Chapter 18’

PAVEMENT DESIGN

18.1  TRAFFIC CONVERSION TO EQUIVALENT SINGLE AXLE LOAD

Empirical designs are based on commercial vehicles or on equivalent 8.16 ton single axle (ESA) or on
equivalent 18 kips single axle load (EAL). Most of the recent empirical design tables are based on
equivalent axle load, either ESA or EAL (see Table 18.1).

It is, therefore, necessary to convert the traffic to equivalent single axle loads. Vehicles of different axle
loads can be converted to equivalent single axle loads by using empirical relationships established by the
American Association of State Highway Officials (AASHO) Road Test. The equivalency factor,
sometimes also called damaging power, depends upon the number of axles of the vehicle, structural
number of the pavement, and current serviceability of the pavement. The following equation has been
derived from the AASHO Road Test for:

W, L +L 10 GIB,, |

F =_53% == 2] 479 | ] =
J W 18 + 1 10 GIB, L
where,
W, :
F, = - = axle load equivalency,
WX
W, = axle load in terms of a single axle of 18,000 pounds,
& = axle load of a given vehicle W,
L, = code for axle configuration, 1 for a single axle and 2 for a tandem axle,
42 - P . 1 4 . - :
G = log [2—’] = a function of the ratio of loss in serviceability at time
42 - 1.5 t to the potential loss taken to a point where P, =1.5,
P, = terminal serviceability index,
0.081 (L. + L)**®
B = 4 + & + L) , and
(SN + 1)5.19 L3.23
SN = structural number.

An axle load study should be carried out to determine the axle loads of the different traffic on existing
roads.

All figures and tables without source in this chapter are the author’s own work.
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Table 18.1 AASHTO equivalent factors - flexible pavement

Structural Number, SN

Axle Load
(kips) 1 2 3 4 5 6
2 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
4 0.002 0.003 0.002 0.002 0.002 0.002
6 0.01 0.01 0.01 0.01 0.01 0.01 “
8 0.03 0.04 0.04 0.03 0.03 0.03
10 0.08 0.08 0.09 0.08 0.08 0.08
12 0.16 0.18 0.19 0.18 1.17 0.17 .
14 0.32 0.34 0.35 0.35 0.34 0.33 |
16 0.59 0.60 0.61 0.61 0.60 0.60
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.61 1.59 1.56 1.55 1.57 1.60
22 2.49 2.44 2.35 2.31 2.35 2.41
24 3.71 3.62 3.43 3.33 3.40 3.51 )
26 5.36 5.21 4.88 4.68 4.77 4.96 1
28 7.54 7.31 6.78 6.42 6.52 6.83 ]
30 10.38 10.03 9.24 8.65 8.73 9.17 ,
32 14.00 13.51 12.37 11.46 11.48 12.17
34 18.55 17.87 16.30 14.97 14.87 15.63
36 24.20 23.30 21.16 19.28 19.02 19.93
38 31.14 29.95 27.12 24.55 24.03 25.10
40 39.57 38.02 34.34 30.92 30.40 31.25
Single Axles, Pt = 2.0 Tandem axles, Pt = 2.0
Structural Number, SN
Axle Load
(kips) 1 2 3 4 5 6
10 0.01 0.01 0.01 0.01 0.01 0.01
12 0.01 0.02 0.02 0.01 0.01 0.01
14 0.02 0.03 0.03 0.03 0.02 0.02
16 0.04 0.05 0.05 0.05 0.04 0.04
18 0.07 0.08 0.08 0.08 0.07 0.07
20 0.10 0.12 0.12 0.12 0.11 0.10
22 0.16 0.17 0.18 0.17 0.16 0.16
24 0.23 0.24 0.26 0.25 0.24 0.23
26 0.32 0.34 0.36 0.35 0.34 0.33
28 0.45 0.46 0.49 0.48 0.47 0.46
30 0.61 0.62 0.65 0.64 0.63 0.62
32 0.81 0.82 0.84 0.84 0.83 0.82
34 1.06 1.07 1.08 1.08 1.08 1.07
36 1.38 1.38 1.38 1.38 1.38 1.38
38 1.76 1.75 1.73 1.72 1.73 1.74
40 2.22 2.19 2.15 2.13 2.16 2.18
42 2.77 2.73 2.64 2.62 2.66 2.70
44 3.42 3.36 3.23 3.18 3.24 3.31
46 4.20 4.11 3.92 3.83 3.91 4.02
48 5.10 4.98 4.72 4.58 4.68 4.83
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Table 18.1 (confinued)

____________________________________________________________________________________________________________________

AXe L 0Ad —m oo e e
(kips) 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 0.004 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 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 2.61 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 17.73 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
Single axles, Pt = 2.5 Tandcm axles, Pt = 2.5

Structural Number, SN
AXIE  L0ad ~momm e e
(kips) L 2 3 4 5 6
10 0.01 0.01 0.0l 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
40 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 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

Source: AASHTO Pavement Design Guide 1985
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for the purpose of structural design, cars can be ignored and only the total number and axle loading of co
vehicles, that will use the road during its design life need be considered. A commercial vehicle is defined a
goods or public service vehicle that has an unladen weight of 1.5 tons or more.

18.2  LANE DISTRIBUTION OF TRAFFIC

The design traffic load for pavement design is obtained by determination of the actual traffic in the desj
lane. This can be done either by actual studies of traffic in each lane or by an empirical method
distribution of the total traffic in both directions. The traffic distribution by direction varies from 0.3 g
0.7 of the total of two direction traffic, Normally the directional distribution is taken as 0.5. -| '

Once the traffic in each direction is known, this is again distributed by lane, if there is more than g
lane for the traffic in a particular direction. For single lane, one-directional traffic the distribution is {
as 1.0 of the directional traffic. This lane distribution is reduced by 0.2 for each additional lane.

The following distribution may be followed for design of traffic in developing countries by 1

empirical design nomographs, most of which are developed for roads with two or more lanes.

i) Single-lane (3.5 - 3.75 width) : b
design traffic = 2 x traffic in both directions, to account for channelization of wheel Ioadiﬁr

i) Single-lane ( 4 to 4.5m width) :

|
design traffic = 1.5 x traffic in both directions. |

iii) Single-lane (4.5 to 5.5m width) :
design traffic = 1 x traffic in both directions.

iv) Two-lane, single carriageway road (5.5 to 6.5m width) :
design traffic = 0.75 x traffic in both directions.

v) Two-lane, single carriageway roads (6.5 to 7.5m width) :

design traffic = 0.5 x traffic in both directions.

The traffic need not be increased for load concentration effect as in cases i) and ii) above when d
is carried out using a Structural Number (SN) or mechanistic empirical methods.

18.3 DESIGN LOAD

The design traffic is considered in terms of the cumulative number of standard axles (in the lane car
maximum traffic) to be carried during the design life of the road.

The following equation may be used to calculate the total design traffic load:
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_ 365xN [(1 +r)* -1]

N

b r
where,
Np = total design traffic in ESA,
N - initial average daily traffic in the design lane in ESA,
r = growth rate, and
n = design life in years.

18.4 DESIGN METHODS
Some of the methods based on material characterization for pavement design are:

2 CBR method™,

R - value method™,

Structural number method™, and
: Mechanistic design method."™

1

These methods are commonly known by agency, examples of which are given below.

National Crushed Stone Association
California

AASHTO, 1985

Transport and Road Research Laboratory
Asphalt Institute

o ol

The following discussion is an introduction to a few of the several methods of pavement design. The
reader is, however, advised to refer to appropriate literature for further details.

18.4.1 CBR Method

In this method the California Bearing Ratio (CBR) used is for material characterization. The thickness
of different layers of a pavement can be obtained by using CBR values of the materials to be used in
different layers. Standard design charts, or nomographs, prepared by several agencies are available which
allow determination of thickness against the input of traffic load and CBR. Most agencies have developed
design charts relating axle load to the thickness of surface and sub-base of a given material type for
various sub-grade CBR values. This requires adaptation of the base and sub-base materials having the
Same properties as specified in the development of design charts. Adjustment for variability in the
[C)hmperties of base, sub-base, and surface materials available is therefore not possible in using such design
arts.

s
empirical methods

e Analytical and empirical method
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18.4.2 U.S. Corps of Engineers’ Method

Section 18.5.1 is an example of design using this method.

18.4.3 The TRRL Method

The Transport and Road Research Laboratory’s (TRRL) Road Note 31 and Road Note 29 descrit
empirical methods based on performance tests for the design of pavements for traffic loads of up to
million ESA and greater than 2.5 million ESA respectively. TRRL Road Note 31 is especially devel
for the tropical and subtropical conditions of developing countries. Traffic load and sub-grade CB
basic inputs. The surface, base, and sub-base materials have to conform to those adopted in the

for application of this method. Sections 18.5.2 and 18.5.3 present design example by this method.

18.4.4 R-value Method

This method uses R-value, which is a stabilometer value to characterize the property of each layer a
against CBR value in the CBR method. This method is based on California methods.

18.4.5 Structural Number (AASHTO 1985) Method

The Structural Number (SN) is defined as an index number derived from an analysis of traffic, road
soil conditions, and regional factors that may be converted to the thickness of various flexible-paver
layers through the use of suitable layer coefficients related to the type of material being used in each |
of the pavement structure. The layer coefficients (designated by a, a,, and a,, for surface, bases, and
base respectively) give the empirical relationship between SN for a pavement structure and layer thickn
and express the relative ability of a material to function as a structural component of the pavement.

Analytically, the SN is given by:

SN = a, D, + aDm, + a,Dym,,
D,,D,,D, = actual thickness of surface, base, and sub-base, and
m,,m, = drainage coefficients for base and sub-base respectively.

The Structural Number Design Method is based the on the 1950-1960 American Association of Staté
Highway Officials (AASHO) Road Test. The advantages of the SN method of design are:

- provision for drainage conditions,
- flexibility to design for variable material properties for different layers, and
- use or reliability.

Section 18.5.4 presents an example of design by this method.
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18.4.6 Mechanistic Empirical Method

This method, also known as the layered elastic design method, is an analytical method that calculates
stresses and strains at different depths of the pavement layer. Fatigue of asphalt surface and rutting of
sub-grade, under the designed load, are used as failure criteria for the design of different layers of the

avement. This method tries to characterize the problems of all materials in terms of the dynamic
modulus of elasticity. The dynamic modulus of elasticity, sometimes called resilient modulus, is a
dynamic test response defined as the ratio of repeated axial deviator stress to the recoverable axial strain,

E.:

0]
M, = —
Ea

18.4.7 Criteria for Failure

Rutting Criteria for Failure

Rutting is the permanent deformation resulting from traffic-associated distress. It is the phenomenon of
longitudinal depressions in the wheel paths, resulting from compaction or lateral migration of one or more
pavement layer materials under the action of traffic and environment. The equation developed by Finn
et al. for failure by deformation of sub-grade is given by the Equation in Section 18.5.6.

Fatigue Criteria for Failure

Fatigue is defined as the phenomenon of load-induced cracking due to repeated stress at strain levels
below the ultimate strength of the material. The strain at the bottom of the asphalt layer is the measure
of cracking. The allowable strain is different for different quality surface layers. Several equations have
been developed by various agencies to equate the failure to a given level of allowable strain. The fatigue
model is given by the Equations in Section 18.5.7.

18.4.8 Advantages and Disadvantages of Mechanistic Design

Advantages of Mechanistic Design

With mechanistic design, it is possible to try several combinations of material and thickness for the
various layers in order to come up with the most economical solution for the same strength.

Disadvantages of Mechanistic Design
The following are some problems associated with mechanistic design:

the assumption that pavement layers are homogeneous, isotropic, and elastic is not completely
true,
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- computer use is essential,

- the dynamic modulus of elasticity of in siru materials cannot be easily determined, and

- the dynamic modulus of elasticity for layers of granular material is dependent on the stre
conditions of the layer and stress sensitivity relationships are needed to adjust the lab modulug
to the actual conditions.

their own conditions. Section 18.5.5 and 18.5.6 present examples of design by these methods.
18.5.7 is based on The CHEVPC computer programme.

Each user agency may develop their own failure equations and use them with the stresses or strains
calculated by computer analysis in order to design pavement layers. The following discussions prese
the background of existing computer programmes for layered-elastic analysis. Section 18.5.7 presen
examples of designs using computer analysis and given failure equations.

18.4.9 Existing Computer Programmes for Layered-Elastic Analysis

The following discussion presents an overview of existing computer programmes for multi-layered elasti
analysis based on background material after NewComb, University of Washington, 1985.

