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The process for developing a structural design method for airport asphalt pavements with lean concrete
base from experimental tests was described. First, the structural and functional capabilities of the
pavement structure were investigated. It was revealed that joint is the critical loading position, and that
both a thicker asphalt surface course and a crusher-run subbase are beneficial. Then, the structural
parameters were studied through back-calculation and calibration. By using the elastic-layered system
theory, the design principle was developed considering the influence of the joint and the fatigue property
of the lean.concrete base. Finally, applications of the design principle were investigated.
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1. INTRODUCTION

In Japan, the design method currently used for
airport asphalt pavements is based on the so-called
CBR method ”. The applicability of stabilized
material to the base course and subbase was
investigated for the first time on Nobi field tests in
1972 under the design criterion of accumulated
plastic deformation on the subgrade *. In the study,
three sections with lean concrete base course were
examined, and the thickness equivalency factor of
the lean concrete base course was proposed, as
shown in Table 1. However, these results are not
yet stipulated in the design specification ".

Because the lean concrete base course sustains
most of the loads due to its high stiffness, the
pavement structure could fail at the base course by
insufficient flexural strength, rather than at the
subgrade by excessive compressive stress. In
addition, reflective cracking may also occur.

Therefore, asphalt pavements with lean concrete

base must be designed to prevent both flexural
failure at the lean concrete base and induced
reflective cracking.

This paper describes the process for developing a
structural design method for airport asphalt
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pavements with lean concrete base from
experimental tests. First, the structural and
functional capabilities of the pavement structure
were investigated. It was revealed that joint is the
critical loading position, and that both a thicker
asphalt surface course and a crusher-run subbase are
beneficial. Then, the structural parameters were
studied through back-calculation and calibration. By
using the elastic-layered system theory, the design
principle was developed considering the influence
of the joint and the fatigue property of the lean
concrete base. Finally, applications of the design
principle were investigated.

2. EXPERIMENTS

Three kinds of asphalt pavements with lean
concrete base were constructed experimentally. The
pavements were designed under the following
conditions:

1) standard aircraft: B-747-400
2) traffic volume: 5,000 coverages
3) subgrade CBR: 9%

The pavements had both an asphalt concrete

surface course and a lean concrete base course in



Table 1 _Thickness equivalency of lean concrete base

Design compressive strength at 7 days

Manufacture method

Thickness equivalency factor

3MPa< g, <8MPa Plant mixing 2.0
o, 28MPa Plant mixing 3.0
Note: o, =070, (suffix: cured days) 2
5000 5000 5000
Asphalt surface course 9 Asphalt surface course =4 Asphalt surface course ?_
20 a 20
Asphalt treated base S 4 - 0 g H
] Lean concrete base 15 Lean concrete base §
(v ~=~ a u]
A A T
Lean concrete base § s 20 8 S n
L o0 A m Crusher-run subbase 8
© - Sand
A4
Sand Sand

Structure A

O Soll pressure gauge
A Strain gauge

Structure B

0 Joint displacement gauge (deflection)
B Joint displacement gauge (opening)

Fig.1 Experimental pavement structures

common, but their structures were different, as
shown in Fig. 1. The asphalt concrete surface
course was composed of a 40mm thick, dense
graded upper layer and a 100mm thick, coarse
graded lower layer. The lean concrete base course
was 200mm thick with a compressive strength (0y)
of 18MPa. A 90mm thick recycled asphalt treated
base was used between the asphalt surface course
and the lean concrete base of structure A, while a
180mm thick recycled crusher-run subbase was
used under the lean concrete base of structure B.
Material composition of the lean concrete base is
shown in Table 2. The composition of other layers
was designed in accordance with the specifications
for airport pavements . The thickness equivalency
factor was empirically taken as 3.0 for structure A
and B, and 4.0 for structure C. Soil pressure gauges,
strain gauges and joint displacement gauges were
installed in the experimental pavements. All sensors
were calibrated before the loading tests.

