AASHTO Flexible Pavement Design
Method
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Design considerations for the
AASHTO Flexible Pavement Design

The following factors are considered in the pavement thickness
design.

# Pavement performance

#* Traffic

# Roadbed solls (subgrade material)
# Materials of construction

#¥ Environment

#* Drainage

¥ Reliability
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Pavement performance

Structural = Cracking, faulting, raveling, etc.

Functional = Riding comfort (measured in terms of
roughness of pavement.)

Serviceability Performance: Measured by PSI =» Present
Serviceability Index with scale 0 to 5.

5 “Just constructed”
> 4.2 Initial PSI (p;)

PSI . Terminal PSI (p,)
» 2.5 10 3.0 for major highways

» 2.0 for lower class highways
0 “Road closed” > 1.5 for very special cases
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Pavement Condition

From the AASHO Road Test
(1956 — 1961)

Acceptable? S “Yery Good
A —
Good
Yes 3 —4—
Fair
Mo 2 ——
Foor
Undecided 1 ——
“ery Poor
0O —l_
Section Identification Rating
Rater Date Time “Yehicle
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Traffic

¢ In the AASHTO flexible pavement design, traffic is considered in terms of
ESAL for the terminal PSI (Table 20.13 for p, = 2.5.)

¢ We must assume the structural number of the pavement. So, we must check
If the final SN, is similar to the assumed SN. Higher SN means stronger
pavement, thus the impact of traffic on pavement deteriorations is less.

Table 20.13a
Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p, of 2.5

Pavement Structural Number (SN)

Axle Load
(kips) | 2 3 4 5 6

2 0004 0004 0003 0002 0002 0002

4. 003 004 004 003 002 002

6 Table 20.13b " i }

8 Axle Load Equivalency Factors for Flexible Pavements, Tandem Axles, and p, of 2.5
10
12 Pavement Structural Number (SN)
Axle Load
(kips) 1 2 3 4 5 6

2 0001 0001 L0001 0000 .0000 .0000
4 0005 0005 L0004 0003 0003 0002
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Roadbed solls (Subgrade material)

& CBR (California Bearing Ratio), R-value (Resistance), and
M, (Resilient modulus) are used to describe the property of the
subgrade material.

& During the structural design, only M, values are used. The
following conversion formulas are used if either CBR or R-
values are given.

M. (Ib/in?) = 1500 x CBR for fine-grained soils with soaked CBR of 10 or less.
M. (Ib/in?) = 1000 + 555 x (R-value) for R <=20
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Materials of construction (Subbase), a,

@ Charts are available to convert the properties of pavement
construction materials to structural coefficients: a;, a,, and a,

Figure 20.15 = Variation in Granular Subbase Layer Coefficient, a,, with
Various Subbase Strength Parameters

Structural coefficient
of the subbase, a,

Structural coefficient, a4

Use CBR, R-value, or M,
to find a, values
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Materials of construction (Base course), a,

Figure 20.16 = Variation in Granular Base Layer Coefficient a,, with Various
base Strength Parameters
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Materials of construction (AC surface), a,

Figure 20.17 m  Chart for Estimating Structural Layer Coefticient of
Dense-Graded/Asphalt Concrete Based on the Elastic
(Resilient) Modulus

os— 0.44

Structural coefficient
of the AC surface, a,

Concrete Surface Course

Structural Layer Coefficient. a, . for Asphait

0 l
100,000 200,000 300,000 400,000 500,000

Elastic Modulus, E 4 (Ibfin.?), of Asphalt Concrete (at 68°F)

= Resilient modulus, M,
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mﬁ:y,m - o Environment
fan. | 22000 001 3 \ZZE) | _
- & Temperature and rainfall
Feb, | 2200 00 4 affect the level of strength of the
o e 0.25 o Ak s subgrade, reflected on the value
—T | o 5 " ! of resilient modulus. AASHTO
Cemn e developed a chart that helps us
May |—2220 L 1 == . to estimate the effective roadbed
T I 7 —F En < soil resilient modulus using the
= = S = serviceability criteria (in terms
July 2 Her e of “relative damage, U;.””)
A 8000 0.11 & | 2 _
3 =SPo & Determine the average u;.
sept, o t /E value and obtain M. from the
ot. | 8500 0.09 < o chart or the equation of wu;. .
N st S «%» The bar on the right is used
Dec. | 22000 0.01 =" twice: Once to read u, value for
Step 2 s G = 100 each month’s sample M,, then to
e read annual average M, using the
Average iy =~ = === 0163 Step 3 average U, value.