Background

Much of what is currently used in the structural analysis of pavements is based on technology that has
evolved over the last 60 years. The first use of the layered-elastic theory in pavement design occu
in 1926 when Westergarrd applied these principles to Portland Cement Concrete (PCC) paveme
Burmister later used the theory of elasticity as an approach to the solution of multi-layered, ela
pavement structures. In the development of his solution, Burmister assumed that each layer could
represented as a homogeneous, isotropic, and linear elastic material. Each layer was assumed to ex
infinitely in the horizontal direction, and the bottom layer was assumed to extend infinitely downwa
The other layers were assumed to have finite thickness.

In pavement systems, loads generally occur over an elliptical area. The resulting vertical stresses a
distributed in a bell-shaped fashion on the horizontal surfaces. The maximum stress is located O
vertical line to the midpoint of the load. Several influence charts and tables have been developed °
determine the stresses, strains, and deflections in a one-layer system for any value of Poisson’s Ratio.

Typical pavements are composed of different layers and material stiffness decreases with depth. The en
result is the reduction of stresses, strains, and deflections in the sub-grade compared to the one layer

In two-layer systems, materials within a specific layer are assumed to be homogeneous, isotropic, @
elastic. Furthermore, the layers are assumed to extend an infinite distance horizontally. The surface la}
has a finite depth and the underlying layer is assumed to be semi-infinite in the vertical. For bound
and continuity considerations, there are no shearing and normal stresses outside the loaded area for ¢
surface layer and the layers are assumed to be in continuous contact.
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For a three-layer pavement system, several charts and tables have been developed by Peattie, Jones, and
Fox (1962) to determine the stresses, strains, and deflections. Peattie developed graphical solutions for
vertical stress in three-layer systems. Jones presented solutions for horizontal stresses in a tabular form.
Both these solutions were based upon Poisson’s Ratio of 0.5 for all layers.

The logical extension of these solutions was the development of computer programmes in order to
expedite analysis and allow greater flexibility in the accommodation of material properties and multiple
loads. Even the most elementary of these allow for materials with Poisson’s Ratio other than 0.5. Some
are capable of ascertaining the effects of multiple gear configurations and/or non-linear material behavior.
Recently, Bush developed a computer programme which essentially works layered-elastic analysis in
reverse to determine material properties from non-destructible deflection measurements.

Finite element analysis has been recently proposed to evaluate the response of pavement structures to
Joading. This method defines the pavement in terms of elements that are connected at nodal points. The
stiffness at each nodal point is calculated by means of assuming displacement variation within the element
along with a knowledge of the stress-strain behavior of the element material. Equilibrium at each nodal
point may be expressed by two equations which are used to solve the unknown displacements. Once the
displacements at all the nodal points have been calculated, the stresses and strains for each element may
be computed.

Computer Programme Descriptions and Operating Notes

This section provides the user with a general overview of some computer programmes for pavement
designs in the U.S.A. It contains information on the principles of operation, the assumptions associated
with each programme, the characteristics and limitations, and specific warnings on possible pitfalls the
user may encounter. The information presented here is intended to be supplemented by the user’s manuals
and other references that contain more detailed descriptions of the programme.

The layered-elastic system computer programme was developed at the University of California, Berkeley,
and can be used to analyze up to ten identical loads on a five-layer system. The programme computes
various components of stresses, strains, and displacements along with principal values in a three-
dimensional, ideal layered-elastic system.

The top surface of the pavement is assumed to have no shear. As with other layered-elastic systems, the
layers are assumed to have uniform thicknesses and to be infinite in horizontal distance. Layered
interfaces are assumed to be continuous. A finite thickness may be used for the bottom layer or it may
be assumed semi-infinite. If a finite thickness is used, the programme assigns a rigid underlying layer to
support it and a continuous or frictionless interlayer must be assumed.

Input data for ELSYMS are any two of three load determinants (load in pounds, stress in pounds per
Square inch, radius of load in inches), load position, elastic modulus, Poisson’s Ratio, location of analysis
points, and thickness of each layer (except the lowest). Coordinates for load positions and analysis points
are expressed in terms of x and y for horizontal locations and z for depth.

Loads are assumed to be uniform, static, and circular, and the principle of superposition is used for
determining the effect of multiple loads. Hicks et al. (1978) identified the following programme
Characteristics:
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(a) one to five systems may be evaluated in a single run,

(b) one to five layers may be used in the systems,

(c) one to ten identical circular loads may be applied to the pavement,

(d) one to 100 locations may be specified for pavement response results (stress, strain, deflection),

(e) no depth may be specified for pavement response results if the point is below the top of the rigid
underlying layer, N

Q) no negative data are allowed except for horizontal distances,

(g Poisson’s Ratio can be any value except one; for a sub-grade on rigid support, Poisson’s Ratig
must not be within the range of 0.748 to 0.752, and

(h) results are approximate at or near the pavement surface and at some horizontal distances from
the load; this is due to a truncated series used in the integration process.

CHEV VP

This programme presents solutions for multi-layered elastic systems. The original version of t
computer programme was developed by the Chevron Research Company (formerly California Res
Corporation) in the early 1960s. It computes stresses, strains, and deflections as a result of a sin
uniform, circular load applied vertically to the pavement. This system is capable of analyzing up to
layers. All layers are of finite thickness, except the bottom which is of semi-infinite thickness. T
horizontal dimension is infinite for all layers. The surface of the pavement is assumed to have no she
forces acting upon it.

Radial and vertical distances are expressed in cylindrical coordinates as R and Z respectively. The z-
at R=0 extends through the centre of the load.

The vertical load and contact pressure are used to describe the problem loading conditions. Using
parameters, the programme computes the load radius. Material properties of individual layers
expressed in terms of the modulus of elasticity (resilient modulus), Poisson’s Ratio, and thickness.

At least 30 radial and 30 vertical points may be selected for analysis. In addition to typical strain val
the programme identifies and describes the maximum, principal tensile strain with respect to its
from the radial axis. The following programme operating characteristics have been identified:

(a) up to 15 layers may be incorporated in the programme,
(b) the materials may be assigned any values of moduli,

(c) Poisson’s Ratio may be any value other than one,

(d) the mathematics are relatively easy and self-contained, and
(e) the effects of multiple gears must be computed outside of the programme, using superposition:

BISAR

This computer programme uses the layered-elastic theory to solve stresses, strains, and displacemen
pavement systems with one or more uniform circular loads applied vertically on the surface. BISAR i
the additional capability of considering surface loads to be combinations of vertical, normal,
unidirectional horizontal forces. The usual layered-elastic assumptions apply in this programme &
for continuity, Layer interfaces are assumed to be either in full contact or frictionless.

420



Stresses, strains, and displacements, due to each load, are accumulated separately in a cylindrical
coordinate system. In multiple load problems, the cylindrical coordinate system is transformed to
Cartesian. The effects of multiple loads are computed by summing the effects of each individual load.
Specific output parameters must be designated in the programme for locations and components.

Inputs for the layers include the modulus of elasticity, Poisson’s Ratio, thickness, and boundary
conditions (rough or frictionless). Particular care should be used in selecting the desired parameters for
output. These must be consistent with the coordinate system established by the programmer.

Some of the characteristics of BISAR include:

(a) a maximum of 10 layers may be used,

(b) up to 99 systems may be evaluated in one run,

() up to 99 points within a system may be specified for evaluation,

) no negative data may be used as input except for horizontal distances, and
(e) there are no provisions for non-linear behaviour in the materials.
PSAD2A

This program is a multi-layered elastic system which may be used to determine stresses and strains while
allowing material moduli to vary with stress levels. It also automatically computes stresses and strains
caused by dual wheel configurations. The major advantage of PSAD2A is the estimation of the sub-grade
modulus from the modulus-deviator stress relationship which is used as input. This relationship may be
described by the equation (see Figures 18.1 and 18.2):

k?
M, = Ko,
where,
Mg = resilient modulus (psi) of sub-grade
0, = deviator stress (psi), see Figure 18.3, and
K,, k, = material constants.

Base or sub-base course stress sensitive materials are characterized by modulus-bulk stress relationships
as defined (see Figure 18.2).

where,
M, = resilient modulus (psi),
S = bulk stress (psi), see Figure 18.3, and
K, k, = regression constants. :
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For non-stress dependent materials, a horizontal relationship is used as input. Another advantage g
PSAD2A is that overburden pressures (stresses) may be incorporated into the solution by superimpo
load-induced and overburden stress.

The iterative process of this programme compares the stress state in the material with the initial]y
assumed modulus. This is repeated until the stress state and modulus value are reconciled to speci
accuracy limits. It should be noted that the first set of stresses, displacements, and strains in the ou
are for a single load. The following output pages list stresses and strains due to dual loads.

Particular characteristics of this programme have been identified as follows:

(a) five layers must be used in the analysis,

(b) output values may be obtained for 48 to 121 points in the pavement,
(©) no negative data may be used as input,

(d) Poisson’s Ratio may be any value except one, and

(e) three to 20 modulus-deviator stress points may be used as input.

BISDEF

As mentioned earlier, this programme provides a means for predicting the moduli of up to four la)
from non-destructive deflection data. It does this by iteratively matching deflection values with mate
properties using the BISAR layered-elastic programme. There may be a maximum of four deflectio
measurements and one load used for input. Deflection points are defined in terms of x and y coordina
as well as depth. The load is defined in terms of its centre x and y coordinates, vertical stress, and r

A certain amount of judgment must be used when considering input values for initial material properti
Since the programme iteratively matches deflection values with layer moduli, a tolerance must
specified for stopping the programme. Ten per cent is recommended for this value. Also, a maximu
number of iterations (usually three) must be specified to stop the programme to prevent the use 0
excessive amount of computer time.

A minimum and maximum allowable modulus must be specified for each material of unknown modulus:
Boundary conditions must be set as either rough or frictionless. An initial estimate of the modu[
Poisson’s Ratio, and the thickness of all layers except the sub-grade must be input to the progra
The closer the initial modulus estimate is to the actual value, the faster the programme will close and tf
less costly the run. Bush (1980) recommends that the modulus of asphalt concrete be determined by
estimating the temperature at mid-depth. Furthermore, he suggests a range between 600,000

1,500,000 psi as a modulus range for cement-stabilized materials.

BISDEF uses a free-format input. If the programme has not closed within the specified tolerance in the
allotted number of iterations, the programme will notify the user. If this happens, the user is advised
adjust the modulus input values and rerun the programme.
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Source: University of Washington 1986

Fig. 18.1 Modulus-deviator stress relationship Fig. 18.2  Modulus-bulk stress relationship
for fine-grained materials for coarse-grained materials
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Figure 18.3 Principal stresses due to axle load
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18.5 EXAMPLE OF NEW PAVEMENT DESIGN BY DIFFERENT METHODS
(Using Figures 18.4 to 18.24 and Tables 18.2 to 18.13a)

For, Traffic = 2x106 ESA
Sub-grade CBR = 7%

18.5.1 Corps of Engineers CBR Method

From Figure 18.4,

total thickness = 16"
therefore use AC = 3"
Base = i A
Sub-base = 6"

18.5.2 TRRL Road Note 31

From Figure 18.5,
Bituminous Premix
Base
Sub-base

150 mm
150mm
158mm

i
oy N

18.5.3 TRRL Road Note 29

From Table 18.3 and Figure 18.10,
Wearing Course
Base Course
Base (untreated and wet mix)
Sub-base

1" of DBM

2.4" of DBM

6.8"

6" (minimum thickness from Figure 18.6)

Figures 18.7 to 18.9 are design charts for different surfacing and bases.

18.5.4 Structural Number (SN) = AASHTO, 1985, Method

Figure 18.11 illustrates the procedure for determining thicknesses

(i) Full depth AC,

a) assume, E_ = 500,000 psi, (E,. = 500,00 psi at 82°F from Fig. 18.13)
reliability = 85%
standard deviation = (.45, and
serviceability loss = 3.00.
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from Figure 18.12,

SN, 3.5

1l

therefore, D, = SN,/a, = 3.5/0.46 = 7.6". (a, = 0.46 from Fig. 18.14)

b) assume for emulsified AC Type I of Asphalt Institute,

E.; = 2,000,000 psi,
a, = 0.29, and
D, = SN,/a, = 3.5/0.29 = 12",

Assume for 4 layers,

E. = 500,000 psi,
E,.,. for CBR 70, from Figure 18.15 = 28000 psi,
Esubsese for CBR 20, from Figure 18.16 = 127000 psi, and
Eqpgnee for CBR 7, (E = 1500 x CBR) = 10500 psi.
From Figure 18.12,
SN, =23,
SN, = 3.2, and
SN, =3.5.
From Figure 18.14, a, = 0.46,
from Figure 18.15. a. = 0.13, and
from Figure 18.16, a, = 0.07,
therefore, D, = SN, / a, = 2.3/0.46 = 5",

D, = SN,-SN,/a, =3.2-23/0.13 =692=7

therefore, SN, = 7x0.13 = 0.91,

D:\ = [SN_\'(SNl""'SNE)I,‘a';
= [3.5-(2.3 + 0.9))/0.07 = 4.14 = 4.2"
Adopt, D, = 5"
D, = 7", and
D, = 42" .

