Lecture #2:

© PSR, PSI Concept
Pavement Serviceability- Performance
Concept
Present Serviceability Rating (PSR), 0-5
V. Good - Good - Fair - Poor - Very Poor
(User’s Rating - Subjective)

Table 1 - 74 Selected Flexible Pavements
Table 2 - 49 Selected Rigid Pavements

Need to Develop PSI equation:
PSI =503~ 191log(1+SV) — 138RD” - 001NC+ P

~ PSI =541-180log(1+ SV) - 0.09VC+ P

PSI=F(SV, RD, C+P) for FLEX
PSI=F(SV, C+P) for Rigid

Handouts:
Carey, W. N., and P. E Irick, “The
Pavement Serv1ceab111ty -Performance
Concept,” Highway Research Board,
Bulletin No, 250, 1960.
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Mezsurements for Selected Pavements

ity rating form.

Following the acceptability opinion, Tables 1 and 2 give summary values for meas-

ureraents made on the selected pavements.

Measurement; are shown ln three cate-

gories—those that describe longitudinal and transverse roughness, those that summa-
rize surface cracking and, {inally, a measurement of the ratched area found in the

section.
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"ORIGINAL AASHO FLEXIBLE PSI EQUA—TION |

| 22 f y
PSI = 5.03 - 1. 921ogm(1 + SV) - 1 9RD2 - 0/@( |
Note: | | | | .
- PSL =  mean panel serviceabilify rating, (0 - ‘5)‘;’
. SV =  mean slope variance obtained by CHOLE |
| profilometer in wheel pafhs (in./in. x 10%);
RDV = mea_ﬁ rut depth variance (in.? x 100);
RD = mean rut depth (in.);
CP = total cracking plus patching.
Statistics: | . -

R = 0.84, SEE = 0.39, N =74, CV = 13.3%

2(%- x) P AN 1Y
(/"l’.‘“q = ' 4‘ -I . :. n "I'_ |
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WEICHTEL FLEXIBLE PAVEMENT EQUATIONS
FROM AASHO ROAD TEST:

0.081(L, + L)*3
(D + 1)5.19L;3.23

105.93(D + 1)9.36L§.33
(L1 + L2)4.79

D = 044D, + 0.14D, + 0.11D,

Where the Statistics for log;, W Equation:

- R?*=0.70, SEE = 0.31, N = 1171

Mean Replicate Difference of log;;W = 0.17 (n = 126)
(Note: Load Applications Were Adjusted by Seasonal
Weighting Function) |
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Table 3-2.1 Axle Weights and Distributions Used on Various Loops
of the AASHO Road Test (_5_).

LOOP LANE WEIGHT IN KIPS

FRONT LOAD  GROSS
AXLE AXLE  WEIGHT
2 2 4
2 6 8
ol 4 12 28

ol 6 22.4 51

leYol 12 48 108

343



Loop 4
Axle Load
Lane 1 Lane 2
18,000-S 32,000-T
Main Factorial Design
Design 1
Surface Base Subbase |Factorial |[Test Section No.
Thickness|Thickness|Thickness| Block |Lane 1|Lane 2

: 4 1 633 634
0 8 2 607 608
192 3 571 572
3 569 570
3 4 2 599 600
3 8 3 573 574
12 1 617 618
4 3 585 | 586
) 8 1 623 624
12 2 60 1 602
4 3 583 584
0 8 1 619 620
12 I 603 604
4 1 627 628
2 589 590
4‘ 3 8 2 597 598
12 3 575 576
4 2 595 596
6 8 3 577 | 578
12 1 625 626
4 2 605 | 606
0 8 3 587 | 588
1.2 1 621 622
4 3 579 | 580
5 3 8 1 631 | 632
12 2 593 | 594
4 1 629 | 630
6 1 615 | 616
8 2 591 | 592
12 3 581 | 582

Figure 1-2.1.

-

AASHO Road Test.

Pavement Sections Constructed on Loop 4 of the .
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TYPICAL EXAMPLES OF PREDICTION MODELS

1. AASHO ROAD TEST:

p. - P W ’
S e ?]
Where:
g = "damage" index;
P,P,P= initial, terminal, a}ld present serviceability
indices (0-5), respectively; -
W = number of standard loads, and; _
p, B = fuhctions of pavement thickness, strength, and

axle load configurations.

