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Table 3-2.1 Axle Weights and DistributionsUsed on Various Loaps
- 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
"LOAD -

ool 6 24 54

ol 6 18 42
ool 9 32 73
L OV g 224 51

ool 12 48 108
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4

Loop
. Axle Load.
. Lane 1 . Lane 2
~..18,000-S - 32,000-T
o Main Factorial Design: o
Design 1

Surface | Base Subbase |Factorial|Test Section No.
. |Thickness|Thickness|Thickness| Bleck |[Lane tltane 2
T 4. 1- | 633 | 634
0 8 2 607 | 608

19 3 571 | 572

: 3 569 | 570
3 4 2 599 600
3 8 3 573 | 574

12 1 617 618

4 4 3 585 586

(&) 8 1 623 | 624

12 2 601 602

4 3 583 | 584

0 8 1 619 | 620

12 2 . 603 | 604

{ 4 1 627 628
A 2 _689 | 590
4 3 8 5 597 | 598
B 12 3 575 | 576
- 4 2 595 | 596

6 8 3. |- 677 | 578

. 12 1. - 625- | 626

§ 4 2 605 606

0 '8 3 587 | 588

. 12 1 621 | 622
4 3 579 | 580

5 3 8 1 631 632
12 2 593 | 594

4 1 629 [ 830

6 1 615 616

8 2 591 592

12 3 581 | 582

Figure 1-2.1. Pavement Sections Cemstructed on Loop 4 ef the
AASHO Road Test.
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“Figure 2. Layout of AASHO Road Test.
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TYPICAL EXAMPLES OF PREDICTION MODELS

1. AASHO ROAD TEST:

g = “damagé" index;
P,P,P= initial, _A terminal, a.hd present seMceabhiW .
indices (0-5), respectively;
W = pumber of standard loads, and; _
0, B = i | __ﬁihctions of pavement thickun,ess_,' stfex_\g-fh, and
- -a%leload-cox-iﬁguraﬁons. ' :

2 NCHRP 1-19 '-Pif.’O‘IECf (COPES):
 DISTRESS = (TRAFFIC OR AGE)* «

(b+DESIGN® + d+SUBGRADE®
+ f«CLIMATE® + h+MATERIALS')



o Staustlcs

WEIGHTED FLEXIBLE PAVEMENT EQUATIONS

0.4, 0OBLE, + L)®

D + PP

10°%(D + 1PHL®
PTG T

D = 04D, + 614D, + 0.11D,

|

. For Prechctmglogmw R2 070 SEE = 0.31, N = 1171.1 o

(Mean Rephcate D1fference of lowa 0.17,n = 126) )

3 ZVFOI' PredeUng .W. Rz = (.61, SEE = 150.3, N = 1171
 For Predicting PSL: R? = 0.21, SEE = 0.62, N = 1083
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B IR R R 10—285
0.1 HMESNRHE (H@) P.=2.5
B i % S
" & . # B & (SN)
. {(TEF) 1 2 3 4 5 6
" -

2 | 0.0004 0.0004 - 0.0003 0.0002 0.0002 0.0002
4 0.003 0.004 0.004 0.003 0.003 0.002 -
6 | 0.0 0.02 0.02 0.01 0.01 0.01
8 0.03 0.05 0.05 0.04 0.03 0.03

10 0.08 0.10 0.12 0.10 0.09 0.08
12 0.17 0.20 L 0.23 0.21 0.19 "0.18
14 0.33 0.36 0.40 0.39 ° 0.36 0.34
16 0.59 0.61 0.65 0.65 .0.62 0.61
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.61 1.57 1.49 1.47 1.51 1.55
22 2.48 2.38 2.17 2.09 2.18 2.30
24 3.69 3.49 3.09 2.89 3.03 3.27
26 5.33 4,99 4.31 3.91 4.09 4,48
28 7.49 6.98 5.90 5.21 5.39 5.98
30 | 10.31 9.55 7.94 6.83 6.97 7.79
32° | 13.90 12.82 10.52 8.85 8.88 9.95
34 18.41 16.94 13.74 11.34 11.18 12,51
36 24.02 22.04 C17.73 14.38 13.93 15.50
38 30.90 28.30 22.61 18.06 17.20 18.98
40 39.26 35.89 28.51 22,50 21.08 23.04

#+10.2 MESRNENE (H#H) P, =25

o B BooOom O® % @ (SN)