Figure 18.17 illustrates the sub-grade modulus relationship for various pressures of sub-grade
strength.
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(iii)  Assume for 4 layers using emulsified AC Type II,

E.. = 200,000 psi,
Eq = 28,000 psi, E,, = 127000 psi, Esgri = 10500 psi,
SN, = 2.3, SN, = 3.2, SN, =135,
a,, from Figure 18.14 = 0.29,
a = (.13, and
a, = 0.07.
B = SNy/a, = 2.3/0.29 =793 = 8"
therefore, SN, = 8 x 0.29 = 2.32.
D, = (SN,-SN,)/a, = (3.2-2.32)/0.13 = 0.88/0.13 = 6.77=7"

therefore, SN, = 7 x 0.13 - 0.91
therefore, D, = {SN, - (SN, + SNy)}/a, = 4.14 = 42"

therefore,
D, = 8",
D, = 7", and
D, = 42",

Table 18.4 gives values of coefficient m to account for drainage conditions in pavement layers.
equations in Figure 18.11 account for drainage in base by using the factor m, and in the sub-ba
using factor m,. Tables 18.5 to 18.7 give suggested reliability levels, minimum thickness of pave
layers, and analysis period for different traffic levels.

18.5.5 Asphalt Institute Method
MR = 1500 CBR = 1500x 7 = 10500 psi

i) From Figure 18.18,
full depth AC = 9.63" .

ii) From Figure 18.19, full depth Type II emulsified AC = 11,81"
(emulsified asphalt mix made with semi-processed
crusher, pit run, or bank aggregates).

iii) From Figure 18.20,
AC = 210 mm = 8.3", and
base (untreated) agg = 150mm = 6"
(ASTM D 2940).
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iii) From Figure 18.20,
AC = 210 mm = 8.3", and
base (untreated) agg = 150mm = 6"
(ASTM D 2940).

18.5.6 TRRL Laboratory Report 1132

From Figure 18.21,

HRA = 115mm = 4.5" for sub-grade CBR of 5%,
base = 222mm = 8.75", and
sub-base = 225mm = 9" .

18.5.7 Mechanistic - Empirical Design Using CHEVPC Computer Programme

In this method, the load capacity of the pavement is determined by fatigue and rutting criteria. The Finn
et al. (1977) model for 10 per cent and 45 per cent cracking for fatigue and for 0.75 in deformation of
sub-grade has been used in this example. The relationship is given by:

log N, 10% = 15.947 - 3.291 log ¢/10° - 0.854 log MR/10°,
log Ny < 45% = 15.986 - 3.291 log ¢/10° - 0.854 log MR/10?,
N, = 1.077 x 1018 (1/106 x evs)4.4843,
N; = load in ESA to failure by fatigue of surface layer,
N, = load in ESA to failure by rutting of sub-grade,
e, = tensile strain at the bottom of AC,
€, = vertical compressive strain at top of sub-grade, and

MR = resilient modulus of AC.

The strains are calculated by using CHEVPC. The stress sensitivity of untreated aggregates is not
accounted for here. Figure 18.22 and Table 18.8 give examples of calculation of stresses and strains using
CHEVPC. The thickness for the desired load (traffic) is calculated by iterative process for trial runs for
different layers. Table 18.2 compares load to failure for different combinations of thickness and materials.

18.5.8 R-value Method

Figure 18.23 is a design chart for design by the R-value method. Figure 18.24 and Tables 18.9 and
18.10 are examples of design guide for treated and untreated bases.
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Table 18.2 Comparison of new pavement design by different methods

Thickness of Layers
No. Properties of CBR Method Mechanistic-Empirical
of material in Based Methods
layers  psi e
U.S. Corps TRRL TRRL SN Asphalt TRRL
of Engrs RN 29 RN 3] Method Institute LR 1132
2. E.. = 5000,000 -——— e AC =986 AC=096 —
E,, = 10,000
2 E,. = 200,000 -—— e AC =12 AC = 11.8 rem—n
E, = 10,500
4 E,. = 5000,000 AC = 3" DMB =3.5 "Premix=2" AC =5" AC =83" DBM =4.5
E, = 28,000 Base = 7" Base= 7" Base =6" Base =6"  Base=6" Base =8.8"
E, = 12,700 Sbase= 6" Sbase= 6" Sbase =6" Base =7" Sbase=9"
E, = 10,500 Sbase=4.2"

The design values from TRRL Lr 1132 are based on 5 per cent sub-grade CBR and may be lower for 7 per cent sub-grade
The AASHTO Mcthod uses the actual material propertics as against standard materials adopted in other methods. The CH
Method indicated that fatigue life is a problem with thinner surfacing or in pavements with untreated bases.

Thickness from variable methods may be converted to a desired combination of this surfacing and thicker based and sub
by adopting equivalency factors, 1" AC =3.0 of untreated crushed stone base, and 1 untreated crushed stone base = 2 unt

noted that the fatigue life of thin surfacing over untreated base will be lower than the design life of base and sub-base
and periodic (every 5 years) renewal of the thin surfacing is essential.

DESIGN OF FLEXIBLE HIGHWAY PAVEMERTS

(o] L LA O G TR L BB AL T rrrrm AR AL LA LL)
p———— 50 CBR F
S —-__E_______ 40—
e i 30 —
-~ 10 Q%QER E"‘“}Eéjh—
‘% " ‘%QMH% 12
: 20 \Es%%ﬁh@\\\
g 3! \\ \\\b\w\xs
4 e
L \k \_; \
L 4
35 T N W T | IR AT ] N Jd 1 Lulll\ull L L il
103 104 103 108 107 10® 10*

Source: Yoder and Witeczak 1975 18,000 LB Single - axle duol - wheel load operations

Figure 18.4 CBR design curves for 18,000 E.A.L.
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Surfacing dressing
_\ Either
50mm(2in) of bituminous
surfacing and
150 mm (6in) of base
or
150 mm. (6 in) of base 200mm.(8in) of base
with surface
dressing
0 ] o)
Minimum thickness of sub-base of 100mm(4in) to be used with
subgrades of CBR 8 to 24 per cent. Material used in this zone to
have CBR of not less than 25 per cent
100 I | 4
-\- e |
- Subgrade CBR 7% \\9@6, con -
150 Sub rq T = = T 75 6
E 9rade cgp 6% \Subgrqde - ~le
= 200 Sub . i \!‘\\BRGO, 8
b 9drade Cgp 50 ~T Swp \T\\"
3 — - e o
5 .50 2t Sub i [~58 5o b
° 9drade CBR 40 =50 ()
o ———] CB
s 300 Sub M 2% =
S ST % 3
2 350 —R3% Ty, |2
Wy L e ]
8 \\\ \Csﬁéo/
2 P— [E <<
2 400 - — 16
- Supb
9ra N~
2 \de CBR 29 ~ S
2 450 = 2o <"%9r00 18
@ e
c i 8
L= \ - /Q
£ 900 20
o
550 22
0.05 oA 0.2 0.3 04 05 0.75 1O 1.5 20 25

Cumulative number of standard axles in one direction (x 108)
Source: TRRL Road Note 31, 1971

If desired to provide at the time of construction a pavement capable of carrying more than 0.5 million standard axles, the
designer may choose either a 150 mm (6m) base with a 50 mm (2 in) bituminous surfacing or a 200 mm (8 in) base with a
double surface dressing. For both of these alternatives, the recommended sub-base thickness is indicated by the broken line.

Alternatively, a base 150 mm (6 in) thick with a double surface dressing may be laid initially and the thickness increased when
0.5 million standard axles have been carried. The extra thickness may consist of SO mm (2 in) of bituminous surfacing or at
least 75 mm (3 in) of crushed stone with a double surface dressing. The largest aggregate size in the crushed stone must not
exceed 19 mm (3/4 in) and the old surface must be prepared by scarifying to a depth of 50 mm (2 in). For this stage of the
construction procedure, the recommended thickness of sub-base is indicated by the solid line.

Fig. 18.5 Pavement design chart for flexible pavements
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Table 18.3 Recommended bituminous surfacings for newly constructed flexible pavements

i aalea)

0.5-2.5 million
3)

Less than 0.5 million
(d)

Traffie msnber of
Over |1 million 25-11 million
(1}] 2)

Wearing course (crushed rock, or slag, course sggregale only)
Minimum thiciness 40 mm  Rolled asphali 10 BS 594
Rolled aaphalt to BS 594 (pitch bitumen) may be used (clause 90T)
Base course Base course
Minimum thiciness Rolled asphalt 10 BS $94 (Clause
60 mm 902) (sec Note 2)
Dense binumen Derse bitumen macedam or

dam or dense il hed rock or sluy only) dense tarmacadam (Clause 903 10
(Clause 903 or 901) 904) (see Note 3)

Wearing course

Minimum thickness 20 mm
Minimum thickness
{pilch-biturmen binder may be
used) (Clause 907)

Densc tar surfacing 1o BTIA
Specification (Clause 909)

Could ssphalt 1o BS 1690
(Clause 910} (sce Noe 4)

BS BO2 (Clause 913) 1o be
surfsce-dressed Immediately or as
soon as poasible - sec Nowe 4)

Dense bitumen macadam to BS
1621 (Clause 908) (sec Note 4)

Oper 4 b 4
w0 BS 1621 (Clause N} (see
Nowe 4)

Base course
Rolled asphalt 10 BS 594 (Clause
902) (sce Nowe 2)

Dense bitumen macedam per
dense tarmacadam (Clause 903 or
04}

Single course tarmacedam to BS
BO2 (Clause 906) or BS 1241 (sec
notes 2 and §)

Single course \wrmacadam 10 BS
802 (Clause 906) or BS [124] (see
Notes 2 and 5)

Two course
a)  Wearing omurse -

20 mm cold maphalt 1o BS 1690
(Clause 910) (scc Note 4), coated
macadam 10 BS 802 BS 1621, BS
1241 or BS 2040 (Clause 913, 912
or 908) (see Notes 2 and 4)

b)  Base course, coaled mucadam
1o BS 802, BS 1621, BS
1241, or BS 2040 (Clause
906 or 905) (scc Nowe 2)

Single course rolled asphall 10 BS
594 (pitch-bitamen binder may be
used)

Dense lar surfacing 1o BTIA
specification (Clause 908) (sce
Nowe 4)

Medi R bl
BS 802 (Clause 913) (1o be
surface-dressed immediately or as
soon as possible - sec Note 4)

Dense bitumen macadam to BS
1621 (Clause 908) (see Note 4)

60 mm of single coarse
wrmacadam 1o BS 802 (Clause
906} or BS 1241 (1o be surface-
dressed imemedistely or as soon as
possible - see Note 4)

60 mm of single, coame bilumen
macadam to BS 1621 (Clause 905)
or BS 2040 (sec Note 4)

Source: TRRL Road Note 29 (Note 1), 1970

1. The thickness of all layers of bituminous surfacing should be consistent with appropriate British Specification.

2. When gravel other than limestone is used, 2 per cent of Portland should be added to the mix and the percentage of fine

aggregate reduced accordingly.

3. Gravel tarmacadam is nol recommended as base course for roads designed to carry more than 2.5 million standard axles.

4. When the wearing course is neither rolled asphalt nor dense tar surfacing, and where it is not intended to apply a surface
dressing immediately to the wearing course, it is essential to seal the construction against the ingress of water by applying

a surface dressing either to the road base or to the base course.

5. Under a wearing course of rolled asphalt or dense tar surfacing, the base course should consist of rolled asphalt to BS 594

(Clause 902) or of dense coated macadam(Clause 903 or 904),
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.