2. NCHRP 1-19 PROJECT (COPES):

DISTRESS = (TRAFFIC OR AGE)* *
(bxDESIGN® + d «SUBGRADE®
+ fxCLIMATE® + hxMATERIALS')



WEIGHTED FLEXIBLE PAVEMENT EQUATIONS
FROM THE AASHO ROAD TEST

. 42 - P
logm[ 5.7 J
lowa = logmp +

B

0.081(L, + L)*®

B =04+ \5.197 3.3
(D + 1) Lz‘

105.93 (D + 1)9.36 L;.as

p =
(L, + 1:.2)4'79

D = 044D, + 0.14D_ + 0.11D,

Statistics:

For Predicting log,,W: R?=0.70, SEE = 0.31, N = 1171
(Mean Replicate Difference of l'ong = 0.17, n = 126)
For Predicting W: R? = 0.61, SEE = 155.3, N = 1171
For Predicting PSI: R* = 0.21, SEE = 0.62, N = 1083
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Table D.4. Axia load aquivalency factors for flaxible pavemsnis,
singls aales and p 2.5.

Aarla Pavamenl Structusal Numbse {SN)

Load

ipd 1 2 a 4 3 ]
2 0004 0004 .0003 .0002 L0002 0002
4 Kvvk] 004 .004 .003 002 .002
6 o 01?7 .017 013 010 003
] .032 KoY 054 041 034 031
1Q .08 102 118 102 .088 080
y2 188 198 229 213 .189 A76
14 320 .358 .338 .88 360 342
18 591 612 646 645 .623 606
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.61 157 1.48 V.47 1.6% 1.5%
22 2.48 2.38 .07 2.08 2.8 230
24 3.69 339 .09 2.9 3.03 3.27
25 533 4.99 4.31 3.04 4.09 4.48
28 7.48 698 5.50 5.1 5.39 5.98
0 10.3 95 (X} 64 7.0 28
k¥ 138 12.8 108 8.8 a9 10.0
34 18.9 186.9 13.2 1.3 1.2 128
kL] 24.0 220 12.7 14.4 138 16.8
8 309 28.3 22.6 18.1 12.2 19.0
40 393 359 285 28 21 2310
42 49.3 45.0 5.8 271.8 25.6 222
44 §1.3 559 4.0 30 3.0 331
18 158 68 8 54.0 41.3 372 393
48 92.2 81.9 85.7 50.1 44.5 48.5
50 12 102, 79. 60, 53. 58,

Table D.5. Axle load aquiveisncy {actors {or {loxible pavements, Table D.6. Axleload equivalancy factore tor tloxible pavermnents, trip
tendem axies and p,ot 2.5.

