Pavement Materials & Design

Pavement Structure Design
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AASHTO 1993 Traffic load calculations
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Introduction to Traffic Loads
Definition

m Traffic loads refer to
the forces applied to
pavement by vehicles
in motion.

Pavement

~

e

Permanent \
strain A

Strain curve

VN W/

Resilient
strain

Traffic Loads
Impact

m Pavement deterioration is caused by the
interacting damaging effects of traffic
and the environment.

m Traffic loads, primarily those from heavy
trucks, cause stresses/strains in
pavement structures, whose effects

accumulate over time, resulting in
pavement deterioration,

m Such as rutting

Mix rutting

Loads applied to the hot mix
asphalt layer push the layer
downwards, causing it to flow
away from the loading point
and upwards.

A raised el
can be seen at the edges of the
wheelpath.

Aggregate Base




Rutting

Traffic Loads

Quantification criteria




Traffic Loads

Quantification criteria

Pavement Damage depends on weight
distribution

Truck traffic loads and their impact on
pavements are Quantify using :

1. Vehicle/axle speed

2. Number of truck axles

3. Configuration of these axles
4. Their load magnitude
5

Tire inflation pressure

110.5 tonnes |

l

7000 Ibs load 0

Subbase

pressure

~15-20 psi

Axle and Tire

Configuration
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Axle Configuration

m Axle configuration is defined by the number of
m Axles sharing the same suspension system
mthe number of tires in each axle

Axle/truck Example truck configurations Axle configurations
Single hé\

Tandem #____-_'_w

Toidam F” 50500 00 005

Quad ﬂ

Eive B2 ovove—svvos

Six Lo soos00-

Seven Lﬂ__l-_m

Eight é‘w—m
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Single Axle Configuration
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Quad Axle Configuration

Tire Configuration
Single Tire
m Typical Load per Tire: 20 - 50 kN
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Tire Configuration

Dual Tire
m Typical Load per Tire: 40 - 100 kN

18

Tire Configuration

Wide Base Tire

m Description: Extra wide
tire designed to replace
duals for weight savings.

m Typical Load per Tire: 60
- 100 kN

(s )
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Traffic Load
Typical Axle and Tire Configuration

Single Axle with Single Tires

Single Axle Single Tires

Single Axle Dual Tires

Single Axle with Dual Tires

20

Traffic Load
Typical Axle and Tire Configuration

Tandem Axles with Single Tires

Tandem Axle Single Tires

Tandem Axle Dual Tires

Tandem Axles with Dual Tires
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Axle Configuration

Tridem Axles
with Dual Tires

Tandem Axles
with Dual Tires

Tire

Single Axle
with Single

it ik b ]

Single Axle with
Dual Tires
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Class1-6,000 & Less
L

Minfvar  Cargo Van WV Pitsaup Truck

Class 2 - 6001 't_o 10,000

Wi Cwsie SR s
Class 3- 10,001 to 14,000

Wialkin BocTuck  CivDolveny  Heaw-Dul Piciusp
Class 4 - 14,001 to 16,000

Largo Walken  Bos Trutk Cily

Class 5- 16,001 to 19.500

Bucket Truck  LargoWalkn Gl Dalvery
Class 6 - 19,501 to 26,000
L 1]

Dwewings Truch  Cingle Aede Behool Dus MavkTiuek

Class 7 - 26,001 to 23,000

(T

Retuzs Fumitue Clly Transit Bus Truek Tractor

Class 8 - 33,001 & Over

CemenTiuck  TckTraclor  Dump Truek

FHWA vehicle classification

FHWA Vehicle Classifications

1. Motorcycles
2 axles, 2 or 3 tires

%

2. Passenger Cars
2 axles, can have 1- or 2-axle trailers.

o oM o

3. Pickups, Panels, Vans
2 axles, 4-tire single units
Can have 1 or 2 axle trailers

4. Buses
2 or 3 axles, full length

ﬁﬂn %i‘ﬂ I HH“‘.\‘

5. Single Unit 2-Axle Trucks
2 axles, 6 tires (dual rear tires), single-unit

ek o Y

6. Single Unit 3-Axle Trucks 7. Single Unit 4 or
3 axles, single unit More-Axle Trucks
4 or more axles, single unit

9. Single Trailer 5-Axle Trucks

5 axles, single trailer

10. Single Trailer 6 or More-Axle Trucks
6 or more axles, single trailer

8. Single Trailer 3- or 4-Axle Trucks
3 or 4 axles, single trailer

11. Multi-Trailer 5 or Less-Axle Truc!
5 or less axles, multiple trailers

ks 12. Multi-Trailer 6-Axle Trucks

13. Multi-Trailer 7 or More-Axle Trucks

7 or more axles, multiple trailers

6 axles, multiple trailers

29
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FHWA vehicle Weigh class

Cllji Is{s‘q,‘?pe Class Definition éﬁ; E:p Example truck configurations
0 o
7 nglounitimcks _and4 Foowr  Fvwer
8 ngle e ek 19742 '
9 Fl‘t;;?:rl irfllgkgsle- land 2
10 Six or more axle 1,2,7

single-trailer trucks  and 8

Five or fewer axle
multi-trailer trucks

Six-axle multi-
12 malectucks 042 @g ; ;
1,23, &—ww ﬂsrww #wrrw
13 Seven or more axle

i-trai 4,5, gwwuww *vwvwrw
multi-trailer trucks 7and 8 1

11

30
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Vehicle, Axle and Tire

Load distribution

44

44

12



Vehicle, Axle and Tire weight

m The axle load distribution depends on
the vehicle gross weight and spacing
between axles.

