.5 
3 x 106 

1.23 
25.4 

Example 2 

20 
Wet no-freeze 
AC-40 
58 .0 x 105 

0.5 6 
0.42 
1.0 
9.0 
6 x 10 6 

0.47 
0.0 

Note: 1 cm = 0.39 in.; 1 kPa = 0.145 psi; t° C = (t° F - 32)/1.B; lkN = 0 .2 kip. 

Example 1 : Huron, Sou th Dakota 

Thickness for Standard Conditions 

Enter Figure 6 with W = 3 x 10 6 18-kip EALs and 
h2 • 25.4 cm (10.0 in.) to obtain the asphalt layer 
thickness for reference cond itions, h1R = 14.2 cm 
(5.6 in.). Figure 6 was prepared by using the AASHO 
d esign c ha rts with inputs of Rf = 1 .0 a nd ssv = 5.0 
a long with Ee = 3 4. S :< 10 5 kPa ( reference values). 
No t e that the asphalt layer th ickness can also be 
computed by using Equat ion 20, which is the regres
s ion equation developed from the data in Figure 6: 

0 .161 ex p(0 .0354h 2) 
h 1R = [4 .62 exp(--0 .06!h2 )] x W 

R2 = 0.970, SE = 0.10 (20) 

where h2 is the gravel base thickness in inches. 

Full depth 
10 In gravel baoe 
15 In gravel base 

18 - kip EAL Applications x 105 

FIGURE 6 Asphalt-concrete thickneu 
for the reference conditions versus 
traffic with and without gravel base. 

Asphalt Thickness for Huron, South Dakota 
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Multiply h1R by the depth factor to get the as
phalt thicknessi h1 = 1.23 x 14.2 cm= 17.5 cm (6.9 
in.) • The required pavement thickness, therefore, 
is 17.5 cm of asphalt concrete and 25.4 cm of gravel 
base. 

Example 2 : Tallahas see , Flo d da 

Thickness for Standard Conditions 

With w = 6 x 10 6 18-kip EAL and no base specified, 
from Figure 6 or Equation 20, hlR = 22.4 cm (8.8 
in.). 

Asphalt Thickness for Tallahassee, Florida 

As in example 1, h1 = 0 . 47 x 22.4 cm = 10.5 cm (4.2 
in.). The required paveme nt thickness is 10 . 5 cm 
(4.2 in.) of full-depth asphalt concrete. 

Comparison between the AASHO design and the AASHO 
modification with DF results in the data given in 
Table 7. From these examples two observations de
serve mention: 

1. If the AASHO design were to be followed along 
with the AASHO-recommended layer coefficient for as
phalt concrete (a1"' 0.42), the pavement in Huron, 
South Dakota, would have been underdesigned by ap
proximately 1. 78 cm (0. 7 in.) and would have had a 
shorter life than that anticipated. This result 
would have been expected because DF is greater than 
1.0. On the other hand, the pavement in Tallahassee, 
Florida, is overdesigned by nearly 3.8 cm (1.5 in.). 
A low DF of 0.47 reflects this. 

TABLE 7 Comparison of Structural Designs 

Pavement Thickness (cm) 
Pavement 

Location Component A B c 

Huron , S.D. Asphalt 
(DF = 1.23) concrete 15.7 17 .3 17 .5 

Gravel base 25.4 25.4 25.4 
Tallahassee, Fla. Asphalt 
(DF = 0.47) concrete 14.5 10.9 10.6 

Gravel base 0.0 0.0 0.0 

Note: A = AASHO SN with a1 = 0.42, p = 2.S; B = AASHO SN with variable ale 
[Jay er couftlcl<mt co rresponding co the effective modulus (Equation 12)], p ::: 2.S; 
C = AASMO de.1 fgn wilh DF mn dlfication, p = 2.5. 1 cm= 0.39 in. 
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2. Had the effect of climate been included in 
the AASRO des iqn by j udic iously varying thP effec
tive aspha lt laye r coef£ icen t as a function of ef
fective modulus, a correct pavement design would 
have been obtained. The good agreement between the 
designs in the last two columns of Table 7 con
firms this assertion. 