(F5¥ ) 1 2 3 4 5 6
10 0.01 0.01 0.01 0.01 0.01 0.01
12 0.02 0.02 0.02 0.02 0.01 0.01
14 0.03 0.04 0.04 . 0.03 0.03 0.02
16 0.04 0.07 0.07 0.06 0.05 0.04
18 0.07 0.10 0. 11 0.09 0.08 0.07
20 0.11 0.14 0.16 0.14 0.12 0.11
22 0.16 0.20 0.23 - 0.21 0.18 0.17
24 0.23 0.27 0.31 0.29 0.26 0.24
26 | 0.33 0.37 0.42 0.40 0.36 0.34
28 0.45 0.49 0.55 0.53 0 50 0.47
30 0.61 0.65 0.70 0.70 0.66 - 0.63
32 | 0.81 0.84 0.89 0.89 0.86 0.83
34 1.06 1.08 1.11 1.11 1.09 1.08
36 1.38 1.38 1.38 1.38 1.38 1.38
38 1.75 1.73 . 1.69 1.68 1.70 “1.73
-0 2.21 2.16 2.06 2.03 2.08 2.14
42 2.76 2.67 2.49 2.43 2.51 2.61
44 3.41 3.27 2.99 2.88 2.00 3.16
46 4.18 3.98 3.58 3.40 3.55 3.79
48 5.07 4.80 4.25 3.98 4.17 4.49
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Axle Load . - . T Teatfie Number A18 Kip -

- -Equivalency T . . of - EAL's
R :F.lc_t_qr 7 " Axles ’
Single Axfes A - P=-28 ..
‘ . T .
‘Under 3,000 EE 0.0002 - X Q = 0.000
3,000- 6,999 00050 X 1 = 0.005
7.000- 7.999 0.0320 - X 6 = 0.192
! 8.007. 13,999 0.0870 X 144 = 12,528
120 % - 15,999 0.3600 X 16 = 5.760
26,000 - 29,999 5.2890 X 1 = 5.3890
Tandem Axle Groups
Under 6,000 0.0100 X -0 = 0.000
6.000- 11,993 . 0.0100 X 14 = 0.140
12,000- 17,999 - - 0.0440 X 21 = 0.924
18,000 - 23,899 0.1480° X 44 = 6.512
24,000 - 29,999 0.4260 X 42 = 17.892
! 30,000 - 32,000 . 0.75830 X 44 = 33.132
. 32,001 - 32,500 B 0.8850 . X 21 = 18.585
. 32,501 - 33,998 - - 1.0020 X 101 = 101.202
34,000 - 35,899 : ~ 1.2300 R 4 43 = 52.890
18 Kip EAL’s for all trucks wieghed = 265.151

: : * 1B KipEAL's for ail ighed: 265,151 - :
“Truck Load Factor = 18 b EAL'S haia truckswclg od = 2 = 1.5454
o : NUmber of trucks. weighed 1654 . - 185

Figure 10. Computation of the Truck Load Factor for S-Axle
or Greater Trucks on Flexible Pavement (2).
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A\ ) s e " e =, NS 0. -
lSN, J{ . ! Surface Course *."’ ,)’ D,

- L T . « ot . .

[+ . * - ¢ O, > g o s, o .o,
SN, %ﬂ . o' - . " % Base Course , - D,

SN o o 2 +" v No ¢ o o e

3 oo {,© P o © e o o o
4o 4% ° © o ¢ Subbase Course D,

2 a QS Coo o o & o < 20

L Roadb_ed Course

02
a; my
SI‘«I1 SN2 2z $N2

> SNy - (SN, + SN',)
agmgs

1) a,D,m, and SN are as defined in the text and are minimum
required values.

2) An asterisk with D or SN indicates that it represents the value
actually used, which must be equal to or greater than the

required value.

Design of Flexible Pavement Layer Thicknesses Using

Figure 3-2.12
Layer Analysis Concepts.
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6.3 BRUIVALENT AXLE LOAD FACTOR

. An equivalent axle load factor (EALF) defines the damage per pass to a pavement
" by the axie in question relative to the damage per pass of a standard axle load,

usually the 18-kip (80-kN) singie-axle load. The design is based on the tota]
number of passes of the standard axle load during the design period, defined as the

- equivalent single-axle load (ESAL) and computed by

ESAL = 3, Fn (6.19)

- in which m is the number of axle load groups, F, is the EALF for the ith-axle load
:group, and n; is the number of passes of the ith-axle load group during the design

period.
The EALF depends on the type of pavements, thickness or structural

-capacity, and the terminal conditions at which the pavement is considered failed,

Most of the EALFs in use today are based on experience. One of the most widely

used methods is based on the empirical equations developed from the AASHO

Road Test (AASHTO, 1972). The EALF can also be determined theoretically

‘based on the critical stresses and strains in the pavement and the failure criteria.