Effective Roadbed Soil Resilient Modulus, M, (Ib/in.?) = 7250 (corresponds to 17/)
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Drainage

& The effect of drainage on the performance of flexible pavements

IS considered with respect to the effect of water on the strength of
the base material and roadbed soil.

@ This effect is expressed by the drainage coefficient, mi. This
value iIs dependent on the drainage quality and the percent of time

I.e., the time to which a pavement structure is exposed to moisture
levels approaching saturation.
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- Definition of drainage quality and finding
recommended m; values
Table 20.14

Definition of Drainage Quality

Water Removed Within* T|me reqUired to
drain the

Quality of Draimage

Excellent 2 hours

base/subbase layer to
50% saturation.

Step 1

OOr month
Very poor (water will not drain)

Table 20.15

Recommended m, Values

If “Fair” and 30%
Percent of Time Pavement Structure Is Exposed ?xposure, then m;
to Moisture Levels Approaching Saturation 1S 0.80.

Quality of Less Than Greater Than
Drainage 1 Percent 5-25 Percent 25 Percent

1-5 Percent

Exccllcnt/ 1.40-1.35 1.35-1.30 1.30-1.20 1.20
Good 1.35-1.25 1.25-1.15 1.15-1.00 1.00
1.25-1.15 1.15-1.05 1.00-0.80 Step 2
Poor 1.15-1.05 1.05-0.80 0.80-0.60 0.60
Very Poor 1.05-0.95 0.95-0.75 0.75-0.40 0.40
[ B D D D ]
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Reliability

The reliability factor (Fg) is computed using:

m The Reliability design level (R%), which determines assurance levels
that the pavement section designed using the procedure will survive for its

design period (it is a z-score from the standard normal distribution)

B The standard deviation (S,) that accounts for the chance variation in the
traffic forecast and the chance variation in actual pavement performance
for a given design period traffic, Wig.

log,, F, =—Z3S =
10 R R™~o Flexible pavements 0.40-0.5
Rigid pavements 0.30-0.40
Standard Normal
Reliability (R%) Deviation, Z,,
o S Functional Classification = Recommended L evel of Reliability
i i Urban  Rural
=0io24 Interstate and other freeways 85-99.9  80-99.9
95 —-1.645 Principal arterial 80-99 75-95
96 —1.751 Collectors 80-95 75-95
97 -1.881 Local 50-80 50-80
[ B D D D ]
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Structural design

# The object of the design using the AASHTO method is to determine a flexible
pavement SN adequate to carry the projected design ESAL.

# The method discussed in the text applies to ESALSs greater than 50,000 for the
performance period. The design for ESALSs less than this is usually considered
under low-volume roads.

log,,W,; = Z,S, +9.36l0g,,(SN +1)-0.20
. log,,[APSI /(4.2-1.5)]
0.40+[1094 /(SN +1)>*°|
+2.32log,, M, —8.07

Where
SN =a,D, +a,D,m, +a,D,m,

Simplify this as f(Wy,) = f(ZsS,) + f(SN)
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How to use Fig. 20.20 to get structural
numbers based on Eq. 20.13

Estimated Total | 8-kip ESAL_Applications,

Wig (millions)

For sub-base, For base course,
1. | M,=13500 Ib/in? M,=31000 Ib/in?

