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ABSTRACT
The extension of the Haneda Airport represents one of the biggest civil engineering jobs currently
under execution worldwide. It consists mainly in the realization of afourth runway that, due to lack
of spacein theland, is built partly on areclaimed island and partly on a piled elevated platform over
the seq, for atotal length of 3120 m. The new runway is connected to the existing Haneda Airport
through a Taxiway Bridge of 650 m length that is also a sea structure supported by piles.
The different parts of the structure — reclaimed island, piled elevated platform and taxiway bridge -
are connected by expansion joints that must provide bearing capacity for the aircrafts taking off,
landing and taxiing, movement capacity to accommodate thermal effect, creep, shrinkage and
earthquake movements, and waterproofing. In total are required 1104 m of expansion joints.
Design loads for the expansion joints include impact and braking forces for any kind of aircraft
(including the Airbus A 380) for normal as well as emergency landing; for movements from all
effects up to 1200 mm in all directions.
The design of the expansion joints, taking consideration of the very high loads which involve also
fatigue effects, has been based on the all metal solution of the “roller shutter” type that has already
proved to be suitable, albeit for smaler movements and loads, for another airport runway in
Funchal, Madeira where the joints have been in service since 5 years.
The design has been validated also by a full scale model test performed on a specimen of three
meter length. The specimen has been installed on a 2 degrees of freedom shaking table at ALGA
laboratory and subjected to 24 different time histories reproducing earthquakes in the x, y and x-y
directions with maximum displacements of 1200 mm in the two directions. In the earthquake
simulations, velocities up to 1,5 m/s with accelerations up to 0,89 have been applied to the

specimen. The tests have been completed for static loads simulating impact and braking, as well as

2



for dynamic loads simulating fatigue effects for a total number of cycles of 12,5 million. All tests
have been successful and proved the suitability of the design.
The paper describes the airport extension project, the design of the joints, the execution of the tests

and their results.
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INTRODUCTION

It is quite unusual to have expansion joints on an airport runway. This happens only when the
runway is supported by a structure and this solution is adopted when, due to the morphology of the
ground or to space availability, it is not possible to lay down the runway on the ground as usual .
Until now, there are only two significant examples of runways in the world requiring expansion
joints for large displacement:
1 The airport of Funchal, Madeira, Portogal. Madeira archipelago is in the Atlantic
Ocean about 650 km west to African coast (Marocco). The main island, with its biggest
village Funchal, is the centre of commercial and tourist activities, with more than 90% of
population. Due to the fact that all the islands have fretted coasts, the planned improvement
of Funchal airport needed to be upgraded by an off-shore prestressed concrete structure built
on that coast. The connection between the existing portion of the runway and the new
portion supported by the offshore structure required an expansion joint to compensate the
relative displacements due to temperature, creep, shrinkage, and earthquake. A paper
describing this project has been presented at the 5" World Congressin Rome on 2001 (1).
2. The airport of Tokyo Haneda. Haneda is the second Airport of Tokyo; however, the
increasing traffic foreseen for the coming years required the execution of a runway D in

addition to the three aready in service. The only space available for this runway is the sea.
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Therefore it must be supported partly by an offshore structure and partly by a reclaimed
island. In addition the area is subjected to very high seismic risk so that the relative
displacements become very large, up to 1200 mm. The foreseen joints are designed to carry
the loads of all new foreseen aircraft, including the Airbus A 380
Expansion joints for the airport runway differ from those for roads because of the very high loads
applied, both in vertical and horizontal direction. Vertica loads can be of the order of 420 kN per
wheel during emergency landing and the correspondent horizontal load due to braking is of the
same order of magnitude, since the friction coefficient between the aircraft’s wheel and the ground
of the order of 1. The above loads are highly repetitive so that fatigue effects must be taken into
account.
Road expansion joints are normally not suitable to take these loads. At the airport of Funchal, for
those joint experiencing displacements up to 150 mm have used elastomeric mat expansion joints
similar to those used for road bridges but duly upgraded with the addition of steel structuresto resist
the specified forces.
For the larger displacements that reach 275 mm in Funchal and 600 mm in Tokyo Haneda, the
only possible solution was the adoption of steel plate expansion joints, like roller shutter types, duly
designed to resist the specified loads.
The paper describes the extension of the Haneda airport in general and the design and test of the
expansion jointsin particular.
The tests performed on a 1:1 scale portion of the joint and using a two-degrees-of-freedom shaking
table at ALGA’s laboratory involved the application of 60 earthquake time histories with
displacements up to 600 mm in both directions, velocities up to 1,5 m/s, and accelerations up to
0,8g. In addition, the joint prototype was subjected to 12,5 million load cycles to simulate fatigue

