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The composite pavement, where hot mix asphalt layers were placed on continuous reinforced
concrete slabs over the subbase, was constructed at an endmost portion of Narita International
Airport runway between autumn of 2011 and spring of 2012. However, several months after its
opening to the traffic, some distress came appear on the pavement surface. Several types of distress
such as delamination of HMA layers, white spots appeared on the surface, black spots appeared on
the surface, stains at construction joints and flow of HMA around airport lightings, have been
found.

Along with conducting tentative repairs, the authentic rehabilitation method has been studied.
Their causes are studied with several kinds of experiments and analyses, such as construction record
survey, site investigation, laboratory tests, numerical analysis and literature survey. The causes of
distress are finally classified into two kinds; that is, intrusion of water to asphalt mixtures and low
stability of asphalt mixtures.

Based on the study, the rehabilitation works, where the existing asphalt mixture layers are
removed and then new asphalt mixture layers are placed with some special treatments, have been
planned. The new asphalt mixture layer consists of two kinds of polymer modified asphalt layers.
Two kinds of water drainage facilities are installed on concrete slabs around the rehabilitation area,
to extrude water and vapor out of asphalt mixtures.

STRUCTURE OF EXISTED COMPOSITE PAVEMENTS
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The composite pavements were constructed between autumn of 2011 and spring of 2012, in
accordance with the construction standards. The quality was satisfactorily approved in reference
with the specification, and the pavements were served to the aircraft operation in April of 2012.

DISTRESS FOUND ON COMPOSITE PAVEMENT SURFACE



Several kinds of distress have been found on the composite pavement several months after its
opening to the traffic. The situation of distress was often surveyed since then. The situation is
briefly described below.

® Dull sound at hammer tapping tests
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® Black spots
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@ Stains at construction joints
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® Flow of HMA around taxiway lightings
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CAUSES OF MAJOR DISTRESS
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@ Structural analysis using 3D-FEM
Response of composite pavement against aircraft load was analyzed by using 3D-FEM.

® Quantification of characteristics of cored samples
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® Chemical analysis of cored samples
To clarify the contents of black spots, white spots and stains at construction joints, several kinds
of chemical analyses were conducted.

STRUCTURAL ANALYSIS OF COMPOSITE PAVEMENT USING 3D-FEM
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Modeling of Composite Pavement and Conditions of Analysis
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Item Layer CASE1 | CASE 2 | CASE 3
Elastic modulus | Surface course 500
(MPa) Binder course 500 1000 1000
Concrete slab 30000
Asphalt intermediate layer 5000
Base course 3000
Subbase 500




Subgrade 80
Spring constant | Boundary layer 1, horizontal | 100000 | 100000 10
(MN/m3) Boundary layer 1, vertical 100000
Boundary layer 2, vertical 100000
Boundary layer 3, vertical 100000
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Results of Analysis
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CHARACTERISTICS OF ORIGINALLY CONSTRUCTED HMAS
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® Flow of HMA around taxiway lightings
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CHARACTERISTICS OF HMAS CONSTRUCTED AT TENTATIVE REPAIRS
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Dynamic stability of surface course materials
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CHEMICAL ANALYSIS OF CORED SAMPLES

The components of black spots, white spots and stains at construction joints were analyzed with
using Fourier transform infrared (FT-IR) analysis, gas chromatography - mass spectrometry
(GC-MS) analysis and gel permeation chromatography (GPC) analysis. The samples were taken
from those both appeared on the surface and found in the mixtures. The results were as follows;
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DISCUSSION ON CAUSES OF MAJOR DISTRESS
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® Dull sound at hammer tapping tests
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® Black spots, white spots and stains at construction joints

IS OHRITEHLEOBARIZESZE O b O TIEARWD, RN A LZFERE LT,
ROEOIRTENEZOLND.

HUOWHEESARELEZFERE LTUIELZDOLONREZ LN, FETHZ ST L. 7272,
BB S Ol L7 a 7 OEIRE TT A7 7 )V SOBIHE N H-T-Z b, TAT
7V N DEMINS DOFIBEO AR E W E B X HILD.

VBT k%lﬁﬁ@%ﬁ:owf , ERLEKININOTEAR N B o T-fEATIc3sE L, L
HEERIICORIFEL, EHENTIC i&w LB, CRCHEDHDZ7a Ll vELAD
‘hbﬁ#mW\k%ﬁfﬁléo

® Flow of HMA around taxiway lightings
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CAUSES OF MAJOR DISTRESS

Of the five types of distress, black spots, white spots and stains at construction joints are
obviously harmless from a viewpoint of pavement structure. However, dull sound at hammer
tapping tests and flow of HMA are serious structural damages, of which causes are summarized as
follows:

® Intrusion of water to HMA

Water intruded to HMA is entrapped, because the dense graded asphalt mixture with low air
void is used as the surface course and the asphalt mixture layers are surrounded by the concrete
slabs. Water might infiltrate from construction joints of asphalt mixture layers and joints between
asphalt mixtures and concrete slabs.

