





CHASTAIN AND SCHWARTZ

To do this it is first necessary to refer to the minimum thickness

and material requirements which serve as guides in selecting the types

of materials and determining the actual thicknesses to be used. Referring
to Table 7, the minimum requirements for Dt = 4.0 to 4.99 are:

Surface Course = not less than 4 inches thick and not
less than I=11 bituminous concrete,

inches of stabilized
al haVLng a minimum

“eng h ef 650 psi or a
Stability of 500,

Base Course = not less than §
granular materi
Compress ivé sEY
minimum Marshall

Subbase = not less than 4 inches thick and not
less than Grade 11 gravel, if used.

Using these minimum requirements as guides, it is now possible to select
the materials to be used in the surface, base, and subbase courses, and to cal=-
culate the corresponding thicknesses using the equation:

Dy = ajDy 4 azDz ¥ 8.31)3

The values of the coefficients for the materials selected for trail designs
in this sample problem are obtained from Table 6 as follow:

Surface Course aj

I=11 bituminous concrete
(minimum Marshall stab. = 1700) 0,40

Base Course a,

Bituminous Stabilized Granular Material

{900 minimum Marshall Stability) 0.24
Portland Cement Stabilized Granular
Material

(7=day minimum compressive strength

= 550 psi) 0,23
Lime=«Fly Ash Stabilized Granular Material

(21-day minimum compressive strength =

650 PSi} 0323

i Subbase an

Grade 11 gravel
(30 minimum CBR) 0,11
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CHASTAIN AMD SCHWARTZ

The thicknesses of the various layers are determined by assuming thick-
nesses for two of the layers within the minimum requirements and calculating the

required thickness of the third layer.

(a) Assume for the example problem that an S-inch bituminous
stabilized granular base (ap = 0.24) is to be used, that
the surface will be 4 inches thick, and that the subbase

will be Grade 11 gravel. The required thickness of subbase
is determined as follows:

Dg = ayDq £ ajD,y # agby
4,75 = (0.40 x &) #(0.24 x 8) # (0.11D3)

Dy = 1.23 = 11.2 inches < Use 11 inches,
0,11
{(b) A second soclution to this problem is obtained by assuming
that an &=-inch portland cement stabilized granular base
(89 2 -0,23) will -be used; that the surface course will.be
4 inches thick, and that the subbase will be Grade 11 gravel.

@«7’5 &= (0@&'0 x '{—3') #(Oa23 # g ?‘l@glﬁ)g)

D3 = 1,31 = 11,91 -« Use 12 inches.
0,11
(¢) A third solution is obtained by assuming a 10~inch bituminous
stabilized base (ap = 0.24) and the subbase will be 4 inches

of Grade 11 gravel. The thickness of surface course is deter-
mined as follows:

4s75 = (Qﬁégﬁl) £ (0.24 = 10) 4 (0,11 x 4)
%% D1 = éaZé = 4,73 inches - Use 4,75 inches.

Thus, for this sample problem three combinations of thicknesses of
specific types of materials (three trail designs) have been determined, and all
equally satisfy the requirement that the structural number, D, equals 4.75.

Other trail designs could be fetermined by assuming different types of
materials and different thicknesses of twe of the layers and computing a new
thickness for the third, providing the types and thicknesses weet the minimum

requirements given in Table 7. The selection of the combination of thicknesses

w3l




CHASTAIN AND SCHWARTZ

and materials to be used for the pavement structure from those dete?mined by the
trail designs is basically a problem of economics, The one selected generally
should be the one that can be built and maintained for the least amount of money.
This can be determined by applying current unit prices to the various combinations

of materials and thicknesses and to maintenance operations,

wES“



CHASTAIN AND SCHWARTZ
APPENDIX A

DEFTHITION OF TERIS

G/

Pavement Structure = the combination of subbase, base course, and

surface course placed on a subgrade to support the traffic load and distribute

it to the roadbed.

Bituminous Pavement = a pavement structure which maintains intimate

contact with and distributes loads to the subgrade and depends upon aggregate

interlock, particle friction, and cohesion for stability, and a pavenment

structure which includes a bituminous concrete surface course over a portland

cement concrete base course.