-

axles and p of 2.6,

Axis Pavement Structural Number (SN} Axls Paveamant Structurs! Number {SN)
Load Load .
{klps) 1 2 3 4 L] 1 tkipe} 1 2 3 4 [ [
2 000t L0001 L0001 0000 0000 0000 2 Q000 L0000 0000 0000 L0000 000
4 0005 0005 L0004 .0003 L0003 0002 4 0002 0002 .0002 0001 .0001 000
6 002 .002 .002 001 001 oo}} 6 0006 .0007 0005 0004 .0003 000
B .004 .006 .008 004 003 003 8 .00y 002 001 001 .00 001
[} .008 013 on 009 007 006 10 .003 004 00) 002 002 002
12 015 .024 023 018 014 012 12 .005 Q7 006 004 003 .003
14 026 .04y 042 .033 027 .024 14 008 012 010 008 008 006
16 044 .0865 070 057 047 043 16 012 013 018 013 011 010
18 .070 087 108 092 077 070 18 018 029 028 on 017 018
20 107 141 162 41 aa A0 20 027 042 042 .032 027 024
22 160 .198 228 207 180 166 22 038 058 060 048 040 038
24 231 213 318 2292 260 242 24 053 078 084 068 057 051
26 327 3720 A20 ADY .364 342 26 072 103 114 095 080 072
28 451 A93 548 534 495 470 28 008 133 151 128 109 099
30 811 648 703 .695 658 633 30 A28 169 195 170 145 133
32 813 843 8es .887 857 834 32 .169 213 247 220 191 A5
34 1.06 1.08 .1 wm 1.09 1.08 34 219 266 .Jos .28 246 228
38 1.38 1.38 1.28 1.38 1,38 1.38 36 279 329 378 352 a3 .292
38 1.75 173 1.69 1.68 1.70 1.73 38 382 403 L4861 436 .393 368
. 40 221 216 2,06 2.03 2.08 214 40 429 A9 554 533 487 459
42 2,76 2.67 2,49 2.43 251 2.61 42 543 594 .661 .644 597 .567
44 3.4 .27 2.99 2.88 00 36 44 .666 AL - .81 769 723 692
48 414 3.98 .58 3.40 .55 3.79 46 .81 854 .818 K20 868 .838
43 5.08 4.80 4,25 3.98 417 4,49 48 978 1.015 1.072 1.069 1,033 1.008
50 6.12 5.76 5.02 4.64 4.86 5.28 50 117 1.20 V.24 1.25 1.22 1.20
52 2.33 5.87 5.93 5.38 5.63 6.17 52 1.40 1.41 V.44 1.44 1,42 1.41
54 8.72 8.14 6.98 6.22 6.47 745 . 54 1.66 1.66 1.66 1.66 1.66 1.68
58 10.3 .9.6 8.1 1.2 7.4 8.2 56 1.9% 1.83 1.90 1.9 1.81 1.3
58 121 1.3 9.4 8.2 8.4 9.4 58 2,29 2,25 2.17 2,16 2.20 1.2¢4
80 14.2 1241 10.9 9.4 9.6 10.7 60 2,67 2.60 2.48 244 2.5% 2.58
62 18.5 15.3 12.6 10.7 10.8 121 62 3.09 3.0 2.82 2.76 2.85 2.9%
64 191 17.8 14.5 12.2 12.2 13.7 64 .57 .44 319 310 .22 3.36
66 221 203 16.6 13.8 13.7 15.4 68 4.1 3.94 3.61 a7 .62 3.8
88 25.3 23.3 18.9 15.6 15.4 17.2 68 47 4.49 4,06 lses 405 4.30
70 29.0 26.6 21.5 12.8 17.2 182 70 5.38 511 4,57 4232 452 484
72 J3.0 302 244 19.8 18.2 1.3 72 6.12 5.79 513 4.80 . 5.03 S.44
74 1185 344 21.8 22.2 212 23.6 74 6.93 6.54 5.74 5.32 5.7 8.04
78 42.5 38.9 KIA) 24.8 23.7 28.1 76 1.84 1.37 6.41 5.88 8.15 8.7
78 48.0 43.9 35.0 27.8 26.2 28.8 78 883 8.28 7.14 5.49 §.78 7.4]
80 54.0 49.4 39.2 309 29.0 2 80 .92 9.29 7.95 7.15 7.45 an
82 60.6 55.4 43.9 34.4 32.0 Ja8 82 i 10.4 8.8 7.9 8.2 9.0
84 62.8 61.9 49.0 38.2 353 38 84 12.4 1.6 9.8 85 8.9 99
88 75.7 89.1 54.5 423 3.8 41,7 86 1.8 129 10.8 2.5 98 109
1] 84.1 16.9 60.8 46.83 42.6 455 88 15.4 14.3 1.e 104 106 11 e
90 91.7 85.4 67.1 51.7 46.8 49,7 90 1.1 158 132 $t3 1.6 122

Figure 6. AASHTO Load Equivalency Factors for Flexible Pavement (2).



Axie Load Traffic Number A18 Kip

Equivalency of . EAL's
Factor Axles
Single Axles P = 25,
SN =5

Under 3,000 0.0002 X 0] = 0.000

3.000- 6,999 0.0050 X 1 = 0.005

7.000- 7,999 0.0320 X 6 = 0.192

8.000- 11,999 0.0870 X 144 = 12.528

12,000 - 15,999 0.3600 X 16 = 5.760
26,000 - 29,999 5.3830 X 1 = 5.3880

Tandem Axle Groups
Under 6,000 0.0100 X (0] = 0.000
6.000 - 11,993 . 0.0100 X 14 = 0.140
12,000 - 17,998 0.0440 X 21 = 0.924
18,000 - 23,999 0.1480 X 44 = 6.512
24,000 - 29,999 0.4260 X 42 = 17.892
30,000 - 32,000 0.7530 X 44 = 33.132
. 32,001 - 32,500 0.8850 X 21 = 18.585
32,501 -33,999 1.0020 X 101 = 101.202
34,000 - 35,999 1.2300 X 43 = 52.890
18 Kip EAL'’s for all trucks wieghed = 255.151
18 Kip EAL's f It trucks ighed 55.151
-Truck Load Factor = 8 Kip 5 Jor af frucks weighe = 265.18 = 1.5464