effects as will be described more fully in the following paragraphs.



OUTLINE OF THE EXTENSION PROJECT OF THE HANEDA AIRPORT

Outline of new runway island

Tokyo International Airport (Haneda Airport) is located in the bay area near the centre of Tokyo
and is a hub airport for domestic air traffic, serving nearly 60 million passengers every year (see
Fig. 1). At present the Haneda Airport contains three runways (two 3,000 meters runways and a
2,500 meters runway), however, the capacity of the airport is now reaching to the limits.

For accommodating the increasing demand for air traffic, the Extension Project of the Haneda
Airport constructing the fourth runway of 2,500m long at the offshore of the existing airport is now
underway.

A plan of Haneda Airport is shown in Fig. 2. The new runway will be constructed on the artificia
island approximately 3,000 meters long and 500 meters wide on the southern offshore of the
existing airport. Asthe new runway island islocated in the river mouth of the Tama River, the flow
of the river must not be affected by reclamed island. Therefore, the piled-elevated platform
structure of which deck dlab is supported by steel pipe bearing piles is proposed for the area over
the river mouth, and reclamation is applied for the part outside of the river mouth. Two taxiway
bridges with 600 meters long and 60 meters wide are planned for aircraft access from the existing

airport to the new runway island.

Structure of the new runway idand

The piled-elevated platform of the new runway island is 1,100 meters long and 500 meters wide in
total. It is ajacket-type platform composed of approximately 200 steel jackets 60 meters long and
45 meters wide. Since the water depth at the construction site is 15 to 19 meters, and the ground
consists of 30 to 40 meters of thick sedimentary layers of soft clayey soil, long steel pipe bearing

piles are used for the piled-elevated platform. The taxiway bridges are composed of jacket-type



platforms and a steel bridge 260 meters long crossing the navigation channel. They are also
supported by long steel pipe bearing piles.

Since the new runway island is composed of different type of structures such as reclaimed island,
piled-elevated platform, and the taxiway bridge, relative displacement due to temperature changes
and earthquake actions will occur between each structure. Expansion joints will be instaled in the
five areas on the runway island to absorb the relative displacement between the structures. The
total installation length of the expansion joint will be approximately 1,100 meters.

The plan view of the new runway island of the Haneda Airport with the expansion joints in

evidenceisshownin Fig. 3

DESIGN AND STRUCTURE OF THE JOINTS

The R6 1200/1200 expansion joint used for the Haneda Airport runway is aroller shutter type made
of asteel plates system hinged together with a set of pin connections.

The movable part of the joint is composed by a bridge plate (Figure 5, detail C) which is anchored
to the ground on one side and on the other side is connected to the roller shutter element (Figure,
detail B), made of a set of hinged steel plates. The fixed part is made of a single plate (Figure 5,
detail A) connecting theroller shutter to the ground.

The longitudinal and transverse movements are provided by the sliding of the roller shutter over the
curved dlide element (Figure 5, detail D). The dlide is a composite element made of thin steel plates
(between 30mm and 50mm thickness) welded together forming a double-T profile. The transversal
interaxis between each slide and the following is 1500mm,; slides are 800mm wide, so that, as the
transversal movement of the joint is 1200mm, the slides are connected to each other by three

intermediate plates thus providing a continuous horizontal sliding surface.



Figures 4, 5 and 6 show the expansion joint in the opened, centred and closed position during
longitudina movement. For the transverse movement, the roller shutter does not change
arrangement.