=
%Wwﬁc
L 5/

Roadbed = the graded portion of a highway within top and side slopes

as a foundation for the pavement structure and shoulder.
c/
et

Subgradé“a the top surface of a roadbed upon which the pavement

structure and shoulders are constructed,
G/

Subbase = the layer or layers of specified or selected material of

designed thickness placed on a subgrade to support a base course,
6/

Base Course = the layer or layers of specified or selected material
of designed thickness placed on a subbase or a subgrade to support a surface
course,

6/

Surface Course = one or more layers of a pavement structure designed

to accommodate the traffic load, the top layer of which resists skidding,
traffic abrasion, and the disintegrating effects of climate, The top layer is
sometimes called "Wearing Course",

Single Units « single unit commercial vehicles having two or three

xles,

Multiple Units = truck tractor semitrailers, full frailer combination

vehicles, and other combinations.
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6/

Single Axle = an assembly of two or more wheels, whose centers are in
one transverse vertical plane or may be included between two parallel transverse
vertical planes 40 inches apart extending across the full width of the vehicle.
s/

Tandem Axle - any ftwo or more consecutive axles whose centers are
more than 40 inches but not more than 96 inches apart, and are individually
attached to and/or articulated from a common attachment to the vehicle including
a connecting mechanism designed to equalize the load between axles,

6/
Axle Load « the total load transmitted to the pavement by either a

single or tandem axle, usually expressed in kips (1000 pounds).

Single Aule Load = the total load transmitted to the road by a single

axle when spaced more than & feet aparb.
o
Tandem Axle Load = the total lecad transmitted to the road by two or

more consecutive aules whose centers may be included between parallel transverse
vertical planes spaced more than 40 inches and not more than 96 inches apart,
xtending across the full width of ‘the vehicle,

Weighted Axle~load Application - that axle lecad application resulting

after the use of the AASHO Recad Test seasonal weighting to describe the relative
serviceability loss petential c¢f a pavement during an index period.

Equivalency Factor - a numerical factor that expresses the relationship

of a given axle load to another axle load in terms of their effect on the
serviceability of a pavement structure, 1In this guide all axle loads are equated
in terms of the equivalent number of repetitions of an 1ld-kip single axle-~load.

£

Time-Traffic Exposure Factor - a numerical factor applied to the thick-

ness index indicated by the Road Test flexible pavement performance equation to

modify the equation to be more representative of the behavior of pavements serv-
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ing under similar conditions but over periods of time more typical of regular

service life.

Design Period - the number of 'years that a pavement is to carry a
specific traffic volume and retain a serviceability level at or above a desig=
nated minimum value,

Structural Design Traffic ~ the average daily traffic projected to

the year representing one half of the design period.

Class I Roads and Streets = roads and streets being designed as four-

lane or more facilities, or as part of future four-lane or more facilities,

Class II Roads and Streets = roads and streets with structural design

traffic greater than 1000 ADT and being designed as two-lane or three-lane facili~
ties,

Class JIT Roads and Streets « roads and streets with structural design

traffic between 400 1000 ADT.

Class IV Roads and Streets = roads and streets with structural design

traffic lesscthan 400 ADT,
Design Lane - the lane carrying the greatest number of single and
multiple units,

Traffic Pactor ~ the total number of 10~kip equivalent single axle

load applications anticipated during the design period, expressed in millions,

Structural Humber - an index number derived from an analysis of traffic

and roadbed soil conditions, which may be converted to pavement thickness through
the use of suitable factors related to the types and strengths of materials being

used in the pavemeni structure.
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TARLE - 1
18-Kip Single-Axle Equivalency Factors

Single Axle 18-Kip Single-aAzle Tandem Axle 18-Kip Single-Axle

Load, Kips Equivalency Factor Load, Hips Eqguivalency Factor
P51s2.0 P8122.5 PS1=:2.0 PS1=2.5

2 0.00602 0.0003 4 0.,0003 . 0005

A 0.0022 0.0032 8 0.0030 G.0054

5 6 0.0100 0.0133 12 0,0133 0.0167

|

= 8 0.0323 0.0383 i6 0.0450 0.0550
10 §.0817 ¢.0950 20 0.1117 0.1300

12 0.1750 0.1967 24 0,2617 ;'0g266?