In this section, the equivalent factors for flexible and rigid pavements are dis-
sussed separately.

8.3.1 Flexible Pavements T

The AASHTO equations for computing EALF are described first, followed by a
discussion of equivalent factor based on the results obtained from KENLAYER.

AASHTO Equivalent Factors

The following regression equations based on the results of road tests can be
used for determining EALF; . -

- lug(-i‘;ﬁ) =479100g(18 + 1) — 4. log(L, + L)} .
. g . h

+ 4.33 log Ly +-§{—';% A (6.200)
a3 7 A ' Traffic Losding and Volume  Chap. 6
D-14




l

42 — p, ' '
. G. Iog(a'z—__{—s) ) (6.20b)

0.081(L, + L,)**
SN + 1y} ™

in which W., is the number of x-axle load applications at the end of time ¢; W, g is
the number of 18-kip (80-kN) single-axle load applications to time ¢; I, is the load
in kip on one single axle, one set of tandem axles, or one set of tridem axles; L, is
the axle code, 1 for single axle, 2 for tandem axles, and 3 for tridem axles; SN is
the structural number, which is a function of the thickness and modulus of each
layer and the drainage conditions of base and subbase; p, is the terminal ser-
viceability, which indicates the pavement conditions to be considered as failures;
G, is a function of P,; and P, is the value of B, when L, is equal to 18 and L, is
equal to one. The method for determining SN is presented in Section 11.3.4. Note’
that

il

0.40 +

B (6.20c)

Wl 15
W‘J

Equation 6.20 can be used to solve EALF. The effect of p, and SN on EALF is
erratic and is not completely consistent with theory. However, under heavy axle
loads with an equivalent factor much greater than unity, the EALF increases as p,
or SN decreases. This is as expected because heavy axle loads are more destruc-
tive to poor and weaker pavements than to good and stronger ones. A disadvan-
tage of using the above equations is that the EALF varies with the structural
number, which is a function of layer thicknesses. Theoretically, a method of
successive approximations should be used because the EALF depends on the
structural number and the structual number depends on the EALF. Practically,
EALF is not very sensitive to pavement thickness and a SN of 5 may be used for
most cases. Unless the design thickness is significantly different, no iterations wiil
be needed. The AASHTO equivalent factors with p, = 2.5 and SN = 5 are used
by the Asphalt Institute, as shown in Table 6.4. The original table has single and
tandem axles only but the tridem axles are added based on the AASHTO design
guide (AASHTO, 1986). Tables of equivalent factors for SN valuesof 1, 2, 3, 4, 5,
and 6 and p, values of 2, 2.5, and 3 can be found in the AASHTO design guide.

EALF = (6.21)

Exampie 6.7:
Given p, = 2.5 and SN = §, determine the EALF for a 32-kip (151-kN) tandem-axle
load and a 48-kip (214-kN) tridem-axle load.

Solution: For the tandem axles, L, = 3Z and L; = 2, from Eq. 6.20, G, = log
(1.7/2.7) = —0.201, B. = 0.4 + 0.081 (32 + 2*ZA(5 + 1)*"°(2P*] = 0.470, Bis =
0.4 + 0.081 (18 + 1P*=45 + 1) = 0.5, and log(W./W.is) = 4.791og 19 — 4.79 log
(32 + 2) + 4.33log 2 — 0.201/0.47 + 0.201/0.5 = 0.067, or W,/W,s = 1.167. From
Eq. 6.21, EALF = 0.857, which is exactly the same as that shown in Table 6.4, .
For the tridem axles, L, = 48, L, = 3, from Eq. 6.20, B, = 0.4 + 0.081(48 +

3PN + PGP = 0.470, and log (W,/Was) = 4.7910g 19 — 4.79 log (48 + 3)
+ 4.33 log 3 — 0.201/0.47 + 0.201/0.5 = —0.0139, or W,./W,s = 0.968. From Eq
6:21, EALF = 1.033, as shown in Table 6.4.

Sec.6.3  Equivalent Axle Load Factor 295
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