Each experimental section is 5Sm wide and 10m
long with a transverse joint in the middle, as shown
in Fig. 2. Transverse joints must be considered
because the drying shrinkage property of the lean
concrete does not differ from that of normal cement
concrete, as shown in Fig. 3. The drying shrinkage
behaviors were observed by using the specimens in
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Table 2 Material composition of lean concrete

Cement | Water .Ag regate Admixtures
Fine | Coarse
195 152 | 867 | 1,082 1.95
(unit: kg/m°)
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Fig.2 Experimental pavement sections
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Table 3 Results of plate loading tests

Layer Test item Structure A | Structure B | Structure C
CBR (%) 10.6 109 10.0
S
and Kys (MN/m?) 60 72 58
Crusher-run subbase | Kjys (MN/m®) - 86 -
0.1 T T T 0
= —e— Lean concreate 02|
E ---3--- Cement concrete
% € 04 |
= £ s}
= ] <
@ g 08 | e
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Drying age(days)

Fig.3 Drying shrinkage property

the laboratory, which were prepared without any
differences in their circumstances to make it
possible to clarify the relative difference in their
drying shrinkage properties. The drying shrinkage
amount was measured at the distance of 500mm in
the specimen of 150mm wide, 150mm thick and
530mm long, placed on the glass beads bed.

Loading plate tests were conducted on the
subgrade and subbase before the upper layer was
paved. The results are listed in Table 3.

For each experimental section, static loading,
repetitive loading and FWD tests were conducted in
the following sequence. First, static loading tests
with load amplitudes of 50, 100, 150, 200, 250 and
280 kN were conducted using a 500mm diameter
loading plate. Secondly, repetitive loading tests
were conducted with a maximum amplitude of 250
kN and a frequency of 1Hz, also using a 500mm
diameter loading plate. Structure A and B received
20,000 cycles of repetitive loading, whereas
500cycles was applied to structure C. After the
repetitive loading tests, FWD tests with impulsive
loads of 100, 150 and 200 kN were conducted using
a 450mm diameter loading plate. For all of these
tests, the pavement responses, i.e., the surface
deflection basin, strain in the lean concrete base and
compressive stress on the subgrade, were measured.
The measurement results are illustrated as follows.

(1) Surface deflection basin
Fig. 4 shows the surface deflection basin for the
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Radial distance (mm)

Fig.4 Surface deflection basin
(suffix: 1 - interior; 2 - joint)

static loading tests with a load amplitude of 250 kN.
It can be found that the surface deflection basin for
the joint loading tests was generally deeper than
that for the interior loading tests. This difference
was most for structure C and least for structure A,
which indicates that structure A has the highest
bearing capacity, whereas structure C has the lowest.
Therefore, the pavement behavior at each joint
loading case should be taken into consideration in
the structural design.

(2) Strain in the lean concrete base

Fig. 5 shows the strain in the lean concrete base at
the interior position in the static and repetitive
loading tests with a load of 250 kN. Fig. 5(a)
reveals the same phenomena as Fig. 4; that is,
structure A has the highest bearing capacity,
whereas structure C has the lowest. It can also be
found from Fig. 5(b) that section C has a much
larger tensile strain, whereas that of structure A
remained nearly stable during the repetitive loading
tests. Structure C suffered from flexural failure in
the lean concrete base in the early stage of the
repetitive loading test, while structure A was still in
good condition at the end of the test.

(3) Compressive stress on the subgrade

Fig. 6 shows the compressive stress on the
subgrade for the static and repetitive loading tests
with a load of 250 kN. From Fig. 6(a), it can be
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found that the compressive stresses for the interior
loading case are much smaller than those for the
joint loading, and that structure A has the smallest
magnitude, whereas structure C has the largest,
especially for the joint loading case. It was revealed
that the pavement structure and the loading position
have a significant influence on the compressive
stress on the subgrade. From Fig. 6(b), it can be
found that the compressive stress of structure B for
the joint loading case has a tremendous increase at
4,000 cycles of loading, whereas that of structure A
and that for the interior loading of structure B do
not have any significant increase during the
repetitive loading tests. For structure C, the stress at
the interior loading case is also smaller than that at
the joint loading case. Thus, from the repetitive
loading test results, it was also revealed that the
joint is the critical loading position.

318

Compressive stress on the subgrade
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(4) Joint

Fig. 7 shows the load transfer efficiency at the
joint ¥ during the static and repetitive loading tests.
Magnitudes of 80% for the static loading test and
over 90% for the repetitive loading test were
obtained, regardless of the pavement structure. This
could be because the same subgrade was used, and a
similar asphalt surface course was placed on the
lean concrete base course.

Both the difference in deflection and the opening
at the joint were measured. As illustrated in Figs. 1
and 2, the difference in deflection at the joint was
measured by the vertical joint displacement gauges
at both side of the joint whereas the joint opening
was measured by the horizontal displacement
gauges.