® Low stability of HMA



Stability of asphalt mixture is insufficient to carry heavy aircraft loads, because its dynamic
stability is lower, even in comparison with the standards on asphalt mixture in public road. As the
standards on asphalt mixture in airports the dynamic stability has not been specified higher, because
waterproofing and thicker asphalt film around aggregates are considered as much important to
prevent from aging of asphalt mixtures.

REHABILITATION PLAN

Based on the above study, the rehabilitation works, where the existing asphalt mixture layers are
removed and then new asphalt mixture layers are placed with some special treatments, have been
planned. The following items are major ones actually adopted.

Countermeasures against Intrusion of Water To HMA
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® Pavement structure

As a pavement structure, dense graded asphalt mixtures of 60 mm thickness, drainage asphalt
mixtures of 40 mm thickness is employed as a surface course, a binder course, respectively. The
sectional view is shown in Figure 6. In order to ensure the durability against the heavy aircraft
loading, 60 mm of thickness is required as the surface course. Tack coat using polymer modified
asphalt is also required on both the concrete slabs and binder course, to ensure the bonding between
two layers.
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drainage asphalt mixture with polymer modified asphalt and aggregates of 13 mm maximum
particle size is adopted to guarantee the extrusion of infiltrated water through the binder course. The
target air void is set to 20 %.



i HAR ) 00

Drainagd

Figure 6. The sectional view of HMA

® \Water draining facilities

Two kinds of water drainage facilities are installed on concrete slabs around the rehabilitation

area. One is transverse open grooves of 6 - 10 mm width to extrude water and vapor transversely,

and the other is wider ditches filled with drainage asphalt mixture to mainly drain water
longitudinally. The plan view is shown in Figure 7.
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Figure 7 Plan view of rehabilitation area

Countermeasures against Flow of HMA
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Table 5 shows specification of Polymer modified asphalt.

Table 5 Specification of polymer modified asphalt

Straight PMA
Item

(40-60) I H
Softening point (C) 47 - 55 >56.0 >80.0
Ductility at 7C (cm) - - -
Ductility at 15C (cm) >10 >50 -
Toughness at 25C (N + m) - >8.0 >20
Tenacity at 25C (N + m) - >4.0 -

Specification of HMA for Rehabilitation Area
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® Surface course

For the surface course, dense graded asphalt mixture with polymer modified asphalt (Type 1)
and aggregates of 20 mm maximum particle size is used. As a new specification on air void,
dynamic stability, 4.5%, 3,000 times / mm is added, respectively. Table 6 shows the specification
on aggregate size gradation and characteristics of asphalt mixture.

Table 6 Specification for HMA of surface course
a) Aggregate size gradation
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b) Characteristics of asphalt mixture.
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® Binder course

For the binder course, drainage asphalt mixture with polymer modified asphalt (Type H) and
aggregates of 13 mm maximum particle size is used. As a new specification on permeability,
dynamic stability, 1x10cm/s, 3,000 times / mm is added, respectively. The target air void is set to
20% to endure the permeability. Table 7 shows the specification on aggregate size gradation and
characteristics of asphalt mixture.

Table 7 Specification for HMA of binder course
a) Aggregate size gradation
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b) Characteristics of asphalt mixture.
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CONCLUDING REMARKS
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® Pavement structure

As a pavement structure, dense graded asphalt mixtures of 60 mm thickness, drainage asphalt
mixtures of 40 mm thickness is employed as a surface course, a binder course, respectively. In order
to ensure the durability against the heavy aircraft loading, 60 mm of thickness is required as the
surface course. Tack coat using polymer modified asphalt is also required on both the concrete slabs
and binder course, to ensure the bonding between two layers.

® \Water draining facilities

Two kinds of water drainage facilities are installed on concrete slabs around the rehabilitation
area. One is transverse open grooves of 6 - 10 mm width to extrude water and vapor transversely,
and the other is wider ditches filled with drainage asphalt mixture to mainly drain water
longitudinally.

® HMA

For the surface course, dense graded asphalt mixture with polymer modified asphalt (Type 1)
and aggregates of 20 mm maximum particle size is used. As a new specification on air void,
dynamic stability, 4.5%, 3,000 times / mm is added, respectively.

For the binder course, drainage asphalt mixture with polymer modified asphalt (Type H) and
aggregates of 13 mm maximum particle size is used. As a new specification on air void, dynamic
stability, 20%, 3,000 times / mm is added, respectively.



