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Politecnico di Torino —Corso di Laurea Magistrale in Ingegneria Civile

Pavement and Track Engineering - 021I0DMX
A.A.2013/14

PRACTICAL APPLICATION #1 -31/10/2013

Example #1 PLAIN CONCRETE SLAB
A plain concrete slab (geometrical and mechanical characteristics in Table 1) is supported by a
subgrade whose modulus of subgrade reaction is 100 MN/m?.

Table 1.
E [GPa] 30 h [m] 0.25
v -] 0.15 Le [m] 8.00
y [kN/m’] | 25 L, [m] 3.75
a [1/°C] 9.E-06

R Y P

STF

Pl §i 7
L 1 Given a circular load (P=30 kN, q=650 kPa),

Usmg closed form formulas (Appendix 1) determine:

\{ | e maximum stress and deflection due to corner Ioadmg,
“* < e maximum stress and deﬂectuon due to interior loading;

. max1mum stress and deﬂectlon due to edge loadmg (both circular and semicircular).

H

Usmg mfluence charts {Appendix 2) determme

/| o maximum stress and deflection due to comer Ioadmg,

) e maximum stress andggfLe;ngn dueto lntenor loadmg,

%

1. 2 Given a temperature dlfferentlal of 12°C determine:

curling stresses in the mtenor and at the edge of the slab according to the| Westergaard

and’B’ra“aﬁer approach (Appendlx 3)
[ e curlmg stresses according to the Elsenmann approach

;10

A M‘\"/’l:’

a

| 1.3 Given a coefficient of friction of 1.5, determine stress in concrete due to friction.

Example #2 JOINTED REINFORCED CONCRETE PAVEMENT

A reinforced slab (geometrical and mechanical characteristics in Table 2) is supported by a
subgrade whose modulus of subgrade reaction is 100 MN/m3.

Table 2.

E [GPa] 30 A [mm?/m] | 100

v [-] 0.15 Asie [mm?%/m] | 140

Y [kN/m3] 25 Ddowel [mm] 30 o 20T
h [m] 0.25 z [m] 0.005

Ly [m] 8.00 Eq 2| [GPa] 200

L, [m] 3.75 Kgs [GN/m®] | 400

Ay [mm%/m] | 280 s [m] 0.300

1
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FIGURE 4.13

Influence chart for deflection due to interior loading. (After Pickett and Ray (1951).)
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FIGURE 4.15

Influence chart for moment due to edge loading. (After Pickett and Ray (1951).)
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Politecnico di Torino - Corso di Laurea Magistrale in Ingegneria Civile

Pavement and Track Engineering - 0210DMX
A.A.2013/14

PRACTICAL APPLICATION #2 - 07/11/2013

Example #1 éf\HOMOGENEOUS HALF-SPACE

_Two C!fﬂ‘lall_‘?_égs having radius 15 cm each and spaced at 60 cm on centers are applied on a
‘homogenous half-space. The pressure on circular area.is 250 kPa the half -space has elastic
modulus 70 MPa and Poisson’s ratio 0.5. Determine vertical load stress, straln and deflectlon at

point{/ A, Which is located 60 cm under the center of one circle.”

3y
Example éz iWO-MYER SYSTEM

A plate bearing test using a 30 cm diameter rigid plate, was performed on a subgrade. A load of
2 M was applied to the plz plate and a deflectlon of¢5 mm was measured. Con5|dermg the

| subgrade as a homogenous | half-sgace wuth Poi 0.5 determine the elastrc modulus of
| the subgrade. o

. Assuming that this deflection is too high, a cement treated base will be placed on top of the
: subgrade. To know mechanical parameters s of the new ‘material, a layer of 15 cm thick was realized
¢ over the subgrade and a new plate bearing test was conducted. A deflection of 3 mm was

J/ measured. Assuming Poisson’s ratio equal to 0.5, determine the elastic modulus of the treated
base.