Number of trucks weighed 1654 165

Figure 10. Computation of the Truck Load Factor for 5-Axle
or Greater Trucks on Flexible Pavement (2).
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One-Way 2 Lanes (One-Direction) 3+ Lanes (One-Direction)

ADT Inner QOuter Inner* Center Quter
2,000 6** 94 6 12 82
4,000 12 88 6 18 76
6,000 15 85 7 21 72
8,000 18 82 7 23 70

10,000 19 81 7 25 68
15,000 23 77 7 ‘ 28 65
20,000 25 75 7 30 63
25,000 27 73 7 32 61
30,000 28 72 8 33 59 -
35,000 30 70 8 34 58
40,000 31 69 8 35 57
50,000 33 67 8 37 55
60,000 34 66 8 39 53
70,000 - - 8 40 52
80,000 - - 8 41 51
100,004 -— - 9 42 49

*  Combined inner one or more lanes.

** Percent of all trucks in one direction (note that the
proportion of trucks in one direction sums to 100 percent).

Figure 5. Truck Distribution for Multiple-Lane Highways
(129 Counts in 6 States, 1982-83) (6).
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- © AASHO Road Test
Brief Description of the AASHO Road
Test (1958-1960)

Handouts: |
Highway Research Board, “The AASHO
Road Test,” Report 5, Pavement
Research, Special Report 61E,
Publication No. 954, National Research
Council, Washihgton, D.C., 1962.

© ESAL Concept and Calculations

- Development of the AASHTO Equations
for Flexible and Rigid Pavements

- ESAL Concept
18-Kip ESAL, 18/F 7 B shah T & T &
- ESAL Calcualtion

ESAL = 365*(ADT)*(%TRK)*(DD)*
(LD)*(TF)*((1+g)"n -1)/g)

Handouts:
(Same as above)
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Figure 1-G. Present serviceability histories for two illustrative pavement sections.

Although theories* and procedures exist for
dealing with mixtures of axle loads, reference
in this paper to any particular number of ap-

. plications implies that each application repre-

sents the same axle weight. For the illustra-
tion, Figure 2—G gives both the number of axle
load applications between successive index days
and the accumulated number of applications
for any index day. The respective notation for
thesé two quantities is n, and N,. If more than
one traffic lane is represented by n, and N,, it
is assumed that lane to lane variation in n, is
negligible and n, is averaged for all lanes be-
fore the accumulation, N,. Whenever it is nec-
essary to -evaluate accumulated applications
between index days, linear interpolation is per-

"~ formed between successive values of N..

Before specifications are given for perform-
ance data, one more history is discussed—a
history that is associated with the general state
of environmental conditions at any particular
time. This history is called a seasonal weight-

* Scrivner, F. H., “A Theory for Transforming the
AASHO Road Test Pavement Performance Equations
to Equations Involving Mixed Traffic.” HRB Special
Report 66 (1961).

ing function. Relative to a specified norm, o
base, it may be supposed that the conditions af
any time or location are either normal, better
than normal, or worse than normal. It is con
sidered that the seasonal weighting function
reflects serviceability loss potential, and that
any particular section may or may not lose
serviceability during a period when the weight-
ing function is high. No specific formula for
a weighting function will be given in this
paper, but it is supposed that such a formula
has been evolved to give values, g,, for every
index period (Fig. 3-G). This function pre-
sumably depends in general on changes in
moisture-temperature states, and has the value
q: = 1.0 for normal conditions. A value of zero
is considered to be a lower bound at which no
serviceability-loss potential exists for any pave-
ment-load combination.