7000 Ibs load Q

105 tonnes |

'f?f?f'f?f?f@fﬁ"ﬁifi‘: SRR
'i‘$0 $0 $& $0 0 t 0 & $0 $‘ $0 $& $’ $0 $&
RieiiioR GRS

Subbase

v Truck weight pressure
Truck & trailer 4.5 tonnes 3.0 tonnes 2.0 tonnes 9.5 tonnes B 1 5 20 p5|

Container 4.0 tonnes 6.5 tonnes 10.5 tonnes

| 20.0 tonnes

45

45

Traffic Data for
Pavement Design Input

53

53
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m The collected traffic data must be summarized in a format that is
suitable for direct input into the pavement design process, ensuring
accurate traffic loading estimates for long-term pavement
performance analysis.

m Available Approaches:

»ESALs appraoch (AASHTO 1986/1993 Pavement Design Approach )

» Load spectra ( NCHRP 1-37A Pavement Design Approach)

54

54

AASHTO 1993 Method

Equivalent Single Axle Load (ESAL)

55

55
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Equivalent Single Axle Load (ESAL)

Idea

m Traffic with different axle loads is simplified by converting them into
an equivalent number of standard axles.
» Typically, this standard is a single axle with dual tires that has a weight of 18,000 Ib (80 KN)

— siiki:boad o Each repetition of this
/\i hgjeade Standard Axle Load (SAL)
/ will cause a specific
“_l. damage to the pavement
s Pavement S

56

56

Equivalent Single Axle Loads (ESALs)

m Convert wheel loads of various magnitudes and repetitions (“mixed traffic”) to
an equivalent number of “standard” or “equivalent” loads based on the

amount the damage they do to the pavement

E—H 80 kN Load
E‘ Z I — I Dual tyres l Single axle

)

P
L Pavement
x4 il seer i

Damage from Mixed Traffic |I X
[Different axles and tires = /\ x [Damage from SAL]

combination
1 ESAL = Damage caused by one SAL

57
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Equivalent Single Axle Loads (ESALs)

Damage by each axle alone

ESALs=0.23

ESALs by axle

80 kN Load

Dual tyres l Single axle

=

Pavemnent S

=O23 x [Damage from SAL]

58

Equivalent Single Axle Loads (ESALs)

Damage by each axle alone

Damage from this vehicle [All
axles\ tire combinations] |I

ESALs=1.179

80 kN Load

Dual tyres l Single axle

e
e e
74 Pavement Sl

=1179 x [Damage from SAL]

59
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AASHTO 1993 Method

Equivalent Single Axle Load (ESAL)

(FE.): load equivalency factor for axle
category

60

60

(Fg;): load equivalency factor for _
FEi

m Equivalent Axle Load Factor (EALF) (Or Load equivalency
factors (LEFs) )

»A multiplier that quantifies the relative damage that defines the damage per
pass to a pavement by the axle in question relative to the damage per pass of a
standard axle load ( 18- kip axle load )

|

1 ESAL = Damage caused by one 18,000 Ib single axle load

61
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Equivalent Single Axle Loads (ESALs)

Damage by each axle alone e P
ual tyres ingle axle
ESALs=0.23
ESALs by axle =0.23 x [Damage from sAL

62

Equivalent Single Axle Load (ESAL)

Determination for each axle category i

Axle/truck Example truck configurations Axle configurations
Single hﬁ;\

Tacdem % 'oo o oo

Frident ﬂw—m

Quad ﬂ

Five Lﬂ —

HiR F oo sosE00"

Seven oo sosssEs

Eight ﬂ“'u—m
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Factors Affecting LEF

m Axle Load:

m Axle Configuration:

m Pavement Type:

m Pavement Strength:

» Higher loads cause exponentially more damage.

» Pavement thickness or structural capacity (SN)

»Single axles concentrate more load, causing higher damage.
»Tandem and tridem axles distribute load, reducing damage.

» Flexible and rigid pavements respond differently to axle loads.

» Thicker, stronger pavements can resist higher loads.

» The terminal conditions at which the pavement is considered failed (P,)

64

Determination of LEF

m LEFs can be determined using
» Design Equation
» Table (Handouts)

s L,: Axle load under consideration (in kips).

¢ L,:Standard axle load (commonly 18 kips).

*  3,: Structural damage coefficient for axle load L.

s [315: Structural damage coefficient for the standard 18,000-Ib axle.

lo(w
B\ w,

fy

k]

) = 4791og(18 + 1) — 4.79 log(L, + L)
G G

+43Blogly + — — —
AT 8 Po

42 - p.°
G = "’3(4.2 - ﬁ)

0.081(L, + L,)**

B, =040 + TSNT]S'WL;H

e W;.: Number of load repetitions for axle load L. during the design life.

o W,15: Number of load repetitions for a standard 18,000-Ib single axle load.

* G,: Terminal serviceability adjustment factor, accounting for pavement deterioration.

*  p;: Terminal serviceability index, representing pavement condition at the end of its design life.

65
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Tables

(FEi): load equivalency factor for axle category i

Table 19.3a  Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p,of 2.5

Pavement Structural Number (SN)

Axle Load

m Steps to Determine Load Equivalency Factor (LEF) (kips) 2 3 y 5 5
from Table 2 0004 0004 0003 0002 0002 0002
4 003 004 004 003 002 .002
6 011 017 .017 013 010 009
1. Select the Pavement Type. 8 032 047 st 041 034 031
10 078 102 118 102 088 080
12 168 198 229 213 189 176
2. Check the Axle Type. 14 328 358 399 388 360 342
16 591 613 646 645 623 606
. . . ™ 18 1.00 1.00 1.00 1.00 1.00 1.00
3. ldentify the Terminal Serviceability Index (pt). 2 161 157 149 147 151 155
2 248 2.38 217 2.09 218 2.30
. 24 3.69 3.49 3.09 2.89 3.03 3.27
4. Determine the Structural Number (SN). 3 S5 ot & o1 T i)
28 7.49 6.98 5.90 52 539 5.98
. 30 103 9.5 7.9 6.8 7.0 7.8
5. Determine the Axle Load (Lx). 5 e R e 56 i
34 184 16.9 137 113 1.2 125
H H 36 240 220 17.7 14.4 139 155
6. Locate the Intersection in the Table. 2 S Saa e i o i
40 393 359 285 25 211 23.0
42 49.3 45.0 35.6 27.8 25.6 217
7. Read the LEF Value. 4 613 559 44.0 340 310 331
46 755 68.8 54.0 41.4 372 393
48 902 83.9 65.7 50.1 445 46.5
50 112.0 102.0 79.0 60.0 53.0 55.0
66

(Fg;): load equivalency factor for _

Tables

m Axle Load Equivalency
Factors for
» Flexible Pavements
»Single Axles
»P,of 2.5
» Different SN