Fig. 8 shows the difference in deflection at the
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joint during the static loading test. Structure A has
the smallest difference due to the thicker asphalt

concrete layer on the lean concrete base. Deflection basin

Fig. 9 shows the joint opening for the FWD test

with 200 kN of impulsive load. Structure B has the i 1
smallest joint opening, suggesting that a stronger Composite pavement Elastic layered
subbase course is beneficial for preventing the joint slab me[thods theory
from opening. {

For the structural design index, it was also Winkler subgrade Elastic solid
investigated whether the compressive stress on the idea"Zla"O" subgrade i:iealization

subgrade, which is the main concern for designing
airport asphalt pavements in Japan, is too small to
be considered for this kind of pavement structure.

Consequently, the tensile strain at the bottom of the
lean concrete base for the joint loading case was

selected as the fundamental design index for Fructural parameters l
preventing flexural failure at the base course.

Fig. 10 Procedures for estimating the structural parameters
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Table 4 Structural parameters to calculate the tensile strain at the static loading tests

Method Asphalt | Lean concrete Subgrade
© layer base Structure A Structure B Structure C
Winkler subgrade 2,100 28,500 194* 114* 110*
Elastic solid subgrade 1,600 21,000 930 581 436
Three-layered elastic system 2,000 22,000 226 222 204
unit: MPa, *- MN/m®
30000 200
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150 - . 4
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Fig. 11  Validity of the estimated structural parameters

3. STRUCTURAL PARAMETERS

(1) Back-calculation and calibration

The composite slab methods (namely, composite
slab on Winkler and elastic solid subgrades) and the
three-layered elastic system method were used to
estimate the structural parameters for calculating
the tensile strain of the lean concrete base course. In
the procedure, the structural parameters were first
back-calculated from the measured deflection basin
and then calibrated to correspond to the measured
strain ® 7. The process is described in Fig. 10.

The following findings were obtained from the
analysis:
1) The structural parameters back-calculated from
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the deflection basin by any of these methods

(composite slab on Winkler or elastic solid

subgrades, and the three-layered elastic system

methods) significantly differ from each other.

2) The structural parameters back-calculated from
the deflection basin may overestimate the tensile
strain so that they cannot be directly used to
estimate the tensile strain.  Therefore,
calibrations were conducted to correspond to the
measured strain.

The structural parameters were estimated based
on these findings, as shown in Table 4. Their
validity is shown in Fig. 11, in which Fig. 11(a)
indicates that the elastic modulus of the lean
concrete base (E,) estimated by either the elastic
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idealization or the three-layered elastic system
coincides well with that reported in the
literature ® ** ', while that by the Winkler subgrade
idealization is higher. For the subgrade, the reaction
coefficient (k) estimated with the Winkler subgrade
idealization is larger than that measured by the plate
loading test, whereas the elastic modulus (Eo)
estimated with the elastic solid, subgrade
idealization is extremely higher, as shown in Fig.
11(b) and Fig. 11(c), respectively. Hence, the
elastic-layered system theory was introduced into
the design principle.

(2) Structural design parameters
As the elastic-layered system theory was adopted,
the structural parameters for pavement design were
recommended as follows.
a) Elastic modulus of the lean concrete base, E,
The ACI 318 equation ®, the validity of which is
shown in Fig. 11(a), was introduced to estimate the
elastic modulus of the lean concrete base, as
expressed in Eq. (1)

E, = 44y"0 " (MPa) Q)

in which y, o, represents unit weight (in KN/m?),
unconfined compressive strength.(in MPa) of the
lean concrete, respectively.
b) Elastic modulus of the subgrade, E,

Eq. (2) is introduced below. Its validity was
shown in Fig. 11(c).
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E,=20-CBR (MPa) )
in which CBR represents the California Bearing
Ratio of the subgrade (in %). ‘

¢) Elastic modulus of the asphalt surface course,

E

The following sensitivity analysis shows that the
elastic modulus of the asphalt surface course has
little influence on the tensile strain of the lean
concrete base. Thus, a magnitude between 600 to
2,000 MPa was recommended, which may result in
negligible design error.

d) Flexural strength of the lean concrete base,

f"

Eq. (3) was introduced from various equations for
estimating the flexural strength of the lean concrete

base '".

f,=04380,"  (MPa)

3

(3) Sensitivity Analysis

Sensitivity analysis was conducted to investigate
the influence of structural parameters on the strain
at the bottom of the lean concrete base beneath the
center of one wheel of a B-747-400 main gear, as
shown in Fig. 12(a). The elastic-layered system
program BISAR was used. As shown in Fig. 12(b),
the relative sensitivity to the strain is listed as
follows in descending order:



Table 5 Pavement structure

Structure layer Thickness (mm) | Elastic modulus (MPa) | Poisson’s ratio
Asphalt surface course 150 700 0.30
Lean concrete base t fla,) 0.15
Crusher-run subbase 300 300 0.30
Subgrade - 20.-CBR 0.35
1.8 T : . T closely related to the load transfer efficiency, E ,,
as shown in Fig. 13.
1.6 .
(2) Fatigue property
Q14 _ The fatigue property of lean concrete is similar to
that of either normal cement concrete or cement
12 treated soil ' '9, so Eq. (5) is introduced to
’ illustrate the fatigue property of lean concrete " '%,
1.0 1 1 1 1 le) —_1
0 20 40 60 80 100 A’ =1-007log,, N ®
Eq(%)
. o where, )
Fig. 13 Influence of the joint N- loading cycles

1) H, - thickness of the lean concrete base
2) E, - elastic modulus of the lean concrete base
3) Ey or H, - elastic modulus of the subgrade or
thickness of the asphalt surface course

4) E,;, - elastic modulus of the subbase
5) E, - elastic modulus of the asphalt surface course
6) H,, - thickness of the subbase.

Therefore, attention should be paid on the more
sensitive parameters (e.g. H,, E,, Eo and H,) when
designing the pavement structure.

4. DESIGN PRINCIPLE

By using the elastic-layered system theory, the
design principle was developed considering the
influence of the joint and the fatigue property of the
lean concrete base.

(1) Influence of joint
The influence of the joint on the tensile stress is

expressed by Eq. (4).
oe
Yo
in which,

B - the influence of the joint on the tensile stress

Q)

0, - tensile stress for the joint loading
0, - tensile stress for the interior loading

5), 12), 13)

A literature review reveals that B is
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O - the maximum tensile stress
f, - flexural strength

(3) Design criterion

Because the joint is the critical loading position,
the structural design criterion was defined as
follows: the tensile stress for the joint loading case
should not exceed the fatigue strength of the lean
concrete base. When the tensile stress was
calculated for the interior loading case by the
elastic- layered system theory, an equation derived
by combining Eq. (4) and Eq. (5§) was proposed for
the structural design criterion, as expressed in Eq.

(6).

0, <(1-007log,, N).% 6)

5. APPLICATIONS

Applications of the structural design principle to
practical design method were investigated. The
standard pavement structure is considered to be
composed of an asphalt surface course, a lean
concrete base course and an unbound subbase, as
shown in Table 5. The thickness of the asphalt
surface course is determined to prevent reflective
cracking, and the thickness of the crusher-run
subbase is determined considering the construction
procedure and cost ' The elastic moduli of the
asphalt surface course and subbase were directly
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taken from the literature ” because they are less
sensitive to the tensile stress. Meanwhile, the
analysis used a subgrade CBR of 10%, the design

aircraft of B-747-400 and design coverage of 20,000.

Based on the static loading tests, B was taken as
1.45.

(1) Design strength of the lean concrete base

Design thickness of the lean concrete base is
shown in Fig. 14 for different design strengths. It
can be significantly reduced by increasing its design
strength.

(2) Load transfer efficiency

Design thickness of the lean'concrete base is
shown in Fig. 15 for different load transfer
efficiencies. It can be reduced significantly by
improving the load transfer efficiency.

(3) Thickness of the asphalt surface course
For thickness of the asphalt surface course other
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Fig. 17 Adjustments of the lean concrete base thickness to

different thickness of the subbase

than 150mm, the thickness of the lean concrete base
must be adjusted, as shown in Fig. 16. Increasing
the thickness of the asphalt surface course was
found to reduce the thickness of lean concrete base.

(4) Thickness of the subbase

For subbase thickness other than 300mm, the
thickness of the lean concrete base must be adjusted,
as shown in Fig. 17. It revealed that the subbase
thickness has a small but constant influence on the
thickness of lean concrete base, regardless of the
design strength.

6. CONCLUSIONS AND SUMMARIES

During the development of the design method for
airport asphalt pavements with lean concrete base,
the following conclusions were obtained from this
study:

1)The tensile stress at the bottom of the lean



concrete base for the joint loading case was
considered to be the design index for preventing
flexural failure of the pavement structure at the
lean concrete base.

2)A thicker asphalt surface course and a stronger
subbase course are beneficial for the pavement
structure from the viewpoint of pavement
behavior at the joint.

3)The influence of the joint and the fatigue property
of the lean concrete base were considered in the
structural design. The design principle was
developed as a result.

4)Design thickness of the lean concrete base mainly
depends on its design strength and the load
transfer efficiency at the joint. It can be adjusted
to different thickness of the asphalt surface course
or the subbase course.
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