The seasonal weighting function (Fig. 3-G)
averages about 1.0, so that environmental con-
ditions for the two years average normal even
though there is much seasonal variation. Rela-
tive to the selected location, this index might
not average 1.0 at a second location, whether

1,200,000
/ Vs 1000000
= Accumulated
—LA 800000
Number of nt\ \'Nf Axle Load
- Axle LOCId 30,000 V. ——). 500,000 . «
Applications \}"Lr" Q I Applications,
Between 20,000 oy | a00000 Nt = Ing
Successive b _L'"
Index Days, 0000 200000
Nt
0 10 20 30 40 50
Index Day, t

Figure 2-G. Axle load application history for the illustration.
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~relation indexes are given as 0.48 and 0.70
for unweighted and weighted applications,
respectively, and corresponding root mean
square residuals are 0.36 and 0.31.

The general nature of the over-all A log W
distribution (except for Loop 2, lane 1) is in-
dicated by the fact that about 60 percent of all
A log W is contained within one mean absolute
residual and about 90 percent within two mean
absolute residuals. The distributions support
the statement that in about nine out of ten
cases, observations agree with corresponding
performance equation estimates to within plus
or minus two mean residuals. In other words
there is approximately 90 percent confidence
(Table 11 includes root mean square resid-
uals, twice whose value can be used to set limits
with approximately 95 percent confidence.)
that log W will be observed between log™W =
0.54 for unweighted applications and between
log” W =+ 0.46 for weighted applications. In
terms of the thickness index, D, these bands
correspond approximately toD = 0.14 (D + 1)
for unweighted applications and to D = 0.11
(D + 1) for w eighted applications, where Dis

* obtained by entering the appropriate perform-
ance equation {or curve) with fixed W and cal-
culating D. For relatively heavy designs, the
uncertainty represented by two mean residuals
in log W is approximately 0.18D using the un-
weighted applications formulas and approxi-
mately 0.140 using the weighted application
formulas. All confidence limits such as these
are relative to the Road Test conditions and
range of variables.

The last part of Table 11 summarizes log W
and p differences observed between replicate
test sections. In all there were 32 pairs of
replicate sections in Design 1, and the mean
replicate difference is 0.46 for p, 0.15 for un-
weighted log W differences and 0.17 for
weighted log 1V differences. In those pairs
where one section was out of test before the
second, replicate differences were provided at
the missing points by assuming that the re-
maining differences would be as large as when
the first section went out of test.

For whatever reasons two replicate sections
do not show the same performance, it can be
expected that the performance data will deviate
from any fitted equation. For a particular lane
a satisfactory model and fitting procedure
should result in residuals that average about
the same as deviations of replicate observations
from their 6wn mean. For two replicates, then,
estimation errors should average to be about
one-half the replicate differences if the fit is to
be judged adequate. Since the performance
equations were developed across lanes and loops
it is expected that the average residual will be
more than one-half the average replicate dif-
ference, but how much greater cannot be deter-
mined in the absence of replicate lanes and
loops. In the Road Test performance analyses

1

it has been supposed that a satisfactory model
and fit is indicated whenever mean absolute
residuals are about equal to replicate mean
- differences. Table 11 gives this comparison
for unweighted applications to be 0.53 vs 0.46
for p and 0.27 vs 0.15 for log W. For weighted
applications the comparison is 0.46 vs 0.46 for
p and 0.23 vs 0.17 for log W. It is quite pos-
sible that other models and fitting procedures
may do equally well, and that some will repre-
sent better the long—tlme performance of high-
ways in actual service.

2.2.2.1.1 Seasonal Weighting Function.—
The concept of a seasonal weighting function
to allow for changing load effects in a changing
environment was discussed in Section 1.3.4.
The weighting function, ¢,. used in flexible
pavement analyses is given by

q = [2({( —E— d;-]]" | (23)

in which d, is an estimate of the average deflec-
tion under a 6-kip wheel load of eight sections
in Loop 1 (the non-traffic loop) during index
period ¢t. Deflections were generally taken twice
during each index period and averaged, then a
3-point moving average was used to smooth
the deflection history of the eight sections. The
deflection d.., is the smoothed deflection for
index period ¢ — 1.

Division by d, the 2-yr average of d;, makes

‘q, a unitless factor and also makes the weight-

ing function relative to the Road Test condi-
tions. Whenever d, = d,., = d, then ¢q; = 1, so
that the weighting function is unity if deflec-
tions in Loop 1 are unchanging and are at the
2-yr average value.

The exponent 2 in Eq. 23 has been assumed
as an appropriate factor for increasing the
amplitude of ¢, in periods of high increasing
deflection relative to periods of low constant
deflection. Data and values for q; are given in
Appendix B.