SRS

Table 19.3a  Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p,of 2.5

Pavement Structural Number (SN)

Axle Load
(kips) 1 2 3 4 5 6
2 0004 0004 0003 .0002 L0002 0002
4 003 004 004 003 .002 002
6 011 017 017 013 010 009
8 032 047 051 041 034 031
10 078 102 118 102 .088 080
12 168 198 229 213 189 176
14 328 358 .399 388 360 342
16 591 613 646 645 623 606
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.61 1.57 1.49 1.47 151 1.55
22 2.48 238 217 2.09 2.18 2.30
24 3.69 3.49 3.09 2.89 3.03 327
26 533 4.99 431 391 4.09 4.48
28 749 6.98 5.90 521 539 5.98
30 103 9.5 79 6.8 7.0 7.8
32 139 12.8 10.5 88 89 10.0
34 15.4 16.9 13.7 113 11.2 12.5
36 24.0 22.0 17.7 14.4 139 15.5
38 30.9 283 226 18.1 17.2 19.0
40 39.3 359 285 2.5 21.1 23.0
42 49.3 45.0 356 27.8 25.6 277
44 61.3 559 44.0 34.0 31.0 33.1
46 75.5 68.8 54.0 41.4 372 393
48 92.2 839 65.7 50.1 44.5 46.5
50 112.0 102.0 79.0 60.0 53.0 55.0

67
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(Fg): load equivalency factor for _(@)

TG b I e S Table 19.3b Axle Load Equivalency Factors for Flexible Pavements, Tandem Axles, and p, of 2.5
FPavement Structural Number (SN)
. Axle Load (kips) 1 2 3 4 5 ]
| AX | e I-O d d Eq ulva I en Cy 2 0001 0001 0001 0000 0000 0000
14 0005 0005 0004 0003 0003 0002
Fa ctors fO r 6 o0z 002 002 001 001 001
8 004 006 005 004 003 003
10 008 013 o0t 009 007 1006
. 12 s 024 023 018 014 03
> Flexible Pavements 14 026 1 042 033 027 024
16 044 065 070 057 47 M3
18 070 097 109 092 077 070
»Tandem Axles 20 107 141 162 141 121 110
2 160 198 229 207 180 166
»P.of 2.5 b 231 273 315 202 260 242
+ OT 2. 26 317 370 420 401 364 342
28 451 493 548 534 495 470
. 30 611 648 703 605 658 633
> le f erent SN 32 813 843 889 887 857 &34
34 1.06 108 111 111 109 108
36 138 138 1.38 138 138 1.38
38 175 173 1.69 1.68 170 173
40 221 216 206 203 208 214
42 276 267 249 243 251 261
44 341 327 299 2.88 300 316
a6 418 398 358 340 355 379
48 508 480 425 398 417 449
50 6.12 5.6 503 4.64 486 528

68

Example 5
Determination of LEFs for different axles

m Determine the LEFs for the following the following axle loads,

assume SN =5and P,=2.5
»One Single axle (10,000 Ib/axle) (10 kips)
»One Tandem Axle (10,000 Ib/axle) (10 kips)

69
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Example 5

Determination of LEFs for different axles

m Determine the LEFs for the following the following axle loads,

»SN =5 and Pt = 2.5, Single axle (10,000 Ib/axle)

Table 19.3a Axle Load Equivalency Factors fo{ Flexible Pavements] Single Axleqd and|p,of 2.5
Pavementi Structural Number (SN)
Axle Load
(kips) 1 2 3 4 C 5 ) i}
2 .0004 L0004 0003 0002 0002 0002
4 003 004 004 003 002 002
6 011 017 017 013 010 009
8 .032 047 051 041 034 031
11 078 1i12 118 1012 088 080
12 168 198 229 213 189 176
14 328 358 399 388 360 342
16 591 613 646 645 623 606
70
Example 5
Determination of LEFs for different axles
m Determine the LEFs for the following the following axle loads,
»SN =5 and Pt = 2.5, Tandem axle (10,000 Ib/axle)
Table 19.3b Axle Load Equivalency Factors for [Flexible Pavements] Tandem Axie',, and|p, of 2.5
Pavement Structural Number (SN)
Axle Load (kips) 1 2 3 4 ( 5 > [l
2 ADon1 RLLT 0001 REVEY R 000
4 D00z RLLT 004 0003 ANN3 0002
1 Doz A2 Aoz D01 Al 00
8 o4 11 A5 A4 AN3 003
10y — S — L] ) | — ()19 A7 A6
12 0135 A24 023 018 014 A3

71
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AASHTO 1993 Method

Equivalent Single Axle Load (ESAL)

T: Truck factor

72

72

What is Truck Factor?

m Truck Factor (TF):

» A multiplier representing the average
pavement damage caused by a truck
compared to a standard 18,000-Ib single
axle load.

m Purpose:

» To estimate the cumulative damage
caused by truck traffic over the pavement
design life.

I I L

Equivalent Number of 18 kip Single Axle Loads

80 kN (18 kip) 80 kN (18 kip) 80 kN (18 kip)

¥ } ¥

Damage from this vehicle [All s 1 179 x [Damage from SAL]
axles\ tire combinations] II i

73
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FHWA vehicle Weigh class

FHWA L Axle g
Class Type Class Definition Group Example truck configurations
5 Two-axle, six-tire, 1
single-unit trucks *ﬂ
Three-axle single-
§ unit trucks 1 and 2 fi:w
Four or more axle 1,3
7 single-unit trucks and 4 ﬂ"'r d;'-'-r
Four or fewer axle 1 |
| singletrailertrucks 1" P o w
Five-axle single- |
: trailer trucks land2 fﬁ ﬁﬁ“
1
10 Six or more axle 1,2,7 ﬁ—lﬁ—m f-—.—m
single-trailer trucks  and 8 'g
1 Five or fewer axle | |
multi-trailer trucks ﬂ_@-
Six-axle multi-
d
12 trailer trucks o FE‘L-——E‘W & -G'__BJ
Seven or more axle 2,3, o * { ﬁ‘
12 multi-trailer trucks 721,13’8 éww-‘“ —* \ TO0 * [ DOOOO

74

Key Components for Truck Factor Determination

m Axle Load :
» Weight carried by each axle of the truck.

m Axle Configuration:
» Single, tandem, or tridem axles distribute weight differently.

m Load Equivalency Factor (LEF):

> Relative pavement damage caused by axle loads compared to an 18,000-Ib axle.

m Traffic Volume:

» Number of trucks passing over the design lane daily.