Road bed soil

D* = SNga,
SN*, =a, D* = SN,
L SN, - SN*,

a, m,

D.Z

SN*, + SN*, > SN,
SN, - (Sn*, + SN*))

D L
’ a, m,
Source: AASHTO 1985
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,
Fig. 18.11 Procedure for determining thickness of layers using a layered analysis

approach

436



indur yora Joj SInjeA uedw Juisn uo paseq sjuAWIARd I[GIXAY) J0J IRy uddQ TI'8] T

05z NS : ounios §861 2pnD uSisa@ OLHSVY :20nog

6'l= ISd
15d 000G = ¥W
SE0= 9%
NS “equnu |ounjoniis ubisaqg Yo G6= M
J -8l
3 v §.% 4.5.¢ e 05
og/foz ajdwox3 :
\\_\n._ ol
Q F o1 0L
W/
\\\\ sy ima E
4 4 F—y g
JAAA Hin - :
72804 153 3 v
\\ V4 q=z za E
A A = &2 L
423 o= L
e 2358 32 <
it o
0z4 =z a g
= g g3
or— - = w»
= - o
] -1
= £€c
28
=)
- |
©w

) IS4V .42 j:.nuwu::mm cm._mun_
W
ers| *NS .
veor T Ov0 )
L08 - "W “BorxzeT + — + 020 - (1 + NS)"801 %9676 + s x"Z = 81°50|
S1TY gy
ISd V

‘SHATOS HdVIOOWON

437



1 sse[) (uonejaodsueay, jo Juaunaedaq sour)) LOA] [B1dA) J0) suonepa sanmedun)-snnpow 3)J0u0d Jjeydsy ¢1°81 314

9861 uone) pue uosduwoy] :321n0§

4o 3UNLVEIdWIL 3FL1IYONOD LIVHASY

[o]o]! 06 08 oL 09 (o] ot og
| T ] T | T T (o]}

/ ooz

o0g

NN
B /l/ i 00%

N
— /// \lowloq IQOW
2

/ IOON
AN Hoos

ISM ‘SAMIQOW 3L34ONOD LIVHASY

£ Y ]
02 ql\ IO/ 006
/ 0001
Z:.02-90V
- I :0L-2V ~
(90l X S3S10d) ALISOISIA
ZH O} — ADN3NOD3IH4 / -

9%, G -002 # ONISSVd ] 0002

%2 - LN3LNOD GIOA
L % S — LN3LNOD OV

438

| i 1 1 1 l 1 000¢




Structural layer coefficient, a;, for

Asphalt concrete surface course

0.5

0.4

0.3

0.2

0.1

0.0

400,000

Source : AASHTO 1985

Fig. 18.14

Elastic

200,000

modulus ,

300,000

Eac (psi), of

Asphalt concrete (at 68 °F)

400,000

500,000

Chart for estimating structural layer coefficient of dense-graded asphalt
concrete based on the elastic (resilient) modulus
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Fig. 18.15 Variation in granular base layer coefficient (a,) with various base strength

parameters
(1) Scale derived by averaging correlations obtained from Illinois.
(2) Scale derived by averaging correlations obtained from California, New Mexico, and Wyoming.
(3) Scale derived by averaging correlations obtained from Texas.

(4) Scale derived on National Cooperative Highway Research Programme (NCHRP) project (3)
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Fig. 18.16 Variation in granular sub-base layer coefficient (a,) with various sub-base
strength parameters

(1) Scale derived by averaging correlations obtained from Illinois.

(2) Scale derived by averaging eorrelations obtained from The Asphalt Institute, California, New Mexico, and Wyoming,
(3) Scale derived by averaging correlations obtained from Texas.

(4)  Scale derived by the NCHRP project (3)
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Table 18.4 Recommended my; values for modifying structural layer coefficient of
untreated base and sub-base materials in flexible pavements

Per cent of Time Pavement Structure is Exposed to
Moisture Levels Approaching Saturation

Quality of Drainage

Less Than 1-5% 5-25 %  Greater Than
1% 25%
Excellent 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
Fair 1.25 - 1.15 1.15-1.05 1.00 - 0.80 0.80
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

Source : AASHTO 1985

Table 18.5 Suggested levels of reliability for various functional classifications

Functional Classification Recommended Level of Reliability

Urban Rural
Interstate and other freeways 85-99.9 80 - 99.9
Principle arterials 80 - 99 75 -95
Collectors 80 - 95 75-95
Local 50 - 80 50 - 80

Source: AASHTO 1985

Note: Results based on a survey of the AASHTO Pavement Design Task Force
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Table 18.6 Minimum thickness (inches)

Traffic, ESAL'S Asphalt Concrete Aggregate Base
less than 50,000 1.0 (or surface treatment) 4
50,001 - 150,000 2.0 4
150,001 - 500,000 2.5 4
500,001 - 2,000,000 3.0 6
2,000,001 - 7,000,000 35 6
greater than 7,000,000 4.0 6

Source : AASHTO 1985

Table 18.7 Analysis periods for pavement design

Highway Conditions Analysis Period (years)
High volume, urban 30 - 50
High volume, rural 20-50
Low volume, paved 15-25
Low volume, aggregate surface 10-20

Table 18.8 Design of pavement by mechanistic - empirical method using
CHEVPC computer programme

Eac Thickness € €. Fatigue Life Rutting Life
of Layers Finn model Finn Model
A.C. '
psi inches 10% 45%
crack crack
Nf Nf Nr
500000 8.50 157.36 343.6 2.58E+6 2.83E+6 4 57E+6
500000 7.50 187.80 405.80 1.45E+6 159E+6 2.17E+6
200000 11 1.87 439.40 2.15E+6 2.35E+6 1.52E+6
200000 12 184.70 389.08 3.33E+6 3.65E+6 2.62E+6
500000 5,7,10 326.60 276.80 2.34E+6 2.56E+5 1.20E+6
500000 5,10,10 226.89 274.50 7.76E +5 B.49E+5 L E+T
500000 5,15 221.40 315.04 8 40E+5 9.19E+5 4. 1SE+6
500000 5,15,10 219.40 208.56 B.65E+5 9.46E+6 4.29E+7
200000 8,7,10 237.70 271.80 1.45E+6 1.59E+6 1.31E+7
200000 8,10,10 228.70 230.10 1.65E+6 1.81E+6 2.76E+7
200000 8,15 222.80 292.58 1.80E+6 1.97E+6 9.39E+6
200000 8,15,10 220.78 177.50 1.85E+6 2.03E+6 8.83E+7

Failure Critena:

Finn,

Fatigue:

< 10% log Nf = 15.947 - 3.291 x log ¢/10° - 854 x logMR/1000
< 45% log Nf = 15.986 - 3.291 x log /10 - 854 x logMR/1000
Rutting:

Nr = 1.07x10%x(1/)*
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THE PROBLEM PARAMETERS ARE

TOTAL LOAD: 4500.00 LBS
LOAD RADIUS: 4.37

18,000 Ibs.

18 Kip single axie

lood under each wheel

E‘%O—O- 24500 Ibs

4500 Ibs

} |
| A > AC Layer 1
1
P Base Layer 2
J
|
Subbose Layer 3
lm |
1
Evs Subgrode Layer 4

TIRE PRESSURE: 75.00 Psl

LAYER 1 HAS MODULUS 5,00000 POISSON'S RATIO 0.350 AND THICKNESS §.50 IN.
LAYER 2 HAS MODULUS 10500 POISSON'S RATIO 0.450 AND 15 SEMI-INFINITE
Location STRESSES DEF- STRAINS ANGLE
Psl LECTION MICRO INCHES/INCH DEG
INCHES
R z VERTI- TANGEN- RADIAL SHEAR VERTI- VERTI- TANGF.N‘ RADIAL SHEAR MAX. WITH P.
CAL TIAL CAL CAL -TIAL IN PRIN, AXIS
MICRO IN
RAD, TENS-
ILE DIP
0.00 -8.50 »3.2648 71,7945 71,7545 0.0000 0.007T85S -107.04 P5.62 95.62 0.00 95.62 TR
Q.00 8.50 -3,2648 0.B458 -0.8458 0.0000 0.007855 -238.44 95.62 95.62 0.00 95.62 TR
5.50 -850 -2.6379 53.454) 42,5668 05544 0.007474 nn 7868 50.36 2.9 78,68 T DIP
350 8.5 -2,6079 08240 -1.0291 40,5544 0.007474 -i71.81 T8.68 50.36 -153.13 T8.68 T Dip
1100 -8.50 4.7 30,2756 14.1699 05118 0.006699 -34.67 51.88 839 -2.76 51.88 T DIR
11.00 8.50 -1.7787 <0.7226 -1.0375 0.5118 0.006699 -98.97 51.88 8.39 141 36 51.98 T DIR
Nete: Maximum strain undes dual wheel boad
= [strain at B due to load under cach wheel],
or [strain at A due 10 load at A and CJ,
whichever is grealer.
Example,
o= 9562 + 518 = |47.42, or 2x TB.6B = |57.36
therelore adopt, o = 157.36
Figure 18.22 Example of stress, strain calculations using CHEVPC
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EQUIVALENT GRAVEL DEPTH IN FT.

STABILOMETER AND VALUE
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Source: University of Washington 1986
Fig. 18.23 Structural design chart for flexible pavement

TRAFFIC INDEX, TI1 = 6.7 (EWL/10%, EWL = cquivalent 5000 Ib wheel load in one direction

EXAMPLE:

given an R Value of 25 and a traffic index of 6.0, cover thickness requirements can be determined as follows: an equivalent
gravel depth of 1.65" (round to 1.7) at point A. A modified surfacing depth of 1.05 [ at point B for a pavement of 0.35 ft ACP.
+ 0.50 ft CTB, or 0.35 l ACP + 0.35 [t ACB. A modificd surfacing depth of 1.43 [t (round to 1.45) for pavement of 0.35
ft ACP.

AC,D = 0.35

Untreated Base,

D=145-035=1.101#
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Table 18.9 Minimum pavement designs

MAIN ROADWAYS

TRAFFIC INDEX PAVEMENT TREATED BASE
CTB ACB
7.0 or more 0.35 Ft. ACP 0.65 Ft. 0.45 Ft.
6.5t06.9 0.35 Ft. ACP 0.50 Ft. 0.35 Ft.
6.4 or less 0.25 Ft. 0.50 Ft. 0.35 Ft.
RAMPS
TRAFFIC INDEX PAVEMENT TREATED BASE
7.0 or more 0.25 Ft. ACP 0.60 Ft. PCC
6.51t06.9 0.35 Ft. ACP 0.35 Ft. ACP
0.25 Ft. ACP 0.50 Ft. PCC
5.7to 6.4 0.25 Ft. ACP 0.50 CTB or 0.35 Ft. ACB
5.0t0 5.6 0.30 Ft. ACP Untreated
4.9 or less 0.15 Ft. ACP Untreated
In arid-areas BST may be used
REST AREAS
DESIGNATED AREA PAVEMENT TOP COURSE
RAMPS, ACCESS ROADS, 0.35 Ft. ACP
AND TRUCK PARKING 0.30 Ft. crushed surfacing
CAR PARKING 0.25 Ft. ACP

Source: University of Washington 1986
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Table 18.10 Minimum depths of crushed surfacing for flexible pavements

—— e e e ==

UNDER BITUMINOUS PAVEMENT AND TREATED BASES

TYPE OF PAVEMENT | MINIMUM CRUSHED SURFACING DEPTH WHERE BASE IS:
R TREATED BASE
“ ) GRAVEL BASE CLASS A OR GRAVEL BASE CLASS B
BALLAST OR SUB-GRADE
HIGH (a) (e) 0.20 ft 0.30 ft
INTERMEDIATE 0.20 ft 0.30 ft
LOW 0.25 ft 0.35 ft
ACB 0.15 ft (or 0.20 ft) (b) 0.20 ft (or 0.25 ft) (b)
CTB None (c¢) 0.05 ft (d)
NOTES:
a) Applies when exceptions are allowed in arid areas and treated base is not required.
b) Use where traffic index is equal to or greater than 7.0,
c) Requires only sufficient fine material for keying and levelling, May be crushed or
screened. Usually CTB aggregate.
d) 0.10 ft minimum depth of crushed CTB aggregate may be used instead.
e) Includes Portland Cement Concrete pavement.
ON SHOULDERS
TYPE OF SHOULDER | MINIMUM CRUSHED SURFACING DEPTH WHERE BASE IS:
TREATMENT
GRAVEL BASE CLASS A OR GRAVEL BASE CLASS B
BALLAST OR SUB-GRADE
0.15 Ft ACP BST 0.15 ft 0.20 ft
0.20 ft 0.25 ft

On ramps, frontage roads, and other miscellaneous lines these values may be reduced 0.05 ft

Intermediate

Pavement types shown are divided into the following categories.