)y x 10}

) e
oy ©

Effective Roadbed S
Resilient Modulus, M (1b/ih.~
wn

—

Des:ign S-ervicc;abil‘i't'y Lo;s. AI;SI #
//
]
/’/'
Z //
/
7 D
748 W &
/// ; y.
84,7 SN,= 2.6
1.0 }/A/
1.5 ¥
2.04/3.0 \ A 4 \ 4
I 1} Tl _l' ¢ § 1 I [ Li ]

For subgrade,

M., = 9000 Ib/in?

5 4 3 2

8 6 2
S N3: 44 l Design Structural Number, SN

|sN=38
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Once SN value is set, thickness design begins...

| SNy % .+ """ Surface course ' - % D,
N e
2 el S ¥.." - Base course -

. ST I T S

SN =a,D, +a,D,m, +a,D,m,
SN, =a,D,

Proceed In SN. =aD. +aD.m
this direction 2 =2y v ekl

Roadbed course

SN, =a,D, +a,D,m, +a,D,m,

Use Fig.20.15 for a,, Fig.20.16 for a,, Fig.20.17 for a,, and Tab. 20.14 and
20.15 m, and m,. Find the depth that results in a SN value close to the SN

value obtained from Fig. 20.20.

Table 20.18

AASHTO-Recommended Minimum Thicknesses of Highway Layers
Minimum Thickness (in.)
Trattic, ESALs Asphalt Concrete Aggregate Base
Less than 50,000 1.0 (or surface treatment) 4
50,001-150,000 2.0 +
150,001-500,000 25 4
500,001-2,000,000 3.0 O
2,000,001-7,000,000 3.5 6
Greater than 7,000,000 4.0 6
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Table 20.132 Axle Load Equivalency Factors for Flexible Pavements, Single Axles and p, of 2.5

Axie Load =¥ Pavement Structural Number (SN)
(Kips) 1 2 3 B 5 6
2 .0004 .0004 .0003 .0002 0002 0002
4 003 .004 004 .003 002 002
6 011 .017 017 .013 010 .009
3 032 047 051 041 034 031
10 078 102 118 102 088 -080
5] 168 198 229 213 189 176
14 328 358 399 388 .360 342
16 591 613 646 645 623 600
18 1.00 1.00 1.00 1.00 1,00 1.00
20 1.61 1.57 1.49 1.47 1.51 1.85
2 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
26 533 4.59 4.31 3.91 4.09 4.48
28 7.49 6.98 5.90 5.21 539 5.98
30 10.3 9.5 7.9 6.8 7.0 78
2 13.9 12.8 10.5 8.8 8.9 10.0
34 18.4 16.9 13.7 11.3 112 12,5
36 24.0 22.0 17.7 144 13.9 15.5
38 309 283 2.6 18.1 17.2 19.0
40 39.3 359 28.5 2.5 21.1 23.0
42 83 45.0 35.6 27.8 25.6 273
44 613 55.9 4.0 34.0 31.0 33.1
46 75.5 68.8 54.0 41.4 37.2 39.3
48 92.2 83.9 65.7 50.1 4.5 46.5
50 112. 102. 79. 60. 53. 55.




ﬁd‘q Factors for Flexible Pavements, Tandem Axles and p, of 2.5

Load e ——

(kips) 1 2 3 4 5 6
2 .0001 .0001 0001 .0000 .0000 .0000
4 .0005 .0005 0004 .0003 .0003 .0002
6 002 002 002 001 001 .001
8 004 006 005 004 003 .003