75
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Steps to Determine Truck Factor

Identify the truck's axle configuration and load distribution.
Determine the Load Equivalency Factor (LEF) for each axle using tables or equations.

Calculate the total ESAL contribution for the truck:
¢ ESAL =Y (N; x Fg;), where:

¢ NN;: Number of axles in axle group i.

¢ Fg;: Load Equivalency Factor for axle group .

Divide the total ESAL by the number of trucks to determine the Truck Factor (TF).

Y.(Number of axles x LEFs for each axle)

Truck tor(Ts) =
ruck factor(Tr) Number of vehicles

76

Example

m Determine the Truck factor for the following vehicle mix and
axle loads

> Passenger cars (2000 |b/axle)

»2-axle single-unit trucks (6000 lb/axle)

» 3-axle single-unit trucks (10,000 Ib/axle)

Assume SN =5 and P, = 2.5

77
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Example

2000 ib

2000 ib

LEF for single axle = 0.002

Assume SN =5and Pt=2.5

PGSSE’” ger cars (2000 Ib/aX/e) Table 19.3a Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p,of 2.5

Pavement Structural Number {SN)
Axle Load
(kips) 1 2 3 4 5 6
2 0004 0004 0003 0002 0002
4 003 004 004 003 002
6 011 017 017 013 009
8 032 047 051 041 031
10 078 102 118 102 080
12 .168 198 229 213 176
14 328 358 399 388 342
16 591 613 646 645 623 606
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.61 1.57 1.49 1.47 151 1.55
22 2.48 238 217 2.09 2,18 230
24 3.69 349 3.09 2.89 3.03 327
26 533 499 431 391 4.09 4.48
28 7.49 6.98 590 521 539 5.98

Truck factor (Tr) = Z

(Number of axles XLEFs for each axle) _ ¥(2x0.002)

Number of vehicles

T = 0.004 per vehicle

78

Example

2-axle single-unit trucks (6000 Ib/axle)

Assume SN =5and Pt=2.5

Table 19.3a Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p,of 2.5
Pavement Structural Number (SN)
Axle Load
(kips) 1 2 3 4 5 6

2 0004 0004 0003 0002 0002 0002
4 2003 004 004 {003 2 2002
6 011 .07 m7 013 {009
8 032 047 051 041 {031

10 078 102 118 102 {080

12 168 198 229 213 176

14 328 358 399 388 342

16 591 .613 646 645 606

6,000 ib 6,000 ib
Number of axles XLEFs for each axle 2x0.01 .
Truck factor(Ts) = X f _f ) - X ) =0.02 per vehicle
Number of vehicles

79
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Example
3-axle single-unit trucks (10,000 Ib/axle)

Assume SN =5and Pt=2.5

Table 19.3a Axle Load Equivalency Factars for Flexible Pavements, Single Axles, and p,of 2.5
Pavement Structural Number (SN)
Axle Load
(kips) 1 2 3 4 5 6

2 0004 0004 0003 0002 L0002 0002
4 003 004 004 2003 002 002
6 011 017 017 013 010 009
8 .032 .047 051 041 /)35\ .031

10 .078 102 118 102 088 .080

N—A

lable 19.3b  Axle Load Equivalency Factors for Flexible Pavements, Tandem Axles, and p, of 2.5

Pavement Structural Number (SN)

H R Axle Load (kips) I 2 3 4 T ]
10,000 ib 22 000 ib

’ 2 0001 0001 0001 0000 0000 0000

4 0003 0005 0004 D003 D003 0002

6 o0z 002 002 01 001 J001

8 D4 006 Aos o4 003 003

10 D08 .013 011 009 07 006

1x0.088+1%0.18 . 12 015 024 013 018 014 013

Truck factor(Ts) == Z(1x0086+1+018) _ 0.264 per vehicle 4 026 041 042 033 24
1 16 044 D65 070 057 (M43

18 070 097 109 092 070

20 107 141 162 141 110

2 160 198 229 207 166

24 231 273 315 292 242

26 327 370 420 An 342

28 451 493 548 534 470

80

Example

Determine LEF for the truck below assume SN=6 and pt of 2.5 ‘ Assume SN = 5 and Pt = 2.5

12 Kips | | 28 Kips 28 Kips

Table 19.3a  Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p,of 2.5
Pavement Structural Number (SN)
Axle Load
(kips) 1 2 3 4 5 6

2 0004 0004 0003 0002 0002 .0002
4 003 004 004 003 002 .002
6 011 017 017 013 010 .009
8 032 047 051 041 034 .031

10 078 102 118 102 .080

12 168 198 229 213 189 176

Table 19.3b  Axle Load Equivalency Factors for Flexible Pavements, Tandem Axles, and p, of 2.5

Pavement Siructural Number (SN}

_ 2(1x0.189+2x0.495) _

Truck factor(Ts) = n

1.179 per vehicle

Axle Load (kips) 1 2 3 4 5 6
2 0001 0001 0001 D000 000 0000
4 0005 L0005 0004 o0z 0003 0002
6 o0z o2 002 D01 01 o1
8 004 006 003 D04 003 003
10 Joog 013 o 009 o7 006
12 015 024 023 018 014 m3
14 026 041 42 033 027 024
16 044 065 070 057 047 43
18 070 97 109 092 77 2070
20 107 141 162 141 121 110
22 160 198 229 207 180 166
24 231 2 315 202 260 242
26 37 370 420 401 364 342

28 451 A93 548 534 ® 470

81
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Axles loads and types (kips)

load equivalency factor axle

T

Vehicle Category, FHWA Classification Axle 1 Axle 2 Axle 3 Axle 4 Axle 5 |Axle 1 [Axle 2 |Axle 3|Axle 4|Axle 5 wehicle)
Class Gross Weight |Type|Load [Type[Load |Type|Load|Type|Load|Type|Load|Load [Load |Load |Load [Load