High Asphalt concrete pavement 0.25 ft minimum on treated base.

Asphalt concrete pavement on untreated base.

Low Bituminous surface treatment.

Exceptions are permitted in arid areas.

Source : University of Washington 1986
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Table 18.11 Flexible pavement design catalogue for low-volume roads

Tables 18.10 and 18.11 present a catalogue of flexible pavement SN-values (structural numbers)
that may be used for the design of low-volume roads when the more detailed design approach is
not possible. Table 18.10 is based on the 50 per cent reliability level and Table 18.11 is based on
the 75 per cent level, The range of SN shown for each condition is based on a specific range of
18 kip ESAL applications at each traffic level :

High 700,000 to 1,000,000
Medium : 400,000 to 600,000
Low . 50,000 to 30,000

Once a design structural number is selected, it is up to the user to identify an appropriate
combination of flexible pavement thickness which will provide the desired load-carrying capacity.
This may be accomplished using the criteria for layer coefficients (a,-values) presented in Figure
18.15 and the general equation for structural numbers :

SN = aD, + a,D, + aD,

a,aa, = layer coefficient for surface, base, and sub-base course materials, respectively,
and
D,,D,,D, = thickness (in inches) of surface, base, and sub-base course, respectively.

Source: AASHTO 1985
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Thickness of untreated base material (Ft.)
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A.T.B. DESIGN CHART
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Source: University of Washington
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Table 18.12 Flexible pavement design catalogue for low-volume roads: recommended ranges of
structural number (SN) for six U.S, climate regions, three levels of axle load traffic,
and five levels of roadbed soil quality: inherent reliability 50%

Relative Traffic

Quality of Level ,

Roadbed U.S. Climatic Region

Soil

I I 111 v \% VI

Very Good | High 2325 | 2527 | 2.830 | 2.1-23 2.4-2.6 2.8-3.0
Medium 2.1-2.3 2325 | 2527 1.9-2.1 2224 2.5-2.7
Low 1.5-2.0 1.7-2.2 1.9-2.4 1.4-1.8 1.6-2.1 1.9-2.4

Good High 2.6-2.8 2.8-3.0 | 3.03.2 | 2.52.7 2.7-2.9 3.0-3.2
Medium 2.4-2.6 2628 | 2830 | 2.2-2.4 2.5-2.7 2.7-2.9
Low 1.7-2.3 1924 | 2.0-2.7 1.6-2.1 1.82.4 2.0-2.6

Fair High 2.9-3.1 3.0-3.2 | 3.1-3.3 | 2830 2.9-3.1 3.1-33
Medium 2.6-2.8 2.8-3.0 | 2.9-3.1 | 2.52.7 2.6-2.8 2.8-3.0
Low 2.0-2.6 2.02.6 | 2.1-2.8 1.9-2.4 1.9-2.5 2.1-2.7

Poor High 32-34 3335 | 3436 | 3.1-33 3234 3.4-3.6
Medium 3.0-32 3032 | 3.1-3.4 | 2.83.0 2.9-3.2 3.1-3.3
Low 2228 2229 | 2330 | 2.1-27 2.2-2.8 2.3-3.0

Very Poor High 3.5-3.7 3.5-3.7 | 3.5-3.7 | 3335 3.4-3.6 3.5-3.7
Medium 3.2-3.4 3335 | 3.335 | 3.1-33 3.1-3.3 3.2-3.4
Low 2.4-3.1 2.4-3.1 | 2431 | 2330 2.3-3.0 2.4-3.1

Source: AASHTO 1985

! Recommended range of structural number (SN).
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Table 18.13 Flexible pavement design catalogue for low-volume roads: recommended ranges
of structural number (SN) for six U.S. climate regions, three levels of axle load
traffic and five levels of roadbed soil quality: inherent reliability, 75%

Relative Traffic

Quality of Level

Roadbed U.S. Climatic Region

Soil

[
I Il 11 IV \' VI

Very Good | High 2.6-2.7" | 2.8-2.9 2.8-3.0 2.1-2.3 2.42.6 2.8-3.0
Medium | 2.3-2.5 2.5-2.7 2.52.7 1.9-2.1 2224 2.52.7
Low 1.6-2.1 1.82.3 1.9-2.4 1.4-1.8 1.6-2.1 1.9-2.4

Good High 2.9-3.0 3.0-3.2 3.03.2 2.5-2.7 2.72.9 3.03.2
Medium | 2.6-2.8 2.7-3.0 2.8-3.0 2224 2.52.7 2.7-2.9
Low 1.9-2.4 2.0-2.6 2.0-2.7 1.6-2.1 1.8-2.4 2.0-2.6

Fair High 3.2-3.3 3.3-34 3.1-33 2.8-3.0 2.9-3.1 3.13.3
Medium | 2.8-3.1 2.9-3.2 2.93.1 2.52.7 2.6-2.8 2.8-3.0
Low 2.1-2.7 2.2-2.8 2.12.8 1.9-2.4 1.9-2.5 2.1-2.7

Poor High 3.5-3.6 3.6-3.7 3436 3.1-3.3 3234 3.4-3.6
Medium 3.1-3.4 3.2-3.5 3.1-34 2.8-3.0 2.9-3.2 3.1-3.3
Low 2.4-3.0 2430 | 233.0 2.12.7 2.2-2.8 2.3-3.0

Very Poor High 3.83.9 3.8-4.0 3.5-3.7 3.3-3.5 3.43.6 3.53.7
Medium | 3.4-3.7 3.3-3.5 3.3-35 3.1-33 3.133 3.2-3.4
Low 2.6-3.2 2.4-3.1 2.43.1 2.33.0 2.33.0 2.4-3.1

Source: AASHTO 1985

" Recommended range of structural number (SN).

456



REGION CHARACTERISTICS
I Wel, no freeze
II Wet, [reeze - thaw cycling
III Wet, hard-freeze, spring thaw
Inr Dry, no freeze
X Dry, freeze —1naow cycling
s Dry, hard freeze, spring Ihaw

Source: AASHTO 1985

REGION

I

Il
I
v
A%
Vi

Table 18.13(a) The six climatic regions in the United States

Wet,
Wet,
Wet,
Dry,
Dry,
Dry,

CHHARACTERISTICS

no freeze

freeze-thaw cycling
hard-freeze, spring thaw
no freeze

freeze-thaw cycling
hard freeze, spring thaw
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18.6 OVERLAY DESIGN (Based on J.P. Mahoney, 1985)

Pavements constitute about 15-25 per cent of the total cost of hill roads. Once the road is constructed,

most of the works during maintenance are related to the pavement. The maintenance of roads in

developing countries incur annual expenditure as costs for maintenance agencies in the range of 1.5 to
3 per cent of the updated construction costs. In addition there are user costs such as vehicle operation,
time, and accident costs, associated with the road construction.

The general trends in the maintenance of roads in developing countries are limited to i) repair of drains,
potholes, shoulders, retaining walls, and culverts and ii) resealing the surface with sand seal, chip seal,
or single or double bituminous surfacing at intervals of from 4 to 8 years.

Traffic growth, axle load increase, and design life, in terms of total load rather than the number of years,
is seldom analyzed in deciding the periodic maintenance levels. There are instances in which the roads,
that are mostly designed for a lifespan of 10 to 15 years, realize the designed load much earlier rendering

the original pavement structurally inadequate. Under such circumstances, resealing or surface treatment
do not contribute much since they do not enhance the structural capability of the pavement. Overlaying
based on traffic and axle load study, then, is the proper answer to considerably improve the life of the

pavements and cost effectiveness of the investments. Periodic maintenance decisions, after about S years
of service, of any important road, must therefore be based on proper evaluation of pavement conditions
and alternatives.

It must be remembered that pavements on weak sub-grades have a much smaller load capacity to
withstand both fatigue and rutting failures, compared to pavements of a similar thickness but on stronger

sub-grades. Double bituminous surface treatment (DBST) may last 4 to 6 years provided the sub-grade

is strong enough to withstand failure against rutting (deformation of sub-grade) for at least that period.
The purpose of DBST would then be to prevent the weakening of base, sub-base, and sub-grade by
moisture seeping down from the top. Thus, if the existing pavement has 40 years of rutting life,then

DBST could be good enough for periodic maintenance for seven, 5 year cycles of DBST. The purpose

of periodic maintenance in this case would be to save the underlying layers from accelerated weakening.
The seven, 5 year cycles of DBST could be replaced by designing the surface course for a fatigue life
of 40 years at the outset. This, however, is not possible because i) asphalt pavements are subject to aging
of bitumen after 12 to 15 years, ii) the initial investment would be excessively high, and iii) traffic growth
is not predictable. The next choice would be to initially design for 12-15 years of fatigue life and overlay
every 12-15 years.

The important thing is to assess the difference in the maintenance efforts in terms of costs, investment

levels, practicability, and reliability in choosing among 4 to 6 year cycles of DBST, 12-15 year cycle

overlays, or 40 year cycle rigid pavements. In the case of a pavement on weak sub-grades, having a

shorter life in terms of failure from rutting, there is no choice other than overlaying or new construction.
DBST on these pavements will have a much shorter life than the normal 4-6 years for DBST. This section
aims to present an example of practical situations in dealing with periodic maintenance of road pavements
through overlay design by various methods. The example of overlay design presented here is based on
the data and investigations relating to a 30 kilometre section of a highway in Nepal. Traffic and axle load
data (Table 18.14) have been taken from existing studies for similar roads in Nepal. Pavement tests
(Table 18.15) were carried out for a representative test section of 500 metres for each 5 km road length.

The purposes of this example are i) to emphasize the need for a systematic design approach to the design
of overlays, ii) to familiarize the readers with some of the existing design methods, iii) to illustrate the
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need for engineering judgement and experience, along with the use of existing design charts and analysis,
in the final selection of overlay design types and thickness appropriate to specific conditions. This
example serves as a useful guide to the concepts and approaches for those pavement maintenance agencies
where ad hoc decisions or experience-based judgement alone, rather than tests and analyses, are the
practices in deciding pavement rehabilitation designs.

In this section, overlay design examples are presented using some of the several existing methods which
are given below:

o acomponent analysis based on the Asphalt Institute,
o acomponent analysis based on the AASHTO Design Guide, and
o deflection based designs using:
- the Asphalt Institute Design charts,
- the TRRL Design charts,
- the Canadian Good Road Association (CGRA) Design charts, and
- the Mechanistic Design.

18.6.1 Overlaying Design by Component Analysis Based on the Asphalt Institute

This component analysis approach to overlay design involves the development of a total pavement
structure as a new design for the specified service conditions, and then a comparison of the existing
pavement structure (taking into account pavement condition, type, and thickness of pavement layers). A
review of current component design procedures quickly reveals that substantial judgement is required to
use them effectively. This judgement is mainly associated with selection of ‘weighting factors’ to use in
evaluating the structural adequacy of the existing pavement layers.

The Asphalt Institute Method of component analysis (called "effective thickness") uses the relationships
of sub-grade strength, pavement structure, and traffic. The existing structural integrity of pavement is
converted to an equivalent thickness of asphalt concrete which is then compared to that required for a new
design.

The three essential parts of this overlay design procedure will be briefly described and will include:

1. sub-grade analysis,
2. pavement structure thickness analysis, and
3. traffic analysis.

Sub-grade Analysis

Testing of sub-grade materials is encouraged, even if original design records are available. Use of
resilient modulus (M,), soaked CBR or R-value tests appear to be the easiest to use with this procedure.
For actual design, the design strength of the sub-grade must be characterized in terms of resilient
modulus. Associated correlations for CBR and R-value are :

M, (psi) = 1,500 (CBR)
1,155 + 555 (R-value).

I
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If test data in terms of M,, CBR, or R-value are not available, sub-grades can be placed into one of the
three classes for design purposes as given.

1. Poor soils. Soft and plastic when wet, generally composed of silts or clays. Typical properties :
M, = 4,500 psi, CBR = 3, R-value = 6.

2. Medium soils include soils such as loams, silty sands, and sand-gravels that contain moderate
amounts of clay and silt. These soils can be expected to lose only a moderate amount of strength
when wet. Typical properties: M, = 12,000 psi, CBR = 8, R-value = 20.

3. Good soils. These soils can be expected to retain a substantial amount of their strength when wet and
include clean sands and sand-gravels. Typical properties: M, =25,000 psi, CBR=17, R-value=43.