All parts of the expansion joint except pins and dliding surfaces are made of rolled steel type S355
JR. Due to the high aggressive atmosphere, all critic parts of the joint were designed in stainless
steel. The pins connecting the bridge and the fixed plate to the ground and the sliding plates to each
other are made of X2CrNiMoN.22.5.3, which isavery high impact strength stainless stedl.

Sliding surfaces are covered with a X5CrNi 1810 stainless steel plate. To prevent them from
corroding, as norma paint would be highly damaged by the concentrated forces due to aircraft
transit and roller shutter dragging.

All structural elements of the expansion joint were designed and checked to resist the applied loads.
In particular, the joint was calculated by simulating the take off, landing, and braking of several
standard aircrafts including the Airbus A 380, whose impact vertical load during landing reaches
470kN/wheel .

Finite element models were made in order to study the behaviour of the steel plates (Figure 5,
details A, B and C) during impact load. Several analysis were performed considering different load
positions. The FEM models used for the bridge and sliding plates are shown in the figures 7 and 8.
The results of the flexural calculation of the plates indicated the need for a 90mm thick steel plate
for the bridge and the fixed plate and 120mm for the dliding plate. This means about 1,5tons steel
for each main plate.

Figure 7 shows in detail the FE model used for the diding plate assessment. In this case, a brick FE
model with a refined mesh was necessary to examine the connection between diding plate and
hinges. Sliding plates and hinges are in fact connected by a fillet welding which, due to the very
high compressive stresses given by the aircraft transit, was studied as the most critic part of the
joint. The fillet welding was deeply investigated according to “ Fatigue design of welded joints and

components” of International Institute of Welding (IIW) following the effective notch stress
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approach with particular care given to the fatigue assessment following the “cumulative damage
method” according to Fatigue design standards for steel structures.

The result of calculation indicated the need for a 14mm deep welding connecting the body of hinge
and plates. The hinge of the bridge plate, in particular, having much higher compressive stresses on
it, was designed in a different shape than the other in order to reduce the stresses as much as
possible. Fatigue assessment has also been investigated by laboratory tests as described in the
following chapter.

The Expansion joint type R6 1200/1200 is employed in the runway and in the taxiway. A simplified
R6 joint is employed in the runway strips. A particular and unusual expansion joint type is
employed in the airport service road. The remarkable requirement of this joint is the very large
potential transverse movement of 1200mm. As shown in the figure, the complex problem of the
central plate centring was solved with a pantograph system which resists to the horizontal forces
due to braking and earthquake. The calculation of al other parts of the DP joint follows the

guideline of the R6 type.

VALIDATION OF THE DESIGN BY TEST

Validation of joint design has been carried out through a large campaign of tests that have been
performed in Alga laboratory of Montebello della Battaglia (Pavia), in cooperation with technicians
of the University of Pavia and of the Politecnico di Milano. A full scale (1:1) sample of a joint
having a length of 3 meters has been employed for the tests, and a specia dedicated test structure
has been designed and manufactured for the execution of the scheduled tests. The test set-up is
shown in figures 11 and 12.

Three different main types of test have been performed on the prototype of expansion joint: static

loading tests, fatigue tests, and dynamic displacement tests.



1. Static Loading Tests: The main purpose of static loading tests has been the verification, in
terms of stresses and deformations, of the effects due to the application of concentrated
loads in different points of the joint. Vertical and horizontal loads have been applied on the
fixed plate, on the dliding plates, and on the bridge plate in order to simulate the maximum
vertical load impacts and the maximum horizontal lateral forces transferred to the joint by
the tyres of the aircraft. Loads have been applied with a dynamic actuator of 1000 kN
capacity, in increments of 50 kN to a maximum vertical load of 466 kN. At each load step,
readings of loads, deformations, and strains have been recorded by means of a load cell,
displacement transducers, and strain gauges.

2. Fatigue Tests: Cyclical vertical and horizontal loads have been applied in different areas of

the fixed plate, of the dliding plate, and of the bridge plate in order to simulate impacts due
to landing and braking of aircraft during the entire expected life of the expansion joint.
10 million vertical load cycles and 2.5 million horizontal 1oad cycles have been carried out
for atotal of 12,500,000 load cycles. At 500,000 cycle intervals the joint components have
been disassembled for a full inspection of the wear conditions of the parts subjected to the
cyclical loads. (See Fig. 13).