In Table 11, the use of the seasonal weight-
ing function increased the correlation index
from 0.48 to 0.70 and reduced the mean resid-
uals in log W from 0.27 to 0.23.

2.2.2.2 Paved Shoulder Studies.—A study of
the effectiveness of paved shoulders (Design 2)
was included in the Road Test. A total of 48
test sections was provided in this study.

Unfortunately, the pavements selected for
the tests were underdesigned to the extent
that 42 of the sections failed during the first
spring of traffic operation and little information
of value was disclosed by the experiment. An
attempt was made to obtain additional informa-
tion by studying the differences in performance
of the outer and inner wheelpaths of the test
sections of the main experiment.

The results of these studies pointed to the
fact that the pavement needed to maintain a




APPENDIX G

or not the same seasonal variation occurred at

the two locations.

For any index period, the product of the
weighting function value with axle load appli-
cation is assumed to be w,, the number of
weighted applications for the period; therefore,
w: = ¢m; can be obtained by multiplication of
index day ordinates from Figures 2-G and 3-G.
Also, W, is assumed to be the accumulation of
weighted axle load applications through any
index day. Graphs for both w; and W, are
shown in Figure 4-G. If the weighting func-
tion were taken to be 1.0 on every index day,
then the curve in Figure 3-G would be hori-
zontal at unit height, and Figure 4-G would
be identical with Figure 2-G. Thus, N, is a
special case of W, if ¢, is always 1.0. In all the
discussion that follows accumulated axle load
applications are represented by W but any dif-
ference between W and N depends on the
values prescribed for gq,.

All of the variables have values that are ob-
served and computed at points in time. If
smoothed serviceability values for a pavement
section are plotted against accumulated axle
applications rather than against time, the re-
sultant curve is called the section’s serviceabil-
ity trend. Coordinates of points on the service-
ability trend are denoted by p and W, and the
trend of p with W is defined to be the pave-
ment’s performance. In other words, service-
ability trends are considered to be performarnce
curves that show how pavements are affected
- by applied loads. ‘

Trend plots for the two sections of Figure
1-G are shown in Figure 5-G for the case when
applications are not weighted; that is, when
v: = 1. Coordinates for the trend curves in
Figure 5-G were obtained from ordinates of
Figures 1-G and 2-G on common index days.
Similarly Figure 6-G shows trend curves for
the same sections when the seasonal weighting
function of Figure 3-G is used to obtain W,
That is, coordinates for Figure 6-G were ob-
tained from ordinates of Figures 1-G and 4-G
on common index days.
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Figure 3-G. Seasonal weighting function.

Summarizing the definitions of the various
serviceability-time-applications relationships:

Serviceability history is the plot of observed
values of serviceability p.” on a time scale;

Smoothed serviceability history is the plot of
the 5-point moving average of the service-
ability history wvalues on a time scale and
smoothed history values are designated by p:;

Serviceability trend is the plot of smoothed

‘serviceability history values p on an accumu-

lated axle application scale W where axle ap-
plications may be weighted or unweighted; and
the

Performance of a pavement is given by its
serviceability trend.

The final step in the specification of perform-
ance data is to assume that for numerical
analysis a small number of pairs of coordinates
from any trend curve can be selected to repre-
sent satisfactorily the curve. In the Road Test
rationale five pairs of coordinates were selected
from every trend. If the trend was complete
(i.e., p had fallen to 1.5) then the trend was
represented by five .values that spanned the
range of p. Specifically, W was noted when p
was 3.5, 3.0, 2.5, 2.0, and 1.5. In the case of
incomplete serviceability trends (p at the end
of the Road Test was greater than 1.5) the
observations were spanned by noting pairs of

60000 1,200000
Number of 50,000 w:lv r"L 1,000,000
Weighted Accumulated
Axle Load 499%° | 7 We 1% weighted
Applications 13 i
PP 30000 600000 Axle load
N Between _| 1'|.‘
- Successive 55000 Va L 400000 Applications,
Index Days, l/ LL,-., Wi = Twy
W1 V0t 0000 / o] 200000 .
0 10 20 ' 40 50
Index Day, t

Figure 4-G. Weighted axle load applications for the illustration (seasonal weighting
function from Fig. 3-G).
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Percent Trucks