Passenger Cars and small trucks 4000 S | 2000 | S | 2000 0.002 | 0.002 0.004

2axle, 4tire vans motorhomes, etc 12000 S | 6000 | S [ 6000 0.010 | 0.010 0.02]

2-axle 6 tire single units

3 axle single unit 32000 S | 10000 | D |22000 0.088 | 0.180 0.264

4 axle single unit

4-or-less-axle multi unit

5 axle multi unit

6-or-more-axle double unit

5-axle or less, multi-unit

6-axle, multi-unit

7-or-more-axle, multi-unit

82

Traffic for pavement design
Why only truck traffic is important

’ Truck factor(Ts) = 1.179 per vehicle ‘

Truck factor(Ts) = = 0.004 per vehicle

1.179
Damage from 1 vehicle = ———— X 1 vehicle = 1.179

vehicle Damage from 295 vehicle =

0.004

vehicle

X 295 vehicle =1.179

And specified maximum gross weight for trucks

Therefore, we ignore the effects of passenger cars within pavement design

83
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Specified Maximum Gross Weight For Trucks
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Tru [o k Fa cto rs ( ESA Ls/Truck) by TABLE 7.1 Average Initial Truck Factors (ESALs/Truck) by Vehicle Class
° o o °
FHWA Vehicle Classification VEHICLE CLASSIFICATION ESAL’s
Line i“‘ FHWA Corresponding Department
DARWin® : B Rigid  Flexible
Class Description
3.01
1 1 Motorcycle 0* 0*
2 2 Passenger Cars 0* 0*
FHWA Vehicle Classifications 3 3 SUV/P iCk-llp 0* 0*
P . 4 4 BUS Factor 024 024
m @ Eiﬂh@ |
5 5 2-axle, 6-tire 0.24 0.24
gl un s . Singl Unit e ks 7 i . ingle Tratlr 5 or & Tucks
ormer 6 6 3-axle. single unit 1.15 0.82
Prep—r— :
oy m 7 7 4-axle, single unit 7.00 4.50
i e EH 8 g 3-axle. single trailer 0.60 0.44
m 9 9 3-axle. multiple axle trailer 1:59 1.00
m m 10 10 6-axle. single trailer 1.42 0.75
1. Mot Tater s or Lovs A Trcks 12, Mult-Tratlor6-Axte Trucks 11 11 5-axle, multiple trailer 2.40 233
12 12 G-axle. multiple trailer 1.42 1.28
ﬂ! ' ' ' 13 13 7-axle. multiple trailer 142 1.28
m *Note: Because motorcycles, passenger cars. and SUV/Pick-up trucks do not significantly contribute to
fthe 18-kip ESALs they are considered negligible and an ESAL/truck factor of 0 is assigned. However, the
percent of the ADT in this class must be input into DARWin because the Total Percentage must equal
100.00%. If there are any vehicles that are not large enough to be classified in any of the above classes.
s/ ot fthey should be grouped with the motercycle percentage.
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Cumulative ESALS determinations

Inputs

86

86

Cumulative ESALS determinations
inputs
m ESAL : ESAL for axle category i
m AADT;: First year annual average daily traffic for axle category i.
m (T): The percentage of trucks in the ADT
m (Gji): Growth rate factor for a given growth rate j and design period t.
m (F4) = Design lane factor
m (FE,): load equivalency factor for axle category
m (T¢): Truck factor

87
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Cumulative ESALS determinations

Inputs

axle category (i)

88

88

axle category (i)

Axle/truck Example truck configurations Axle configurations
Single hﬂ;\

Tadem oo v

tudem ﬂw—m

Quad ﬂ

Five _ﬂ —

i B os soo00"

Seven oo sovsE58

Eight *Jw—m

89

89
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Cumulative ESALS determinations

Inputs

AADT; i- for each axle category )

90

90

Average Annual Daily Traffic (AADT)

AADT/ (i = for each axle category) AADT = total traf fic volume for 1 year

(4)
. 365d
m AADT Defined as o
» The average number of vehicles passing a specific point on a road, calculated of 24-hour count
day of the year.

m Estimate the number of vehicles of different types (Passenger cars, single unit trucks, multi unit trucks of
various sizes) expected to use the pavement over the design period.

»Example Calculation:
> Annual traffic = 5,475,000 vehicles/year

»Days = 365
» AADT = 5,475,000 / 365 = 15,000 vehicles/day
m AADT;:

» First year annual average daily traffic for axle category i.

Figure 3.5. Pneumatic Road Tube and Recorder
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Cumulative ESALS determinations

Inputs
(T): The percentage of trucks in the AADT

92

92

(T): The percentage of trucks in the AADT

m Represents the proportion of truck traffic in the total vehicle count.

m A critical input for estimating the impact of heavy vehicles on pavement
damage.

93
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Example Calculation of (T)

m Given Data:

» ADT = 20,000 vehicles/day
» Truck Count = 4,000 vehicles/day

m Solution:
»T = (Truck Count / ADT) x 100
>T = (4,000 / 20,000) x 100 = 20%

m Interpretation:

»20% of the total traffic is truck traffic.

94

(T): The percentage of trucks in the AADT

If actual traffic data are not available,

Table 6 .9 can be used as a guide to determine the distribution of ADTT on

different classes of highways in the United States .

TABLE 6.9 Distribution of Trucks on Different Classes of Highways in the United States®
PR W S S W—
Percent trucks
Rural systems Urban systems
Collectors
Truck Other Minor —_——— Other Other Minor
class Interstate  Principal  Arterial Major Minor Range Interstate  Freeways Principal  Arterial Collectors Range
Single-unit trucks
2-axle, 4 tire 43 60 71 73 80 43-80 52 66 67 R4 86 52-86
2-axle, 6-tire 8 10 1 10 10 a1 12 12 15 9 11 9-15
3-axle or more 2 3 4 4 2 2~ 2 4 3 2 <l <1-4
All single units 53 73 86 87 n 53-92 66 82 85 95 97 66-97
Multiple-unit trucks
4-axle or less 5 3 3 2 2 2-5 5 5 3 2 1 1-5
S-axle” 41 23 1 10 6 641 28 13 12 3 2 2-28
6-axle or more" 1 1 <1 1 <1 <l-1 1 <l <1 <l <1 <1-1
All multiple units 47 27 14 13 8 847 M 18 15 5 3 3-34
All trucks 100 100 100 100 100 100 100 100 100 100
* Compiled from data supplicd by the Highway Statistics Division, [LS. Federal Highway Administration.
" Including full-trailer combinations in some states
Source After AL(1991).
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Cumulative ESALS determinations

Inputs

(Gj:): Growth rate factor for a given
growth rate j and design period t.