2> | Design the required thickness of the cement treated base course to sustain a 40 kN tire with a

‘1 contact pressure of 700 kPa overa circular area to comply with all the requirements indicated in

E Table 1. YRS ( o Ned &
5 Table 1. Requirements
Maximum vertical surface deflection (mm) Wo 1.5
2 Maximum vertical stress at the interface (kPa) on 200
é Maximum horizontal strain at the interface (strain) | g4 0.001 y‘«

Example #3 THREE-LAYER SYSTEM
A flexj@!egexement is composed of the following layers:

e a HMA course 15 cm thick with elastic modulus 3 GPa;
 agranular foundation 30 cm thick with elastic modulus 150 MPa;
e 2 subgrade with elastic modulus}O/MPa wﬁ

All layers are assumed to be incompressible. The asphalt pavement is subjected to a single-wheel

Ioad having contact radius 12 cm and contact pressure 700 kPa. Determine alI stres?mstra ns
at the mterfaces on the axis of symmetry —

%,
. %
H
o £
e -
N
1 Y
i 7
fooom e £
M L .
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Foster and Ahlvin charts for determining stresses and vertical deflection. (After Huang, 2004)
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Appendix #2
Two-Layer System (Huang, 2004)
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1.6 Determine bending moment in ties according to the following approaches:

e rigid body with full support;
e rigid body with end support;
e ORE empirical method (¢ = 1.375; B=0.5; x = 1.35).

1.7 Determine pressure on ballast and on subgrade caused by an isolated tie according to the
following approaches: T e

e rigid body with full support;
¢ rigid body with end support;
e ORE empirical method (¢ = 1.375; B =0.5; x = 1.35).

1.8 Determine pressure on subgrade by means of the combined use of the Sgémérﬁsmethod and
of theinfinite strip theory. |
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Politecnico di Torino — Corso di Laurea Magistrale in Ingegneria Civile

Pavement and Track Engineering - 0210DMX
A.A. 2013/14

PRACTICAL APPLICATION #4 - 28/11/2013

,XExamQIe #1 ACCUMULATED ESAL ON THE DESIGN LANE

A six-lane two-way highway has an average annual daily traffic (AADT) in both direction of 11000
during the first year of traffic. Traffic composition and axle loads are reported in Table 1. It is
assumed that they will remain constant over the analysis period of 30 years. Traffic volumes for all
vehicle types is expected to increase at a rate of 2.5 percent per year. The pavement has a
terminal serviceability index (p:) of 2.5 and a structural number (SN) of 5. The directional
distribution factor (Dp) is 0.5 and the percent of traffic on the design lane (D) is 65 percent.
Determine the design ESAL and the traffic versus time relationship.

Table 1.
Vehicle Types Percentage (%) | Axle loads Distribution (kN)
Passenger cars 50 total weigHt <30
2-axle single-unit trucks 25 410 420
3-axle single-unit trucks 10 440 4,80 1 80
5-axle multiple-unit trucks 15 440 1100 480 1,80 1,80

>< Example #2 EFFECTIVE ROADBED RESILIENT MODULUS

N

A

X
SN

Figure 2.4 shows the 12 monthly subgrade resilient moduli (M,) estimated by means of a
laboratory relationship between resilient modulus and moisture content of soil beneath the
pavement. Determine the effective roddbed resilient modulus (Mg).

Example #3 LAYER THICKNESSES

Calculate the required layer thicknesses for a new flexible pavement consisting of an_asphalt

_concrete surface, a crushed-stone base, and a granular subbase. The subbase has a resilient

modulus (E3) of 20 ksn resilient modulus of the base (E,) is 40 ksi, and resilient modulus of asphalt
concrete (E;) is 400 ksi. It is estimated that water drains out of the pavement within a period of
one day and the pavement structure will be exposed to moisture levels approaching saturation for
20 percent of the time. As cumulative ESAL in the design lane, consider the traffic versus time

[ telationship developed in example #1 and a performance period of 15 years. As effective roadbed
soil consider the result obtained in example #2. Assume a reliability level of 95 percent and an
overall standard deviation of 0.45. The initial serviceability index (p;) is 4.2 and the terminal
serviceability index (p) is 2.5.
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HOMOGRARH SOLVES: Tble 2.2. Suggested Levels of Reliability for

Various Functional Classifications
Recommended
b)a% w Level of
1 = 3.8 + 9,360 N1} ~ Functional Reliability
£ eglﬁ 8 zR - oglﬁ{ 1 -0+ Classification Urban  Rural
A’ Interstate and Other Freeways  85-99.9  80-99.9
Principal Arterials 80-99  75-95
Collectors 80-95 75-95
Local 50-80 50-80
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Figure 3.1.  Design Chart for Flexible Pavements Based on Using Mean Vatues for Each Input
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Effective Roadbed Soil Resilient Modulus, Mn {psi) = {corresponds to U‘)

Figure 2.4. Chart for Estimating Effective Roadbed Soil Resilient Modulus for Flexible Pavemems
Designed Using the Serviceability Criteria
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