Truck Class Interstate Other All All All
Rural Rural Rural Urban Systems
Average Range Average Range Average Range Average HRange Average Range
Single-unit trucks
2-axle, 4.-lire 39 17-64 58 40-80 47 23-66 61 33-84 49 26-67
2-axle, B-tire 10 5-15 11 4.18 10 4.16 13 4.26 1" 5.20
3-axle or more 2 1-4 4 16 2 1.4 3 1.7 3 1-5
All single-units 51 30-71 73 50-88 59 36-77 77 55.94 63 36-81
Mulliple unit trucks
J-axle 1 <12 1 <13 1 1-3 i <14 1 <1-2
4-axle 5 1.10 3 <1-8 4 1-10 4 1-13 4 1-10
5.axle or more** 43 24.59 23 8-40 36 16-57 18 5-37 32 15-56
All multiple-units 49 31.71 27 13-50 41 23-66 23 6-44 37 20-67
All trucks 100 100 100 100 100

‘Compiled from data supplied by the Highway Stalistics Division, U.S. Federal Highway Administration.
**Including fuli-trailer combinations in some states.

Figure 2.

Distribution of Trucks on Different Classes of Highways (3),
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Figure 23. Main factorial experiment, relationship between design and axle load
- applications at p = 1.5 (from Road Test equations).

significant effects. Thus this and similar
analyses of variance all pointed to the usc of
a thickness index as given by Eq. 16.

The third part of Tables 9 and 10 shows
within loop estimates for a,, a., and a, that
were obtained from the variance analyses.
Weighted averages of these estimates gave the
values shown in Egs. 19 and 22, The last part
shows the results of within lane regression
analyses that were used to determine values
for 4, in Eq. 15. In the logarithmic form, A,
is the coefficient of log (@D, + @.D. + a.D;
+ 1), and estimates for this coefficient are
shown for each lane at the bottom of the table.
Weighted average values for A, are 9.36 and
8.94 for the two cases represented by Egs. 18
and 21. The remairing constants in Egs. 14
and 15 were determined by applying procedures
described in Appendix G to the performance
data of Appendix A.

If W represents weighted applications ob-
tained through the use of seasonal weighting

|

m———= SINGLE AXLE

e e TANDEM AXLE

INDEX

THICKNESS

f 20 24 28
SINGLE AXLE LOAD, XiPS
8 16 24 32 40 48 36 €

TANDEM AXLE LOAD, KIPS

Figure 24. Main factorial experiment, relationship
between design and load at p = 2.5.
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Figure 2. Layout of AASHO Road Test.
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Figure 3. Location of test bridges.
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- Analysis Period = 20 Years
. Example 1 . g
- Location Assumed SN or D =
v Vehicle Types Current  Growth Design E.S.A.L. Design
N Teaffic Factors Traffic Factor E.S.A.L
{(A) (8} (C) (O} (E)
. 5% -
Passenger Cars 5.925 24.30 52,551,787 .0008 42,041
E Buses 35 24.30 310,433 .6806 211.280
Panel and Pickup Trucks 1,135 2430 10,066,882 0122 122,816
Other 2-Axle/4-Tire Trucks 3 24.30 26,609 .0052 138
‘ 2-Axle/6-Tire Trucks - 372 24.30 3.298,454 .1890 623,597
' 3 or More Axie Trucks 34 24.30 301,563 .1303 39,294
, All Single Unit Trucks
. 3 Axle Tractor Semi-Trailers 19 24.30 168,521 8646 145,703
_ 4 Axle Tractor Semi-Trailers 49 24.30 434,606 .6560 285,101
§ + Axle Tractor Semi-Trailers 1.880 24.30 16,674,660 2.3719 39,550,626
All Tractor Semi-Trailers

5 Axle Double Trailers 103 24.30 813,659 2.3187 2,118,268
6 + Axle Double Trailers 0 24.30

All Double Trailer Combos.

3 Axie Truck-Trailers 208 24.30 1,844,856 0152 28,042
4 Axle Truck-Trailers 305 24.30 2,705,188 .0152 41,119
5 + Axle Truck-Trailers 125 2430 1,108,688 5317 589,489

All Truck-Trailer Combos.