3. Dynamic Displacement Tests. For these tests, the prototype of the joint has been tested
through dynamic-displacement-control waves of sinusoidal and seismic type, with different
amplitudes, frequencies, directions of application of the movement, durations, and spatial
set-ups. The movements have been applied by means of two dynamic actuators of 200 kN
load capacity and 1300 mm stroke, placed in longitudinal and transverse positions.

The expansion joint has been tested in five different set-up conditions. no rotation or
inclination (DA set-up), vertical upwards displacement equal to 20 mm (DB set-up), rotation
along the longitudinal axis equal to 0,01 radians (DC set-up), rotation along the transversal
axis equal to 0,01 radians (DD set-up), rotation along the vertical axis equal to 0,015 radians

(DE set-up).



For each test set-up, sine and seismic waves have been inputted, with a maximum of 1200
mm peak-to-peak movement in both the longitudinal and transverse direction. The
movements and loads in the two directions have been recorded during the entire duration of
the tests.
A total of more than 60 movement-controlled time-histories have been applied to the joint
during the dynamic displacement tests.
In the initial stage of dynamic displacement testing, three different types of hinges with
different design have been tested in order to verify the effects of the change of the radius-
chamfering on the friction generated between the slides and the bottom hinges surfaces.
At the end of the tests, the components of the joint have been disassembled and a detailed
inspection has been performed. In addition, aliquid penetration test on all the welding of the
joint hinges has been carried out.
In Fig.14, adiagram of the loads and displacements versus time recorded during a bi-axial dynamic
displacement test with seismic waves applied in two directions is shown. In al the tests in control
of movement, the prototype of joint has reacted with a load that has never exceeded 180 kN, either
in longitudinal or transverse directions.
Static loading tests have demonstrated the capability of al the main structural components of the
joint of supporting the maximum design loads without showing any sign of failure or permanent
deformations. During all the load tests, the maximum strain recorded on the hinge of the sliding
plate has been equal to 685 | , thus leaving the component in the elastic field, well below the
plastic limit of the materia. (See Fig. 15).
All the tests performed on the prototype of expansion joint have demonstrated the full capability of
the joint to bear the rated loads and movements even in the worst earthquake event conditions, and

to maintain its performance characteristics during the whole expected life of thejoint.
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CONCLUSION

Design and testing of the expansion joints for the Haneda Airport have been a great challenge. To
the knowledge of the authors, it is the first time that an expansion joint has been subjected to such a
complete testing program, imposing displacements up to 1,2 meters in both directions at a velocity
upto1,5m/s.

The construction of the joints will start very soon, and will require the use of approximately 6000
ton of steel and, will last two years.

The installation of the joints will involve approximately 40 persons for a period of around 40 weeks
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Fig. 3. Plan view of the new runway island of the Haneda Airport

Fig. 4. Theroller shutter joint R 1200/1200 at maximum opening

Fig. 5. Theroller shutter joint R 1200/1200 at inter mediate opening



Fig. 6. Theroller shutter joint R 1200/1200 at minimum opening

Fig. 7. FE Modé€ of the dliding plate

Fig. 8. FE Mode of the bridge plate

Fig. 9 Detail of the hinges of the R joint

Fig. 10 Detail of the DP joint
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Fig. 11 — Dynamic longitudinal actuator for the application of the horizontal load during the
fatigue tests.

Fig. 12— Test structure and dynamic actuator | Fig. 13 — Performance of fatiguetest in FV1
for the application of the vertical load during | position (centre of fixed plate): for each

the static and fatigue load tests. position more than 2.500.000 landing
simulations have been carried out.
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Fig. 14 — Diagram of longitudinal and transversal loads and displacements obtained during a
bi-axial dynamic displacement test with seismic waves applied simultaneously in both
longitudinal and transver sal direction.
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Fig. 15 — Diagram of the strain gauge readings as a function of the vertical applied load
during a static loading test on one hinge of the diding plate.
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