Pavement Structure Thickness Analysis

The goal of this portion of the design method is to determine the "Effective Thickness (Te)" of the
existing pavement structure. The Asphalt Institute has two approaches that can be used, only one will be
illustrated in this section. First, the significant pavement layers are identified and their conditions
determined. Second, "conversion factors" are selected for each layer (judgement by the designer is very
important at this point). Third, the effective thickness for each layer is determined by multiplying the
actual layer thickness by the appropriate conversion factor. The effective thickness of the complete pave-
ment structure is the sum of the individual effective thickness. Typical layer thickness conversion factors
are shown in Table 18.16.

Traffic Analysis

The Asphalt Institute treatment of traffic includes consideration of volume composition and axle weights
with the goal being to develop the equivalent number of 18,000 to equivalent single axle loads (18-
KEAL). Because of the trend of loading trucks heavily in the developing countries, the equivalency of
trucks in terms of 18-KEAL or ESA tend to be much higher than in developed countries. It is, therefore,
suggested that the equivalency factor for traffic load should be established based on axle load surveys of
existing studies relevant to the situation concerned.

Table 18.17 is an example of overlay design based on the Asphalt Institute Component analysis.
Conversion factors from Table 18.16 are used to convert the existing pavement to the effective thickness.
The thickness of designed overlay is obtained for the given load and sub-grade strength from Figure
18.19.

It should be noted that the asphalt concrete to be used in overlays by this method should be the same as

those assumed in the development of design charts which are for U.S. conditions (assuming an asphalt
concrete modulus of 400,000 to 500,000 psi).
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Table 18.14 Tralfic data and ESA calculation

s. Teat AADT Trffc Sowrce Bquiv, Factar ESA OR Cumula- Cumul- Cumula- Romarka
No. Growth 18 uive aive tive
% Por KEAL ESA ESA in RSA x
Year million. 106
one Lane
Buses Trucls Can Total Bus Truck Can
Light AADT Ligha
1 1978 n 213 7 3)‘6 7 .79 2Ne 002 230513 230680 i) 12
2 1979 % 24 5 3 1 739 218 002 242509 471023 47 .24
3 1980 80 240 80 400 7 139 2.8 002 259734 732187 .73 37
4 1981 86 257 83 428 7 739 2.718 002 278221 1010978 1.01 Rl
5 1982 n 275 91 458 7 N9 278 002 297701 1308680 1.31 .63
6 1983 98 294 9% 490 7 739 2.8 002 318174 1626834 1.63 81
7 1984 105 315 108 52 7 739 2.8 .002 340901 1967733 1.97 .98
8 1985 12 337 2 361 7 9 2718 .002 361620 2332374 2.3 117
9 1986 120 360 120 600 7 739 28 002 389601 21978 wn 1.36
10 1987 19 383 128 642 7 139 2ns 002 416836 3138812 31 1.57
i 1988 138 412 137 687 7 39 28 002 446036 3584868 3.58 (s
12 1989 148 4441 147 s 7 .9 ng 002 377280 4062148 4.06 203
13 1990 158 4an 137 787 7 139 28 .002 510690 4372838 4.37 229
14 1991 169 308 168 842 7 79 28 002 346438 3119276 312 2.36
s 1992 181 340 180 901 7 139 28 002 384689 5703965 3.70 2.8
16 1993 194 378 192 964 7 .19 2718 002 623617 6329582 6.33 316
17 1994 207 618 206 1031 7 .19 28 002 669400 6998992 7.00 3.50
18 1995 222 662 220 1103 7 739 2718 o2 716269 7715261 n 386
19 1996 237 708 ns 1180 7 9 2ng 002 766408 8481669 8.48 24
20 1997 254 157 252 1263 7 739 2.7118 002 820036 9301723 9.30 4.65
U 1998 n 810 269 135 7 .19 2.8 002 877460 10179185 10.18 5.09
n 1999 290 867 288 1446 7 .19 2.n8 002 938882 11118068 1.2 3.56
2 2000 n 928 309 1547 7 .9 2ns 002 1001604 12122672 1212 6.06

Source: University of Washington 1986

Note:

1.

Equivalency factors for both the lanes are assumed to be same since deflection results do not show specific trend

and this particular road carries loaded traffic in both directions.
Design traffic:

Case-1 = 10 years (end of 1988 1o end of 1997) = 3.08:10° ESA
Case-2 = § years (end of 1988 to end of 1992) = 1.28:10° ESA

Base ycar traffic = 1986 = 3.14/2 =1.57 x 10 ® ESA (for one lane)
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Table 18.15 Test and design parameter

a) Field CRR values are adopted without any adjustments since:

TEST DATA ADOPTED FOR DESION
TEST KM CcR. AV. 4| avw v Wogt AV AV VT, PVT. SOIL Desiga Dalln, CBR MR,
SECTION DEFLN (In sirw) (s sitw) - = Piald Lab TEMP Tk TYFE x19-3 in 18k i
{13 et = pal SOAKED CBR CBR *F n 13k wde
wals) (Dep) Scalked wde
= = L
=+28D, I I
210" ln
o3 Wall-
Surface .42 2 t] graded .42 14,18 % a
Base 1.3 M7 e 74 Mo 4.0 nn oy 3 15.80
S grade 11348 LR T 5L % s 13 el
with
little
Eines.
610 3.7
St face L] 2 b 9.7 » n
Base 109.7 42 134,33 30 B3 1w 1n.e a2 14.40
Suby grade 1M 638 127.33 [ %] 33 1100
113 Wall
4152 -] 12 prided 4152 FANE) » ]
Base 125.06 454 13938 13 »no .30 (5] nandy E 14.40
Suds. pracie 104.47 1019 12733 10.0 ®.0 s gravel
with
wary
Little
Lines.
1620 wall-
Surfave wn e 2 pramd 1% o 45 130
Base 19.0 4m 136,30 2.6 5.3 v &7 sy o 1270
Subs grude 1083 1088 1343 e s 1330 pravel
with
litils
fines,
u-1 wall
Surface 48 42 2 2 raddect 45 42 6053 n .50
Base 128 149 134,00 6 34 W 79 ndy ] .70
Subs grads 104,64 1084 130.58 &3 190 3% e
with
Lottle
S P S e - |
— —

1. No seasonal factor is considered because the tests were carried out when the sub-grade conditions were welter.

2. The results of soaked CRR are erratic and l0o unreliable to be accepted for design.

3. The material properties and classification do not have a definite trend.

4. Tests are carried out for the worst 500 m length for each 5 km road length, therefore involve conservatism.

5. Deflection under 18,000 pound axle dual wheels should be taken as 1.25 times the deflection under 14,000 pound axle
dual wheels, wherever necessary. This is based on PSADZA computer analysis carried out by the University of
Washington, Seattle, during a study for Washington State Department of Transportation on “Evaluation of Frost Related

Effects on Pavements”, May 1984.
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Table 18.16 Example of Asphalt Institute conversion factors for estimating thickness of
existing pavement components to effective thickness

—

Description of Layer Material Conversion Factor!

———

1. Native sub-grade 0.0
2a. Improved sub-grade - predominantly granular materials

b. Lime modified sub-grade of high PI soils

3a. Granular sub-base or base-CBR not less than 20 0.1-03

b. Cement modified sub-bases and constructed from low PI soils

4a. Cement or lime-fly ash bases with pattern cracking 03-05

b. Emulsified or cutback asphalt surfaces and bases with
extensive cracking, rutting, etc

c. PCC pavement broken into small pieces

Sa. Asphalt concrete surface and base that exhibit extensive cracking 0.5-0.7

6a. Asphalt concrete - generally uncracked 09-10

b. PCC pavement - stable undersealed and generally uncracked pavement

Source: Asphalt Institute 1981

1 . .
Equivalent thickness of new asphalt concrete
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Table 18.17 Overlay design by component analysis method - Asphalt Institute

- Design Traffic = 3.08 x 10 * ESA, = (Case 1 = 1988-1997)
- Design Traffic = 1.28 x 10 ESA, = (Case 2 = 1988-1992)
Description Section I Section 2 Section 3 Section 4 Section §

0-5km 6 - 10 km 11 - 16 km 11 -21 km 22-26 km
Sub-grade, MR,

ksi 15.8 14.4 14.4 12.7 12.7

Total existing

thickness 15.78in. 14.00in. 10.50in, 8.7in. 9.9in.
Effective AC thick. 0.5x2 0.5x2 05x2 05x2 05x2
of existing pavt., + 3x15.78" + 3x14" + 3x10.5" + 3x8.1" + 3x9.9"
in (from Table 18.16) = 5.73 =520 =4.15 = 3.61 =3.97

Total thick. of AC
reqd. for design ESA,
in. (Fig 18.19)

Case - 1 9.30 9.70 9.70 10 10
Case - 2 7.60 8 8 8.20 8.20
Design rla

Reqd. overlay

(dense graded)

thick., in. |
Case - 1 3.75 4.50 5.55 6.39 6.03 |
Case - 2 1.87 2.80 3.85 4.59 4.23

Source: Asphalt Institute Manual Series No. 1, 1981

The above AC may be converted to emulsifical AC and a two layer overlay with a combination of AC and untreated aggregate
by using the following conversions.

1" Ac = 1.43" type Il emulsified AC. 1"AC = 3" gravel.

(Type I emulsified asphalt mixes made with semi-processed all crusher run, pit run, or bank run aggregates.)
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18.6.2 Overlay Design Based on AASHTO Design Guide

This method of design requires the determination of the total thickness of pavement based on traffic,
reliability, drainage factors, serviceability loss, and layer co-efficients. The existing pavement structure
is then deducted from the total thickness required by the new design, with the difference being the
required overlay thickness. One of the significant assumptions in this method is that each layer of the
pavement structure is assigned a layer co-efficient on the basis of experience.

Figure 18.12 illustrates the new design concept and Figures 18.13 to 18.18 and Tables 18.13 and 18.14
are nomographs and design parameters. Table 18.18 is an example of design by this method. It may be
noted that the existing thickness of pavement with bituminous surfacing (about 2") and base course of
untreated aggregates have been converted to the equivalent thickness of 400,000 psi asphalt concrete by
assuming that 1" of existing bituminous surfacing is equivalent to 2" of untreated base course and 3" of
untreated base course is equivalent to 1" of 400,000 psi asphalt concrete. Similarly, the total design
thickness, in terms of 400,000 psi asphalt concrete, is obtained by converting the untreated base to asphalt
concrete by assuming an equivalency of 3:1. Thus the difference of the total equivalent thickness of
existing and new designs gives the thickness of overlay expressed in terms of 400,000 psi asphalt
concrete.

One should be very careful in comparing the results of design by various methods. It must be ensured
that the conditions of materials and assumptions in the designs are similar. For example, the design for
a reliability of 50 per cent would be quite different from the design for a reliability of 80 per cent.
Similarly, the design for an asphalt concrete of stiffness 200,000 psi would give much greater thickness
in comparison to a design for 400,00 psi AC.

18.6.3. Overlay Based on Deflection Criteria

The objective of deflection testing is to measure the structural propérties of the pavement by non-
destructive testing. This is done by imposing a known load on the pavement and measuring its response
(i.e., surface deflection). Thus, an overall or effective strength is measured that combines all influencing
factors such as material properties (including sub-grade), thickness of pavement layers, and environmental
effects. The most commonly used, deflection-based, overlay design procedures do not attempt to isolate
material properties of individual pavement layers.

The dominant type of measurement used for non-destructive, overlay design procedures is surface
deflection (or deflection basins) obtained with known load conditions (i.e., contact pressure, force, and
time-loading). Each of these factors can influence the pavement response to loading. Surface deflection
measurements can be categorized into three types of non-destructive test: static deflections, steady-state
deflections, and impact load response. Some examples of equipment associated with these tests are given
below.

1. Static Deflections :
Benkelman Beam, travelling deflectometer, and plate-bearing test (ASTM D 1196).
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Table 18.18  Overlay design based on AASHTO design guide

Past traffic = 1.575 x 10° ESA
Design Future traffic, Case 1 = 3.08 x 10° ESA

Case 2 = 1.28 x 106 ESA
Assuming three layers including sub-grade,
Structural Number, SN = a; D, + a, D, m; + a; Dy my
n2 = 1.0 for good drainage quality
al = 0.42 assuming average annual pavement temperature of 90 F. (from Fig. 18.15)
El = 400,000 psi at 84 F (Fig. 18.14)
a2 = 0.249 (logEbase) - 0.977.