_ Design
All Vehicles 10,1983 90,406,816 E.S.A.L 43,772,314

Figure 11. Worksheet for Calculating 18-kip Equivalent Single-Axle
Load (ESAL) Applications (2).
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ESAL PER TRUCK
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Figure 9. ESALs Per Truck Calculated from W-4 Tables, with WIM Data
Indicated in 1986. '
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Truck Factors

Rural Systems

Urban Systems All Systems
Vehicle Type Interstate Rural Other Rural All Rural All Urban
Average Range Average Range Average Range Average Range Average Range

Single-unit trucks

2-axle, 4-tire 0.02 |0.01-0.06 | 0.02 |0.01-0.09 | 0.03°** 0.02-0.08 | 0.03°** | 0.01-0.05 | 0.02 0.01-0.07

2-axle, 6-tire 0.19 [0.13-0.30 | 0.2 0.14-0.34 | 0.20 0.14-0.31 | 0.26 0.18-0.42 | o.2 0.15-0.32

3-axle or more 0.56 ]0.09-1.65 | 0.73 |0.31-1.57 | 0.67 0.23-1.53 | 1.03 0.52-1.99 | 0.73 |0.29-1.59

All single-units 0.07 0.02-0.16 | 0.07 |0.02-0.17 | 0.07 0.03-0.16 | 0.09 0.04-0.21 0.07 0.02-0.17

" Teactor semi-trailers

3-axle 0.51 0.30-0.86 | 0.47 0.29-0.82 | 0.48 0.31-0.80 | 0.47 0.24-1.02 | 0.48 |0.33-0.78

4-axle 0.62 0.40-1.07 | 0.83 | 0.44-1.55 | 0.70 0.37-1.34 | 0.89 0.60-1.64 0.73 | 0.43-1.32

5-axle or more** 0.94 0.67-1.15 0.98 0.58-1.70 | 0.95 0.58-1.64 | 1,02 0.69-1.69 0.95 0.63-1.83

All multipte units | 0,93 0.67-1.38 | 0.97 |0.67-1.50 | 0.94 0.66-1.43 | 1.00 0.72-1.58 | 0.95 [0.71-1.39
All trucks 0.49 |0.34-0.27 0.31 0,20-0.52 | 0.42 0.29-0.67 | 0.30 0.15-0.59 | 0.40 | 0.27-0.63

‘Compiled from data supplied by tha Highway Statistics Division, U.S. Federal Highwasy Administration.
"lncluding hull-teailesr combinations in some stafes.

" *See Articte 4.05 for values (o be used when the number of heavy trucks is low.

Figure 8.

Distribution of Truck Factor
Vehicles in the United State

s for Different Classe
s (9).

s of Highways and
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%352 TR (3bfr)

ER\B®| A =t I=E ;) fifd LI i
10 128294 1.99182 179620 | 1.66052 1.68287
71 082935 ' [091712| 073090  |1.44614 | 098088
12 1.81488 . | 1.02673 0.70082 1.85465 1.34927
73 117328 102688 | 181813  |2.09390 |  1.52805
14 097371 ' |1.25037 | 177454  |2.00173 |  1.50009
75 117576 . |1.60636 | 176216  |1.95284 |  1.62428
76 140749 | 1.66493 1.87759 241035 1.84009
17 1.17294 | 1.89006 190699  |2.61529 1.89632
18 1.78024 1.57651 2.12938 3.89897 2.34627
79 1.38461 1.47839 1.78861 2.67640 1.83200
T3 | 129952 |1.4429 1.62853 226108 1.65801

%352 TF (@)

EE\BR| bt | FE Sk il 1Ly Fi5
70 31088 1.2598 1.2461 0.6545 1.5673
71 1.7769 1.2372 0.6916 0.6792 1.0962
72 28092 09631 | 07910 | 06096 |  1.2932
13 2.0559 1.0521 0.6646 0.7345 1.1268
14 2.0176 0.9982 0.8722 0.9264 1.2036
75 1.8361 1.6129 0.9604 1.0354 1.3612
16 2.7124 1.1785 1.3642 1.0808 1.5840
17 2.6762 1.5207 1.3589 1.5638 1.7799
18 29583 | 1.5089 1.8692 | 1.9978 |  2.0836
19 1.8864 | 16639 | 15600 | 17465 | 17142
B35 2.3838 1.2995 1.1378 1.1029 1.4810
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