14 0.3383 0.3633 28 0.4683 0.4983

16 G.6017 0.6217 3z 0.8267 (.8533

18 - 1,0000 1.0000 36 ... 1.3800 1.3800

20 ©1,5800 1.5333 40 2.1717 2.1133

22 2.3917 2.2667 Gl 3.2900 3.1183

24 3.5000 3.2433 48 4.8150 4.4617
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TABLE 2
Equivalent 10-Kip S.A.L. Applications Per Vehicle
Claseification
Road or Street 13-%ip Equivalent S.A.L. per Vehicle
Classification Passenger Sinzle Multiple
g Cars Units Units
-
; Class I 0.0004 0,117 0.947
Class II 6.0004 0,109 0.924
Class 111 0.0004 0.095 0.7%

Class IV 0,0004 0,027 0.216
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TABLE 3

Average Lane Distribution of Structural
Desizn Traffic

STRUCTURAL DESIGN TRAFFIC

No. lanes Percent of Single Percent of
in and Multiple Units Passenger Cars
Pavement in Design Lane in Design Lane
Facility
2 0or 3 50 50
4 45 32

5 or more

40 20
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Table 4 « Traffic Factor (T.F.,) Equations

Class of

Road or Street Equation

Class I T.F. 2 D.P., | (0.146 P,C.xP) # (42,705 SUxS) # 345.655MUxM)
a 1,000,000 ]

Class II T.F, = D.P, (0.146P,.C,xP) # (39.7855Ux8) ¢ (337.260MUxM)
B 1,000,000 a

Class III T.,F. = D.P. | (0,146P,C.xP) # (35,770SUxS) # (239,310MUsM)
- 1,000,000 |

Class IV T.F. z D,P. | (0.146P,C.xP) # (9.855SUxS) # (78.040mux) |

1,000,000

D.P., = Design Period
P.C., S5.U., MU, = Total daily passenger cars,
single units, and multiple
units {structural design traffig)
P, S, M = Percentages of P,C,, S.U,, and ¥.U, in
design lane (see Table 3)
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TABIE S
Suggested Minimum Soil Support CBR Values
Soil Classification CBR Value*

A=1 20
An2wl, AmZ=5 15
A=2=0, Aw2~=7 12
A=3 10
A=l A=5, A=0 3
A=T7=5, A=7=0 2

% Values obtained by the CBR test procedure used by the
Illinois Division of Highways; test specimens prepared
by the static method of compaction using 2,000 psi pressure,
and scaked for four days before testing, HRB Proceedings,
Volume 22, 1942, pages 124129,
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TABLE 6 = MINIMUM COEFFICIENTS FOR PAVEMENT STRUCTURE MATERIALS

Minimum Strength

Materials Requirements Coefficients?/
M.8,1/ CBR  PSL a1 2, a3

Bituminous Surface, Subclass:

B~l, B=2, B~3, and B~4 300 0.20
B~5 and J-1 500 0.30
I-11 1700 0.40

Base Course

Granular
Gravel, Grade 7 50 0.10

: Gravel, Grade 9 70 0,12
§ Crushed Stone, Grade o 30 0.13
2 Waterbound Macadam 110 0,14
, /
% Selected Soil Stabilized With Portland Cement 3002’ 0.15
L

Granular Material Stabilized With Portland &5‘2é g'ig

Cement, Plant Mix 650 = N

Granular Material Stabilized With Lime~Fly Ash 4502/ 0.20

650-3/ 0.23

Granular Material Stabilized With Bituminous

Materials
Emulsified Asphalts 300 0.16
Liquid Asphalts 400 0,13
Paving Asphalts 630 0,20
200 0,24
1700 2/ 0.33
Portland Cement Concrete (new) 25004 0,50

Subbase
ravel
Grade 11 30 0.11
Grade 7 50 0,12
Grade 9 70 .13
Crushed Stone

Grade 3§ 20 0,14

Marshall Stablility or equivalent, :

7=day compressive strength (valve that can be reasonably expected under field conditions).
21l=day compressive strength (value that can be reasonably ewpected under £ield conditions),
These coefficients rnay he considered as minimums for the materials listed in the table,
For use of materials with minimm strengths in excess of those given above, the coeffi-
cients may be determined from Figures 2 thyough 7 ., Other approved materials of similar
strengths may be substituted for those listed in the table,
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BITUMINOUS PAVEMENT DESIGN

(PS1=2.5)

CLASS T
ROADS AND STREETS
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