96

96

Traffic Growth Factor (Gjt)

m The traffic to be used for design is the average _,

so the initial traffic must be multiplied by a growth factor
m Traffic Growth Factor (Gijt)

> It is a multiplier that accounts for the expected increase in traffic over the pavement design life
> Reflects annual growth rates for traffic volume, particularly for trucks.

m Gjt: Growth rate factor for a given growth rate j and design period t.
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Traffic Growth Factor (Gjt)

Formula for Traffic Growth Factor
m The AASHTO design guide recommend

Table 19.4 Growth Factors

Annual Growth Rate, Percent (r)

the use of traffic over the entire design i
period Years (n) Growth 2 4 5 6 ra 8 10
1 1.0 1.0 1.0 L0 1.0 1.0 1.0 1.0
. 2 20 202 204 205 206 207 208 210
m To determine the total growth factor 3 30 36 32 315 318 32l 325 33l
4 4.0 412 4.25 431 437 4.44 4.51 4.64
N4 5 5.0 5.20 542 553 5.64 5.75 5.87 6.11
(1 +]) - 1 6 6.0 6.31 6.63 6.80 6.98 7.15 7.34 772
> (G t) = ———— 7 7.0 743 7.90 8.14 839 8.65 8.92 9.49
j t 8 8.0 8.58 9.21 9.55 9.90 10.26 10.64 11.44
9 9.0 9.75 10.58 11.03 11.49 11.98 12.49 13.58
HA 10 10.0 10.95 12.01 12.58 13.18 13.82 14.49 15.94
»jis the annual growth rate 0100 147 1349 142 1497 578 1665 183
12 12.0 1341 15.03 15.92 16.87 17.89 18.98 21.38
1 1 1 13 13.0 14.68 16.63 17.71 18.88 20.14 21.50 24.52
>t IS the deSIgn perIOd (Usua”y 20 14 14.0 15.97 18.29 19.16 21.01 2255 2421 2797
15 15.0 17.29 20.02 21.58 2328 2513 27.15 31.77
yea rs) 16 16.0 18.64 21.82 23.66 2567 2789 30.32 35.95
17 17.0 20.01 23.70 25.84 2821 30.84 33.75 40.55
18 18.0 21.41 25.65 28.13 3091 34.00 3745 45.60
19 19.0 2284 27.67 30.54 33.76 37.38 4145 51.16
20 200 24.30 29.78 33.06 36.79 41.00 45.76 57.28
25 250 32.03 41.65 47.73 54.86 63.25 73.11 98.35
30 30.0 40.57 56.08 66.44 79.06 94.46 113.28 164.49
35 350 49.99 73.65 90.32 11143 138.24 172.32 271.02
98
G rOWth faCto r Table 19.4 Growth Factors
E / Annual Growth Rate, Percent (r)
Xamp e Design
Period, No
Years (n) Growth 2 4 6 7 8 10
m For an annual growth rate il
. 1 Lo 10 L0 L0 1.0 10 1.0 1.0
0,
of 4.0% and a de5|gn 2 20 202 204 205 206 207 2.08 210
. 3 30 306 312 315 3.18 321 325 331
period of 20 years, 4 40 412 425 431 437 444 451 464
5 50 520 542 553 564 575 587 6.11
compute the growth 6 60 631 663 680 6.98 7.15 734 772
7 70 743 790 814 839 8.65 8.92 9.49
factors 8 80 858 921 955 990 1026 1064  11.44
9 90 975 1058 1103 1149 1198 1249 1358
10 100 1095 1201 1258 1318  13.82 1449 1594
11 1.0 1217 1349 1421 1497 1578 1665 1853
12 120 1341 1503 1592 1687  17.89 1898 2138
13 130 1468 1663 1771 1888 2014 2150 2452
14 140 1597 1829 1916 2101 2255 2421 2797
15 150 1729 2002 2158 2328 2513 2715 3177
16 160 1864 2182  23.66 2567  27.89 3032 3595
17 170 2001 2370 2584 2821 3084 3375 4055
18 180 2141 2565 2813 3091 3400 3745 4560
19 190 2284 2767 3054 3376 3738 4145 5116
20 200 2430 [2978) 3306 3679 4100 4576 5728
25 250 3203 4165 4773 5486 6325 7311 9835
30 300 4057 5608 6644 7906 9446 11328  164.49
35 350 4999 7365 9032 11143 13824 17232 27102
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Cumulative ESALS determinations

Inputs

Design lane factor (F )

100

100

Design lane factor (Fd)

m The initial daily traffic isin two
directions over all traffic lanes

m Design lane Factors:

» Adjustments made to traffic data to account
for the uneven distribution of traffic:

» Between opposing directions of travel (**Directional
Factor**).

» Across multiple lanes in the same direction (**Lane
Factor**).

m Why is it Needed?

»Accurate Load Distribution:
» Cost-Efficient Design:

» Avoids overdesigning lanes that carry less traffic.

101
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Design lane factor (Fg)
Why is it Needed?

m Accurate Load Distribution:

> Helps engineers focus on the critical lane
with the heaviest traffic and load
concentration.

m Cost-Efficient Design:

> Avoids overdesigning lanes that carry less
traffic.

102

Design lane factor (Fd)

m The design lane
adjustments is
performed

» Between opposing directions of
travel (Directional Factor).

» Across multiple lanes in the same
direction (Lane Factor).

mFd=DxL

»(D): D is the directional
distribution factor

»(L): L is the lane distribution
factor

103
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Traffic Distribution
m D represent percentage of

Directional Distribution Factor (D)

trucks traffic traveling in one

unless the traffic in two
directions is different

direction — 47% ﬂ

m D usually assumed to be 0.5 —

Design for worst case!!