These examples reaffirm the previous conclusions: 
namely, that the DF concept is a useful measure in 
assessing the relative effect of environment on 
pavement and that this concept could serve as a 
guide for personnel who allocate federal funds to 
projecto in various parts of the country. 

REFERENCES 

1. Interim Guide for the Design of Pavement Struc
tures. AASHTO, Washington, D.C., 1974. 

2 . T.R. Buick. Analysis and Synthesis of Highway 
Pavement Design. Joint Highway Research Proj
ect, Purdue University, West Lafayette, Ind., 
1968. 

3. S.H. Carpenter, M.I. Darter, and B.J. Dempsey. 
Evaluation of Pavement Systems for Moisture-Ac-

4. 

5. 

6. 

7. 

8. 

celerated Distress. ..!..!! Transportation Research 
Recoro 705, TRB, National Rcocuroh Council, 
Washington, D.C., 1979, pp. 7-13. 
Climatological Data National Summary, 1941-
1970. Weather Bureau, U.S. Commerce Department, 
1970. 
K.B. Woods and c.w. Lovell, Jr. Distribution 
of Soils in North America. In Highway Engineer
ing Handbook, Section 9, McGraw Hill, New York, 
1960. 
H.L. Von Quintus, F.N. Finn, W.R. Hudson, and 
F.L. Roberts. Flexible and Composite St ructures 
for Premium Pavements, Vols. 1 and 2. Report 
PHWA-RD-80. FHWA, U.S. Department of 
Transportation, Dec. 1979. 
M.Y. Shahin. Design System for Minimizing As
phalt Concrete Thermal Cracking. Proc., Fourth 
International Conference on Structural Design 
of Asphalt Pavements, University of Michigan, 
Ann Arbor, Aug. 1977. 
E.J. Yoder and M.W. Witczak. Principles of 
Pavement Design, 2nd ed. Wiley, New York, 1975. 

Publication of this paper sponsored by Committee on 
Flexible Pavements. 

Seasonal Load Limit Determined by the Criterion of 

Uniform Failure Rate 

MICHAEL S. MAMLOUK 

ABSTRACT 

Efficient performance of our highway system 
requires rational optimization of its use 
within the constraints of the adopted strat
egy. During the spring-thaw season in the 
northern part of the United States many 
highway agencies reduce the maximum load 
limits on some roads in an attempt to pre
serve the pavement serviceability. The 
selection of such a reduced load limit is 
not well defined now. A rational method has 
been developed that suggests that the load 
limit should be reduced in such a way to 
maintain a uniform rate of pavement deterio
ration throughout the year. The method con
siders various types of pavement failure 
such as fatigue cracking, rutting, and 
roughness and combines them by using the 
AASHO serviceability index. If the proper
ties of the pavement materials are deter
mined, mechanistic approaches can be used to 
predict the failure trend and to adjust the 
axle load limit to maintain the uniformity 
of this trend. A computer program LOADLMT 
has been developed in order to determine the 

optimum seasonal axle load limit on flexible 
pavements under various conditions. The use 
of the method was verified on a typical road 
under typical traffic distribution, material 
properties, and environmental conditions. 
The adoption of a seasonal load limit deter
mined by this method indicates a large ex
tension of the useful life of the road. The 
concept of this method is compared with 
other criteria currently used. 

With the rapid aging of highway pavements, the pub
lic demand for higher levels of service, and the es
calating rates for labor, equipment, and materials, 
highway operations should be performed according to 
a scientifically based procedure. A good understand
ing of the pavement behavior under various condi
tions and a rational optimization of such behavior 
within the constraints of the adopted strategy would 
result in efficient road performance. 

The deterioration of pavement because of traffic 
and aging causes the serviceability of the road to 
decrease. The rate of decrease of serviceability 
varies depending on the amount of traffic, material 
properties, and environmental conditions. During 