10 .008 013 011 009 007 006
12 015 024 023 018 014 013
14 026 041 042 033 027 024
16 044 065 070 087 047 043
18 070 097 109 092 on 070
20 107 141 162 141 121 110
2 .160 .198 229 207 180 166
24 231 273 315 29 . 260 242
26 327 370 420 401 364 42
28 451 493 548 534 495 470
30 611 648 763 695 658 £33
32 813 843 889 887 857 834
34 1.06 1.08 111 1.1} 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
| 40 221 2.16 2.06 2.03 2.08 2.14
@ 2.76 2.67 2.49 2.43 2.51 2.61
& 3.41 3.27 2.99 2.88 3.00 3.16
46 4.18 3.98 3,58 3.40 3.55 3.79
48 5.08 4.80 4.25 3.98 4.17 4.49
50 6.12 5.76 5.03 4.64 4.86 5.28
2 7.33 6.87 5.93 5.38 5.63 6.17
54 .1 8.14 6.95 6.22 6.47 7.15
56 10.3 9.6 8.1 7.2 7.4 8.2
s8 12.1 11.3 9.4 8.2 8.4 9.4
60 142 13.1 10.9 9.4 9.6 10.7
62 16.5 153 12.6 10. 10.8 12.1
64 19.1 17.6 14.5 122 122 13.7
66 22.1 20.3 16.6 13.8 13.7 15.4
68 25.3 23.3 18.9 15.6 15.4 17.2
70 29.0 26.6 21.5 17.6 17.2 19.2
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Reliability Standard normal Reliability Standard normal
(%) deviate (Zg) (%) deviate (Zg)
50 0.000 93 —1.476
60 —0.253 94 —1.555
70 —0.524 95 —1.645
75 —0.674 96 —1.751
80 —0.541 97 —1.881
&5 —-1.037 98 =2.054
90 —1.282 99 —2.32]
a1 —1.340 99.9 —3.090
92 —1.405 99.99 —3.150
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Equivalent Axle Load Factors, Single axles

Axde Load p, =20 p, =125 p,=30
(kips)
SN SN aN
3 4 5 ] 3 ] 5 L] 3 4 5 L]

2 0.0002 Q0002 0.0002 00002 00003 0.0002 0.0002 0.0002 0.0006 0000 0.0002 0.0002

4 0.003 Qo 0.002 0,002 0004 0.003 Qo2 0.002 0.006 Q00 0.o02 0.002

] a.atl Q010 0L005 0,005 0017 0013 Q010 0.00% 0028 Q018 fuo12 0.010

& .03 LIEE 0.031 0029 0051 .41 LES 0031 (.08 0035 0.040 0034
LI} 0.0%0 QuDES .o 0078 IANE: 0102 QDR 008D 0168 0132 0.101 0.0RS
12 0159 Q183 0174 0.168 0x1a 0.213 0L1ES 01786 0256 0260 0212 0157
14 03 0350 0338 0.131 0359 0358 0360 0342 0468 0447 0.38] 0,058
16 0613 612 0603 0.5% 0646 0645 061 0606 0.695 0693 0651 0622
18 [RLI 100 L. L. L0 1.0 100 L. L. 100 KL L0
A 1.5 155 L.57 .59 149 1.47 1.51 1.55 L.41 138 144 151
e 135 131 L35 14l 117 L8 118 130 1.5 LE3 L.97 Lla
M 143 133 140 X i LES 303 i 1E9 139 Lal 196
X 488 468 477 4.9 431 1491 409 448 165 108 113 191
28 678 641 6.52 683 550 5.21 569 558 4.58 ELE 417 500
k1| 9.2 &h &7 9.2 i L] 7 ¥ 6.5 50 5.1 6.3
i 114 115 11.5 111 10.5 &8 a9 1040 &4 62 63 77
3 16.3 154 14.9 15.6 137 11.3 11.2 125 0.9 [ 7.6 93
E 1.2 193 19.0 9.9 1737 14.4 3.9 155 14.0 97 9l 11.0
£ 1 246 4.0 5.1 Ly 181 17.2 190 17.7 L9 110 13.0
40 M3 J0s 30.0 3L1 5 5 ZL1 130 123 146 13.1 15.3
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Equivalent Axle Load Factors, tandem axles