Description Section-1 Section-2 Section-3 Section-4 Section-5
CBRbase 36 34 33 45 32
Ebase, ksi (Table 18.15)22 21 21 22.50 20.50

a2 .104 .099 .099 107 .097

CBRsgr (Table 18.15) 36 28 28 20 19
Esgr, ksi (Fig 18.17) 15.80 14.40 14.40 12.70 12.70

From Fig. 18,13,
for reliability 50%
std. deviation of 0.45 SNI

Case | 1.9 1.9 1.9 1.8 2.0
Case 2 1.0 1.0 1.0 1.0 1.0
SN2

Case 1 2.4 26 2.6 2.7 27
Case 2 1.5 1.6 1.6 1.7 1.7

Total thickness

D1 = SN1/al = snl/.295 D2 = (SN2-SN1)/a2 0.8 ; m, = 0.8 from Table 18.5 for Fair and > 25 % case.

Description Section-1 Section-2 Section-3 Section-4 Section-§

Case 1

D1, in 4.5 4.5 4.5 4.3 4.8

D2, in 4.8 7.1 71 8.4 7.2

Case 2

D1, in 2.4 2.4 2.4 2.4 2.4

D2, in 4.8 6.1 6.1 6.5 7.2

Existing thickness, D2 in

. In terms of untreated 13.78 +2x2 12+4+2x2 8.5+2x2 6.74+2x2 7.94+2x2
base material = 17.78 =16 =125 = 10.70 =119

(assuming 1" existing
surface = 2" base)

. In terms of new A.C 593 5.33 4.16 3.56 3.96
(assuming 1" AC
400 ksi = 3"base)

Overlay thickness, in

AC 400 ksi;

DE - (D1 + D2/3)

Case 1 0.2 1.5 2:7 3.6 4.7
Case 2 1.0 0.8

Source: AASHTO 1985
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9. Steady-state Deflections :
Dynaflect, Road Rater (several models), Waterways Experiment Station Plate Vibrators, and the
Federal Highway Waterway Association (FHWA) Deflection Van (Cox 1981).

3. Impact Load Response :
Falling Weight Deflectometer.

Figure 18.25 outlines the general approach used in most of the overlay design procedures based on
deflection measurements. The three basic elements of such design procedures are :

1, deflection measurement,
9 pavement conditions, and
3, traffic.

The minimum elements to be encompassed in mechanistic overlay design are given in Figure 18.26.
A widely used deflection-based overlay design procedure is the Asphalt Institute Method. It will be
described to illustrate the approach for asphalt concrete overlays placed on existing flexible pavements.

Asphalt Institute Overlay Design by Deflection Analysis

The basic approach of the overlay design procedure is to identify continuous pavement sections of
uniform performance, obtain ‘static’ pavement, surface deflections with the Benkelman Beam and an
18,0001b single axle, and determine the expected traffic by user-equivalent axle loads.

The Asphalt Institute recommends that a minimum of 20 deflection measurements be taken each mile and
randomly located in the outer wheelpath. From this data for each ‘uniform’ pavement section, a
"representative rebound deflection" (RRD), is determined as follows :

RRD = (x + 2s) (f) (c)

where,
RRD =  representative rebound deflection (in.),
X =  mean of the individual deflections (in.),
S =  standard deviation of the deflections (in.),
f =  temperature adjustment factor, and
c = critical period adjustment factor (where ¢= 1 if deflection tests made during the

most critical period).

This calculation of RRD represents the upper bound of about 97 per cent of all deflections measured. The
temperature adjustment factor used in the equation above adjusts the existing asphalt concrete surfacing
to a standard temperature of 70° F (refer to Fig. 18.27).

The deflection measurements obtained by use of the Benkelman Beam can be used to estimate the
remaining life of the pavement or the needed thickness of asphalt concrete overlay. To determine the
required overlay thickness, Figure 18.28 is used with the RRD and 18 KEAL as the required input.

Table 18.19 presents an example of overlay design by the Asphalt Institute Method.
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Allowable Deflection Criteria based on GGRA, Liste, and Cox 1981

Table 18.20 presents an example of overlay design based on allowable deflection criteria (Fig. 18.29 and
Fig. 18.30) and GGRA design chart (Fig. 18.31).

The Transport and Road Research Laboratory (TRRL) Method

Table 18.21 presents an example of overlay design based on Transport and Road Research Laboratory
Lab. Report No. 833 (1978). Figures 18.32, 18.33, and 18.34 are design charts for standard (allowable)
deflection. This method involves determination of the remaining life of the existing pavement to ascertain
whether overlay is required or not. The design charts for this method are applicable to sub-grade CBR
up to 15 per cent only, However, these charts have been used here just to present an example only.

PAVEMENT MAINTENANCE
CONDITION TRAFFIC HISTORY

DEFLECTION

HOMOGENEQUS
(ANALYSIS )
SECTIONS

|

DESIGN
CSREI?S%ANL DEFLECTION

(OLD PAYMENT)

il

REMAINING LIFE

I

MATERIAL OVERL AY
SELECTION THICKNESS

REDUCED
DEFLECTION

ESTIMATED
TRAFFIC LIFE CYCLE

RELIABILITY

DESIGN SELECTION

Source: University of Washington 1986
Figure 18.25 Overlay design with deflection measurements
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18.6.4 Overlay Désign by Mechanistic Analysis
Mechanistic Analysis

Significant interest has developed in the use of mechanistic overlay design procedures. The term
‘mechanistic’ as defined in most dictionaries (such as Webster’s Seventh New Collegiate) is "mechanically
determined” or “pertaining to the doctrine of mechanism”. In turn, ‘mechanism’ is defined as the
“fundamental physical processes involved in or responsible for an action, reaction, or other natural
phenomenon”. This roughly translates to pavement engineers as determining the fundamental stresses
strains and deflections caused by traffic and/or the environment in pavement structures. Knowledge of
these stresses, strains, or deflections can in turn be used with Jimiting criteria to evaluate not only the
need for an overlay but remaining pavement life as well.

The greatest advantage of mechanistic-based methods is the versatility provided in evaluating different
materials under various environments and pavement conditions. The mechanistic procedures provide a
basis for rationally modelled pavement systems. As these models improve, better correlations can be
expected between design and performance parameters. It is anticipated that these procedures will replace
limiting deflection, overlay methods since the latter do not account for sub-surface material properties.
Mechanistic overlay design should, at a minimum, encompass the elements illustrated in Figure 18.26.
Selected elements shown in this figure will be separately discussed.

Analysis Sections

A reasonable amount of uniformity should exist within a given pavement segment being considered for
overlaying. These actions can be initially identified by use of condition surveys and, finally, deflection
measurements. There exist numerous methods to determine the required number and location of such
measurements. A minimum sample generally consists of deflection measurements every 250 to 500 ft.
After collection of the deflection measurements, statistical measures can be used to delineate between
analysis sections (along with the condition surveys). '

Layer Characteristics

The mechanistic approach to overlay design can encompass both material characterization from the
laboratory and non-destructive test data collected in the field. Total reliance on either laboratory or field
data is generally felt to be inappropriate at the current stage of development. However, recent
developments have provided estimates from field data of in siru moduli of the pavement layers. Il-
lustrations of these approaches include :

1. FHWA - Resource International overlay design procedure,

2. BISDEF - computer programme developed by Bush (1980) at the Waterways Experiment
Station (not an overlay design system),

3. ELMOD - computer programme by Ullidtz (1977), and

4. several other analysis procedures which use deflection basins from the Falling Weight

Deflectometer, Dynaflect, or Road Rater.
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Laboratory testing for mechanistic analysis generally implies the determination of resilient moduli
(essentially a "modulus of elasticity” for pavement materials). Standard test methods such as the American
Society for Testing and Materials (ASTM), D4123 - 82, are used for bituminous mixtures and triaxial
procedures such as those recommended by Kalcheff and Hicks (1973) can be used for unbound granular
materials. Laboratory determined moduli from unbound base, sub-base, and sub-grade materials are
stress-sensitive and as such must be recognized.

The laboratory derived moduli are often adjusted by using layered-elastic analysis to calculate the
resulting maximum deflection or deflection basin for a specified loading condition. In turn, field
deflections are compared to the estimated deflections. If differences exist, the laboratory values are
modified to reasonably match field measurements. More recently, computer programmes such as BISDEF
have been used to estimate layer moduli for up to four pavement layers. Input data for this programme
include the non-destructive test (NDT) load, measured deflection basin, layer thickness and limiting
ranges, and expected values of moduli for each pavement layer. The programme then estimates the
moduli for each layer which results in the best fit of the field deflection basin (within a user-specified
error range).

Limiting Failure Criteria

Pavement sections deteriorate with time because of a progression of defects (because of traffic loads,
environment, and other factors acting on the pavement structure). The pavement reaction to its total
loading condition can be characterized by estimating the induced stress, strain, and deflections. When
these pavement responses reach cumulative limiting value, distress results. The resulting serviceability
loss can occur as a result of the accumulation of a single distress type (often fatigue), rutting, or a
combination of several types.

Fatigue-related distress can be defined as the phenomenon of load-induced cracking caused by repeated
stress or strain level below the ultimate strength of the material. The classical type of fatigue failure is
commonly described as ‘alligator’ cracking, because of the pattern of cracks which appear on the
pavement surface. These cracks appear to be best associated with tensile strains at the bottom of the
asphalt concrete layers. A common expression used to relate the number of loads to fatigue failure as a
function of tensile strain is:

Nf = K1 (I/E)

where,
Nf = load repetitions to failure,
E = initial tensile strain, and
K,K, = fatigue parameters.

The fatigue relationship developed by Majidzadeh and ITlves (1981) for the FHWA-RII Overlay Design
System is used to illustrate ‘typical’ K,, and K, parameters:

Ni = 7.56x 10-" (1/¢)4.68.
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Figure 18.26 Overlay design based on mechanistic analysis
Analogous criteria have been developed for rutting failure, whereby the number of load repetitions to
failure is generally made a function of vertical strain in the sub-grade (in place of tensile strains as for

asphalt concrete fatigue).

In practice, flexible pavements are subjected to a variety of loads. Miner’s rule is used for evaluating
cumulative damage. The rule states that the condition at failure is given by :

where,
n = actual number of cycles of stress or strain applied to the pavement,
N, = allowable number of cycles to failure based on failure criteria (such as fatigue or
rutting), and
r = number of loading conditions considered.
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In this example of mechanistic design, the CHEVPC computer programme has been used. Stress
sensitivity is not considered for sub-grade and base course. The failure criteria for fatigue and rutting as
per Finn's Model (see Section 18.5.7) have been used to calculate the failure loads from the strain
obtained from the CHEVPC programme.

Table 18.22 shows the material properties adjusted by matching the observed defection with the calculated
deflection (by CHEVPC). The considerable variation between the adjusted material properties and test
data might be indicative of the inadequacy of test data. Table 18.23 shows the remaining life of the
existing pavement and Table 18.24 shows the failure loads for different trial thicknesses of the overlay.

The results from this method indicate a much higher overlay thickness compared to other methods. It
should be remembered that the reliability in most other methods is fifty per cent only compared to more
than 50 per cent in this method. The deflection with mean plus two standard deviation, adopted as
measured deflection for matching calculated deflection, further renders the design more conservative. The
poor reliability of test results (obvious from the inconsistencies among material type, CBR field, and CBR
lab [see Table 18.15]), and the uncertainty of the measured thickness of existing pavement, all tend to
render the design more conservative, leading to a great deal of over-calculation in the thickness of the
overlay.

Table 18.19 Overlay design by deflection analysis based on the Asphalt Institute

Case-1, traffic 3.08 x 10° ESA (1988 - 1997)
Case-2, traffic 1.28 x 10° ESA (1988 - 1982)

Description Section-1 Section-11 Section-III Section-1V Section-V

RRD(dc in terms of
1800 Ib. dual wheel
load x 103 in. 14.27 49.70 53.15 45.27 60.52
(from Table 18.15)

Designed thick. of overlay
(from Figure 18.28)

AC Nr = 400 ksi
Case - 1 nil 3.70 4 3.80 5.60
Case - 2 nil 3.10 3.20 2.30 4.50

Source: Asphalt Institute 1983
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Fig. 18.27 Asphalt Institute temperature adjustment factors for Benkelman
Beam deflections
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Fig. 18.28 Asphalt concrete overlay thickness required to reduce pavement
deflection from a measured to a design deflection value
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Table 18.20 Overlay design by allowable deflection criteria

Case - 1, traffic 3.08 x 10° ESA (1988 - 1997)
Case - 2, traffic 1.28 x 10° ESA (1988 - 1982)

Assumed Allowable Deflection under 18 K - axle :

Lister 1972 Cox 1981

(Fig. 18.29) (Fig. 18.30)
Case - 1 33 x 10-3in. 39 x 10-3in,
Case - 2 46 x 10-3in. 50 x 10-3in.