104

Lane Distribution Factor (L)

m Design lane:

» Lane expected to receive the severe service

m For two-lane highways,

» The lane in each direction is the design lane, so
the lane distribution factor is 100%

m For multilane highways,
» The design lane is the outside lane

TABLE 6.16 Lane Distribution Factor

No. of lanes in Percentage of 18-kip ESAL

each direction in design lane
1 100
2 20-100
3 6080
4 50-75

Somrce. Alier AASHTO (1986).

Design for worst case!!
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Lane Distribution Factor (L)

For two-lane highways,

m The lane in each direction is
the design lane, so the lane
distribution factor is 100%

m Design lane:

» Lane expected to receive
the severe service

Design line

https://english.stackexchange.com/questions/270607/what-is-meant-by-a-two-lane-road

106

Lane Distribution Factor (L)

For Multilane highways,
m Design lane:

> Lane expected to receive
the severe service

» The design lane is the
outside lane

TABLE 6.16 Lane Distribution Factor

Mo of lanes in

Percentage of 18-kip ESAL

each direction in design lane

Source, After AASHTO { 1986)

https:

| 100

2 80-100

3 6080 - L | | ] | | - |
4 50-75

Design line

english.stackexchange.com,/ questions, 27 0807/ what:is-m e by
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Example Calculation

m Given Data:
» Total AADT = 20,000 vehicles/day
» Directional Factor (D) = 60%
> Lane Factor (L) = 80%

m Solution:
» Traffic in Design Direction = AADT x D = 20,000 x 0.60 = 12,000 vehicles/day
» Traffic in Design Lane = Traffic in Design Direction x L = 12,000 x 0.80 = 9,600 vehicles/day

m Interpretation:
»The design lane carries 9,600 vehicles/day.

108

Cumulative ESALS determinations

Process

109

109
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Equivalent Single Axle Loads (ESALs) for category i

If the axle weight is known
m ESAL = (AADT), (T) (Grn) (Fy) (365) (N)) (Fe)

»ESAL; : ESAL for axle category i
»AADT;: First year annual average daily traffic for axle category i.
»(T): the percentage of trucks in the ADT
»(Gjt): growth rate factor for a given growth rate j and design period t.
»(F,) = Design lane factor
»(N;) = number of axles on each vehicle in category i
» (Fei) = load equivalency factor for axle category i

110

Equivalent Single Axle Loads (ESALs) for category i

If the axle weight is unknown (Using truck factors)
m ESAL = (AADT), (T) (Grn) (Fy) (365) (T

»ESAL; : ESAL for axle category i
»AADT;: First year annual average daily traffic for axle category i.
»(T): the percentage of trucks in the ADT
»(Gji): growth rate factor for a given growth rate j and design period t.
»(F,) = Design lane factor
»(T¢): Truck factor

111



Total ESAL Calculation for mixed traffic

m ESAL= Y'="ESAL,

» ESAL : ESAL for all vehicles during the design period.
» ESAL; : ESAL for axle category i

» n= number of truck categories

112

Total ESAL Calculation for mixed traffic

ESAL for Vehicle Category

Vehicle Category, FHWA Classification AADT T o F,

T; (/ vehicle)

ESAL

Passenger Cars and small trucks

2axle, 4tire vans motorhomes, etc

2-axle 6 tire single units

3 axle single unit

4 axle single unit

4-or-less-axle multi unit

365

5 axle multi unit

6-or-more-axle double unit

5-axle or less, multi-unit

6-axle, multi-unit

7-or-more-axle, multi-unit

Total ESAL

0.00E+00

113
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Cumulative ESALS determinations

Example 1

114

114

Example

m An eight-lane divided highway is to be constructed on a new alignment. Traffic volume
forecasts indicate that the average annual daily traffic (AADT) in both directions during the
first year of operation will be 12,000 with the following vehicle mix and axle loads

> Passenger cars (1000 Ib/axle) = 50% o=
»2-axle single-unit trucks (6000 Ib/axle) = 33% Lo
» 3-axle single-unit trucks (6000 Ib/axle) = 17%

If the expected annual traffic growth rate is 4% for all vehicles, determine the design ESAL,

given a design period of 20 years. The percent of traffic on the design lane is 45%, and the
pavement has a terminal serviceability index (pt) of 2.5 and SN of 5

m The vehicle mix is expected to remain the same throughout the design life of the pavement.

115
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Step-1

Table 19.4 Growth Factors

Annual Growth Rate, Percent (r)

Design
Period, No
= If the expected annual Years {n) Growth 2 4 5 6 7 8 10
H H [0) 1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
trafﬁc grOWth rate IS 4A) 2 2.0 202 2.04 2.05 206 207 2.08 210
H H 3 3.0 3.06 3.12 3.15 3.18 3.21 325 3.31
for a” VehICIeS’ determlne 4 4.0 412 425 431 437 444 4.51 4.64
1 1 5 5.0 520 542 5.53 5.64 575 5.87 6.11
the deSIgn ESAL’ g|Ven a 6 6.0 631 6.63 6.80 6.98 7.15 7.34 7.72
design period of 20 vears 7 70 743 7.90 8.14 8.39 8.65 8.92 9.49
g p y 8 8.0 8.58 9.21 9.55 9.90 10.26 10.64 11.44
9 9.0 975 10.58 11.03 11.49 11.98 12.49 13.58
|| (Grn) = 2978 10 10.0 10.95 12.01 12.58 13.18 13.82 14.49 15.94
11 11.0 12.17 13.49 14.21 14.97 15.78 16.65 1853
12 12.0 13.41 15.03 15.92 16.87 17.89 18.98 21.38
13 13.0 14.68 16.63 17.71 18.88 20.14 21.50 24.52
14 14.0 1597 18.29 19.16 21.01 22.55 2421 2797
15 15.0 17.29 20.02 21.58 2328 25.13 27.15 31.77
16 16.0 18.64 21.82 23.66 25.67 27.89 30.32 35.95
17 17.0 20.01 23.70 25.84 2821 30.84 3375 40.55
18 18.0 2141 25.65 28.13 30.91 34.00 37.45 45.60
19 19.0 2284 27.67 30.54 33.76 37.38 4145 51.16
20 20.0 24.30 29.78 33.06 36.79 41.00 45.76 57.28
25 25.0 3203 41.65 47.73 54.86 63.25 7311 98.35
30 30.0 40.57 56.08 66.44 79.06 94 .46 113.28 164.49
35 35.0 4999 73.65 90.32 111.43 13824 172.32 271.02