Axle Load p=20 pp=15 pr =30
(kips)
AN M AN
3 4 5 ;] 3 4 5 ;] 3 4 5 ;]
1] 00ng 0007 QoM 0 00 0011 000 0007 0006 0 0030 Q012 QDDE Q007
12 01e 0014 0013 O012 0023 00IE 0014 0013 Q039 Q024 Q01T 0014
14 0e 0026 0024 0023 -2 0033 027 0024 0 0DeRE Q04 D32 D026
16 000 006 2 004D D0F0 0057 My 0043 00 Q076 Qb5 DG
L& 0.081 0075 0.06% 00ss  0.10% 0092 0077 0070 Olled 02l 00ed 0076
20 124 0117 01 0105 0162 0.141 0.121 011 0232 018 013% 0119
X2 0183 0174 Olsd QIS8 0229 037 QI8 0lss 0313 0260 0205 078
24 0260 0252 0239 0231 0315 0292 0260 0242 Q407 0358 0 0292 0257
26 030 0353 0338 03X 0420 0401 0364 0342 0517 0476 0402 0360
2B 0487 048] Q466 0455 054 054 0495 0470 O3 0614 0538 0492
£l el 043 0627 0617 0703 06% 0658 0633 O7ER 0773 0.F0Z2 QUe56
iz 083 082 0EX  QOR19 DREY  OREY 0BT 08X 09 0953 089 (QB55
T L.08 108 1.8 L7 1.11 1.11 L.09 .08 115 115 1.12 1.0
35 .38 .38 .38 138 1.38 138 .38 .38 .38 138 .38 138
i 1.73 1.72 1.73 L.74 L&6% 1 .68 .70 1.73 L4 162 L 56 1.70
40 215 213 216 218 206 203 208 214 1.5 LEG .98 28
42 2 262 266 270 249 243 251 .61 2.0 2149 233 2.50
A4 3123 118 124 231 254 2.E8 3.0 116 2.70 252 2.71 2587
46 392 183 1.9] 402 158 340 155 179 116 289 313 350
48 472 4. 58 4.68 483 425 198 417 449 370 izgq isy 4 {7




Equivalent Axle Load Factors, triple axles

Axle Load py = 20 p= 215 po= 3.0
(kips)

SM SN SM

3 4 5 4] 3 4 5 (1] 3 4 5 4]

0Loe 0026 004 0023 02 0032 0027 0024 00ed 0044 D031 D026
2 0038 0035 003 00e0  OMdE 04D 003 09T D06 Dde D039
0Loeh 0055 0051 0048 0084 OOGE QU057 QU051 QU132 Q0% DOs6 D056
0Logr 00F7 0071 D068 0114 009 008D 00F2 0 LW 0126 0092 D0FE
0113 Q105 Q0% Q0% 0151 0028 Q109 Q09 0223 DI6E 0126 QU107
0149 0140 01317 0136 0I%5 0070 0145 0133 03F 0219 06T 0.143
0194 Q1B Q1Y Q167 07 02X 0191 QIVF 034 0279 0218 0188
0248 0238 025 0217 O03E 0281 0246 0.22E 0413 0350 0279 0.3
0313 0303 0288 027 03F¥9 0352 0313 0292 Q4% 0432 0352 0310
0350 0381 03 0353 0461 0436 0393 Q03GE 0577 052 0437 0389
0481 0473 045 0443 0554 0533 Q487 0459 0671 0626 0536 D483
0.57 0580 0561 0548 0661 064 0597 Q057 OY7F 0740 0649 0593
0710 0705 O6B 0673 OFED1 0769 0723 0692 OBRY 0BG 0FFT 0720
Q.52 0849 0831 0ORIE 0918 0511 O8sE DE3E 101 100 0520 0BS5S
1.0z 1.01 099 0987 147 107 1.03 101 1.13 115 1.08 1.03

120 12D L19 L18 124 125 L2 1.20 130 131 1.26 122

142 L42 1.41 140 144 144 143 1.41 L47 148 145 1.43

L6 L&k 166 L& 166 166 L&k 166 L&k 166 1.66 1565

.53 L93 154 194 150 1.%0 L91 1.93 LE&& 1ES 1.88 191

242 223 225 227 217 216 2.0 24 209 206 213 220

SRS SENERRLNEREERSE
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Figure 20.20 = Design Chart for Flexible Pavements Based on
Using Mean Values for Each Input
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