Allowable Deflection under 14K-axle based on Lister, 1972

For case - 1 - 23 x 10-3in.

For case - 2 - 28 x 10-3in.

Description Section  Section Section Section Section
I 1 m v Vv

Design define before

overlay x 10" - 3 in. 11.42 38.76 42.62 36.22 48.42

Designed thick. of
Overlay, inches
(Figure 18.31)

a) Alternative-1, Granular BC

Case - 1 nil 10.70 12 8.70 14.20
Case - 2 nil 9 8 4,40 8.80

b) Alternative -2, AC, M, 400 ksi (Assumed 1 AC = 3" gravel)

Case - 1 nil 3.57 42.90 4.73
Case - 2 nil 3 2.67 1.47 2.93

Source: Based on Lister, Cox, and CGRA 1981
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Figure 18.31 CGRA overlay design chart by deflection (after reference)

Source: Adapted from Lea and Associates and the Department of Roads (DOR) 1977



Table 18.21 Overlay design

1.57 x 10° ESA, |

Past traffic |
50 % (base year assumed - beginning of 1988).

assuming probability of achieving life

nn

Case - 1, traffic : 3.08 x 10° ESA (1988 - 1987)

Case - 2, traffic : 1.28 x 10° ESA (1988 - 1982)
Description Section-I Section-Il ~ Section-II1 Section-IV Section-V  Remarks
1) Design
deflection for
14R-axle at
30°C mm 0.29 1.0 1.08 0.92 1.23
Standard defl.
at 20°C mm 0.28 0.83 0.92 0.78 1.03 - from Fig.
18.33, 18.34
2) Total life 32.0 2.7 2.05 3.0 1.65
(x 106 ESA) - from Fig.
18.33, 18.34

3) Beginning life
(x 106 ESA) 30.43 1.13 48 1.43 0.88

Overlay thickness
required (inches)

Alternative - 1 (HRA)

Case - 1 nil 1.60 1.60 1.60 2.20 40 mm.
. = 1.6" min.
Case - 2 nil 1.60 1.60 1.60 1.60 overlaying
thickness

Assumed lin. HRA
Remaining life

1 in. dense graded AC. 3 in. of gravel
Total traffic life - past traffic.

n

Source: TRRL Lab Report 833, 1978
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Fig 18.32

Relation to be used for cracked
pavements with less than 135 mm.
of bituminous material of which
less than 75mm. is dense bituminous
material
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TEMPERATURE (°C)

Relation between deflection and temperature for pavements with less
than 135m of bituminous material of which less than 75mm is dense
bituminous material
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Table 18.22

Adjustment of material properties by matching measured deflection with
calculated deflection using CHEVPC computer programme

m— — =

Pavement Characleristics Section 1 Section 11 Section 111 Section [V Section V
Measured Deflection, 0.01428 0.0497 0.05315 0.04528 0.0605
inches
Material Properties from Base - 22 B-21 B -21 B-225 B-205
field CBR Sgr-15.8 Sgr - 14.4 Sgr - 14.4 Sgr-12.7 Sgr- 12
Adjusted Material for B-35 B-15 B-15 B-25 B-18
Properties Sgr - 35 Sgr -7 Sgr- 6.5 Sgr-7 Sgr-5
Calculated Deflection, 0.0144 0.0474 0.0532 0.0460 0.06000
inches
Thickness of Existing Surface = 2 S=2 §=2 §=2 S=2
Pavement (inches) Base 13.18 B =285 B = 8.5 B =6.7 B=179
Assumed Stiffness of 70 70 70 70 70
Existing Surface, (ksi)

— =

Table 18.23

Calculation of remaining life of existing pavement by CHEVPC
computer programme

e F
Section Eex.ue pai Eb, Esgr T-layers Ese Evs
FATIGUE LIFE RUTTING LIFE
Firn model TRRL Finn TREL
maode mode] mode]
AC. HPA
Inches 10% crack 45% crack Nf Nt N
il NI NI
] 100,000 35000 35000 2,13.78 319 oz 99BE+5 1 9E+6 .IE+35 B.ISE+6 4 ME+6
| u 70,000 15000 7000 FALE | 1385 24830 | GBE+4 LIBE+4 LNE+2 1L9E+T 107E+T
i) 70,000 1 5000 6500 2,85 735.60 1958 B6SE+4d QATE+4 5.ME+3 1.8TE+3 JOTE+I
In 70,000 25000 000 2,6.7 365 1878 B.OE+S 9.50E+S 1.1BE+5§ 25E+) 3.62E+)
v 70,000 18000 000 279 566 21288 Z05E+5 2.4E+S5 LTTE+4 9.28E+2 166E+3
——— — —




Table 18.24  Design of overlay by Mechanistic-Empirical Method (MEM) using
CHEVPC computer programme

—
Scet- Eac Eex.ac Eb, Esgr T-layers Esc Ew
ion FATIGUE LIFE RUTTING LIFE
Finn model TRRL Finn TRRL
mode miodel model
A.C. HRA
pai Inchea 0% 45% crack NI Nr Nr
emack NI NI

§ 400000 100,000 A5000 35000 22,1378 n 25 1.BTE+5 205E+5 1.IIE+S J.05E+7 1.58E+7
400000 100,000 35000 35000 6,2,13.78 174 130,40 2.UE+6 246E+6 289E+6 3.52E48 1.36E4+8

n 400000 70,000 15000 7000 22118 748 918.0 1.BSE+4 2.02E+4 S.3E+3 5.55E+4 6.10E+4
400000 70,000 15000 7000 62,118 292.%0 200,70 4.07E+5 4 45E+5 JOTE+S S.09E+7 248E+7
400000 70,000 1 5000 7000 T311.8 205.60 368,60 LYE+6 1 42E+6 L4IE+6 1BE+6 225E+6
400000 70,000 15000 7000 82118 159,40 248,30 3.00E+6 3.BE+6 ANE+6 1.96E+T LOTE+7

it} 400000 70,000 | 5000 6500 2,2,8.5 m 1249 1.6JE+v4 1.TRE+4 4.50E+3 1.40E +4 I.BIE+4
400000 70,000 15000 6500 4,285 a9 810 9.59E+4 9.40E+4 3.WE+4 9.TE+4 LOOE+5
400000 70,000 1 5000 6500 6,2,8.5 304 545 3.5BE+S JOIE+S 2.50E+5 S1TE+S 4.80E+5
400000 70,000 1 5000 6500 8,2,8.5 164,60 384 2.NE+6 2.95E+6 J6TE+6 2.TBE+6 1.9IE+6

Y 400000 70,000 25,000 000 22,67 sn.e 124490 445E+4 407E+4 1.63E+4 | 42E+4 L.B4E +4
400000 70,000 25,000 000 42,67 m 826 1.76E+5 1L93E+5 1.O2E+5 B.9SE+4d 9.29E+4
400000 70,000 25,000 7000 6,2,6.7 256.60 563 6.25E+5 6.94E+5 5.40E+5 4.9E+5 4.0E+5
400000 70,000 25,000 000 8,2,6.7 152.40 400,40 JATE+6 3B0E+6 5.12E+6 2.0E+6 1.62E+6

v 400000 70,000 18,000 5000 2,19 T20 1458 Z10E+4 2LWE+4 6.26E+3 T.00E+3 3.84E+3
400000 70,000 18,000 5000 4279 452 949 9.70E +4 1L.OGE +5 468 +4 4.08E+4 SATE+4
400000 70,000 18,000 5000 6.2,7.9 298 400 3.82E+5 4.18E+5 2.83E+5 23IE+6 1L63E+6
400000 70,000 18,000 5000 8.2,7.9 165.30 445 2.66E+6 2,19E+6 JEIE+6 1L.GE+6 LOTE+6

Source: TRRL, LR1132

Failure Critenia:

Finn,
Fatigue:

TRRL LR1132

< 10% logNf = 15.947 - 3.291 x log ¢/10° 854 x log MR/1000 Fatigue:

logNf = -9.78 - 432 x log ¢

< 45° logNf = 15.986 - 3.291 x log €/10° 854 x log MR/1000

Rutting:

Nr

= 1.077 x 10" (

Rutting:
logNr = -7.21 -3.95 x log ¢,

1 4.4843

lO“xe)

vy
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Summary of Overlay Designs by Various Methods

Table 18.25 and 18.26 present a summary of thickness of overlay in terms of asphalt concrete of about

400,000 psi modulus. The considerable variation in thickness obtained, from different methods of design,
suggests the need for exercise of engineering judgement to select the method that is most appropriate to
the actual conditions. For the purpose of this example, the results from the AASHTO Method are
suggested for adoption because the assumptions of design and material properties made are likely to

represent actual conditions. The deflections and material properties revealed from Table 18.15 are not

consistent for meaningful applications. The results from the TRRL LR 833 Method are not recommended
because the design charts are applicable to HRA, sub-grade CBR not greater than 15 per cent, and
involve past traffic (which is difficult to assess accurately).

The use of equivalencies may be made in order to convert the overlay of AC in terms of other choices
such as emulsified AC, DBST + untreated aggregate, or lower stiffness AC. The following equivalencies
are suggested for the purpose of this exercise.

1" AC (400 ksi)

1.43" Emulsified AC of Asphalt Institute
Type II,

3 " untreated gravel,

1.53 " AC of 175 ksi, and

1" DBST 1" AC of 175 ksi.

It may be noted that the probability of achieving designed life in methods other than mechanistic are
based on 50 per cent. The mechanistic method may be assumed to give a probability of achieving a
designed life of more than 90 per cent.

Recommendations

In view of the variation in the design thickness from different methods, it is suggested that more than one
method be tried and the selection be made by experienced judgement.A systematic design method should
always be adopted rather than ad hoc judgements in deciding overlay thickness for pavement
improvements.

The decisions concerning the type of overlay depends on available technology, materials, time, and cost
economy. Asphalt concrete or hot, rolled asphalt overlay may not always be possible in developing
countries. Emulsified concrete may, in some instances, be more desirable because of considerations of
fuel for heating. Overlays of DBST with untreated aggregate may sometimes be feasible and desirable
because of equipment and material constraints. In the absence of detailed analysis for a specific type of
overlay, it should still be possible to design the overlays in terms of asphalt concrete used in most design
charts and subsequently adjusting to the desired type can be done by using equivalencies from the
available literature.

The field and laboratory tests for material properties, including the deflection test, should not only be
adequate in numbers but also be consistent and acceptable to experienced judgement before they are used
for design inputs. Each user agency should, wherever possible, try to develop design charts or methods
appropriate to their own conditions.
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Table 18.25 Summary of designs - Case 1 (10 year design life - 3.08 x 106 ESA)

(Thickness in inches)

§.No. Design Method Section 1 Section 2 Section 3 Section 4 Section 5
Type -1
Dense Graded Asphalt
Conc., M,=400,000 psi
1. Component Analysis 3.57 4.50 5.55 6.39 6.03
9, AASHTO Design Guide
1985 0.2 1.50 2.70 3.6 4.7
3, Asphalt Institute
Deflection nil 3.70 4 3.8 5.60
4. Allowable Deflection
Criteria, Cox & CGRA nil 3.57 4 2.90 4.70
5. TRRL Lab Report 833,
1978 nil 1.6 1.6 1.6 2.2
6. Mechanistic Method 6.5 8 85 8.0 85
Table 18.26 Summary of designs - case 2 (5 yr. design life - 1.28 x 106 ESA)
(Thickness in inches)
S Design Method Section | Section 2 Scction 3 Section 4 Section §
No.
Type - 1
Dense, Graded Asphalt
Conc., M,=400,000 psi
1. Component Analysis 1.87 2.8 3.85 4.59 4.23
2. AASHTO Design Guide
1985 1.0 0.8
3 Asphalt Institute
Deflection nil 3.10 3.20 2.9 4.50
4. Allowable Deflection
Criteria, Lister &
CGRA nil 3 2.70 1.47 2.90
5. TRRL Lab Report 833, .
1978 nil 1.60 1.60 1.60 1.60
6 Mechanistic Method nil 7 7.5 7.0 7
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