116

Step-2

Determine design lane factor (F,)

» Thus, the design lane factor (F,) = 45%

m The percent of traffic on the design lane is 45%,

117
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Step-2
Determine the percentage of trucks in the ADT (T)

» Passenger cars (1000 Ib/axle) = 50%
» 2-axle single-unit trucks (6000 Ib/axle) = 33%

» 3-axle single-unit trucks (6000 Ib/axle) = 17% ’

118

Example

Assume SN =5and Pt=2.5

Passen ger Cars (2000 Ib/aXIE) Table 19.3a Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p,of 2.5
Pavement Structural Number {SN)
Axle Load
(kips) 1 2 3 4 5 6
2 0004 {0004 0003 0002 ?cm 0002
4 003 {004 004 003 . {002
6 011 017 017 013 010 009
8 032 047 051 041 034 {031
10 078 102 118 102 088 {080
12 .168 .198 229 213 .189 176
14 328 358 399 388 .360 342
16 591 613 646 645 623 606
18 1.00 1.00 100 1.00 1.00 1.00
. . 20 1.61 1.57 1.49 1.47 1.51 1.55
2000 ib 2000 ib 2 248 238 217 209 218 230
24 3.69 3.49 3.09 2.89 3.03 327
26 533 4.99 431 3.91 4.09 4.48
28 7.49 6.98 5.90 5.21 539 5.98
LEF for single axle = 0.002
Number of axles XLEFs for each axle 2x0.002 .
Truck factor (Tr) = 2 f ,f ) = X ) = 0.004 per vehicle
Number of vehicles 1
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Example
2-axle single-unit trucks (6000 Ib/axle)

Assume SN =5and Pt=2.5

Table 19.3a Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p,of 2.5
Pavementi Structural Number (SN)
Axle Load
(kips) 1 2 3 4 5 6

2 0004 0004 0003 0002 0002 0002
4 2003 004 004 003 00 2002
6 o11 017 017 o13 @ 009
8 032 047 051 041 3 {031

10 078 102 118 102 088 {080

12 168 198 229 213 189 176

14 328 358 399 388 360 342

16 591 .613 646 645 .623 606

6,000 ib 6,000 ib

Y(Number of axles XLEFs for each axle) _ Y(2x0.01) _
Number of vehicle -

Truck factor(Ts) =

0.02 per vehicle

120

Example

3-axle single-unit trucks (10,000 Ib/axle) Assume SN = 5 and Pt = 2.5
Table 19.3a Axle Load Equivalency Factars for Flexible Pavements, Single Axles, and p,of 2.5
Pavement Structural Number (SN)
Axle Load
(kips) 1 2 3 4 5 6
2 0004 0004 0003 0002 L0002 0002
4 003 004 004 2003 002 002
6 011 017 017 013 010 009
8 .032 .047 051 041 034 .031
10 .078 102 118 102 088 .080
N

lable 19.3b  Axle Load Equivalency Factors for Flexible Pavements, Tandem Axles, and p, of 2.5

Pavement Structural Number (SN)

10,000 |b 22,000 |b Axle Load (kips) I 2 3 1 P P

2 o001 0001 oot oo 000 0000

4 0005 0005 0004 0003 0003 0002

6 o0z 002 02 Jom 001 00

8 004 006 005 004 003 003

10 008 013 o1 009 007 006

1x0.088+ *0.18 . 12 A5 024 023 018 014 013
Truck factor(Tf) == u =0.264 per vehicle 14 026 041 142 033 027 024
1 16 044 065 070 057 047 043

18 070 097 109 092 077 070

20 107 141 162 141 ‘E’ 110

22 160 198 229 207 , 166

24 21 273 315 29 e 242

26 327 370 420 401 364 38

28 451 493 S48 534 495 AT70
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Solution
Total ESAL Calculation for mixed traffic
mESAL= Y23 ESAL,

m ESAL= ESAI‘Passenger + ESAI'2-axle single-unit trucks + ESAI-3-axle single-unit trucks
m ESAL= 0 + ESALZ—axIe single-unit trucks + ESAL3—ax|e single-unit trucks
122

Equivalent Single Axle Loads (ESALs) for category i
For 2-axle single-unit trucks (6000 Ib/axle)

u ESALZ-axIe single-unit trucks = (AADT)O (T) (Gm) (Fd) (365) (Tf)
B ESAL, e single-unit rucks = (12,000), (33%) (29.78) (45%) (365) (0.02) =
u ESAI-2-axIe single-unit trucks = 0.3874 X106
[ |
123
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Equivalent Single Axle Loads (ESALs) for category i
For 3-axle single-unit trucks (6000 Ib/axle)

m ESAL

m ESAL

m ESAL

3-axle single-unit trucks

3-axle single-unit trucks

=2.6343 X 10°

3-axle single-unit trucks

= (AADT), (T) (Gm) (Fy) (365) (T¢)
= (12,000), (17%) (29.78) (45%) (365) (0.264) =

124

Solution
Total ESAL Calculation for mixed traffic

ESAL for Vehicle Category

Vehicle Category, FHWA Classification

AADT |T G, Fqy T; (/ vehicle) ESAL

Passenger Cars and small trucks 12,000] 50% 29.78 45% 0.004 1.17E+05
2axle, 4tire vans motorhomes, etc 12,000] 33% 29.78 45% 0.02 3.87E+05
2-axle 6 tire single units 0.00E+00
3 axle single unit 12,000| 17% 29.78 45% 0.264 2.63E+06
4 axle single unit 0.00E+00
4-or-less-axle multi unit 365( 0.00E+00
5 axle multi unit 0.00E+00
6-or-more-axle double unit 0.00E+00
5-axle or less, multi-unit 0.00E+00
6-axle, multi-unit 0.00E+00
7-or-more-axle, multi-unit 0.00E+00

Total ESAL 3.14E+06
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and regulations
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