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ABSTRACT

The joint-less bridge concept has recently become a topic of remarkable interest among bridge
engineers, not only for newly built bridges but also for refurbishment processes. This type of bridge
offers various advantages over standard bridges with abutments, equipped with expansion joints and
bearings that require regular inspection and maintenance. Moreover the Integral abutment bridges seem
to show a better seismic behavior compared to traditional systems with expansion joints, roller supports,
and other structural releases which permit thermal expansion and contraction, creep, and shrinkage.

Several guidelines for the design of IABs have been published in the last few years. The main idea is
to introduce designers to this kind of structures thereby limiting the total length, skewness and
inclination of the deck.

The maximum length usually recommended for this kind of structures is around 100 m or less. This
limitation is derived from the difficulties introduced by the need to control the soil-structure interaction
for imposed temperature variations in particular between the transition slab and the embankment, which
is the main factor affecting increasing the overall length of the structure. Achieving the maximum length
attainable with this kind of structure is intrinsically related to a thorough understanding of the
soil-structure interaction behind the abutments or next to the foundation piles.

Some research studies have been conducted on the soil-structure interaction effects in IABs
subjected to thermal variations and live loads, but the research studies concerning the seismic
performance are still scarce.

The paper deals with the research state of art and the next developments on joint-less bridges in
SIBERC Research Center, including the following aspects: a) static and dynamic soil-interaction though
theoretical studies and experimental (shaking table) tests; b) geometry of the transition slab and detailing
for the connection between the bridge deck and the transition slab based on the limitation of the
settlement of the pavement at the end of the transition slab and on the cracking of the pavement between
the bridge deck and transition slab; c) analytical method to achieve the maximum length of 1ABs.

Bruno Briseghella, Director SIBER Research Center, Professor College of Civil Engineering, Fuzhou
University, No. 2 Xue Yuan Road, University Town, Fuzhou, 350108 - Fujian, China
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INTRODUCTION

The integral abutment bridge concept has recently become a topic of remarkable interest
among bridge engineers, not only for newly built bridges but also for refurbishment processes
(Briseghella and Zordan, 2006). It is, incidentally, not a newly developed concept as its
formulation dates back at least to the 1930s and was introduced to deal with long-term
structural problems frequently occurring with conventional bridge design.

The original IAB concept was not well managed at that time and caused numerous
problems relating to the post-construction life of the structure as a result of the specific type of
design and the soil-structure interaction problems that still represent a challenging issue
requiring a close cooperation between structural and geotechnical engineers.

The TAB concept, with the elimination of bearings and expansion joints, has proved to be
effective in reducing the overall costs during the lifespan of the bridge, as studied by many
authors (Peng et al., 2006), see table 1.

TABLE I. COMPARISON BETWEEN THE NET PRESENT VALUE OF A CONVENTIONAL
BRIDGE (A) AND THE CORRISPONDING INTEGRAL BRIDGE (B)

Costs of Strategy A and Strategy B (Unit RMB)
Strategy A Strategy B

Initial Costs 90,000 128,000
Maintenance Cost 21,482.18 0
Replacement of expansion joint cost 169,980.8 0

User cost (traffic interrupted) Closed Smooth

Social cost Not included None
Total cost 281,482.97 128,000 (45.5%)
Note: Maintenance action for every year. Replacement time of bearings and expansion joints is considered
to be 10 years. The analysis period is assumed to be 50 years and the discount rate 4 %. [Peng et al., 2006]

The connection between the super-structure and the substructure responding as a frame
structure makes IABs different from other conventional bridges and allows for a remarkably
increased robustness [Potzl and Schlaich, 1996], with an improved response during seismic
and other extreme events. The system constituted by the substructure and the super-structure
can achieve a composite action responding as a single structural unit; this principle is
applicable also while converting existing simply supported bridges into IABs.

Monolithic structures offer a number of advantages and have the following characteristics:
a) redundant; b) compact (minimizing the surfaces of structural elements); c) stress-flow
oriented design; d) durability.

It would be rather naive, though, to consider this kind of structure as “maintenance-free”
as the IAB concept indeed suffers from an intrinsic and fundamental flaw deriving from the
need to accommodate the different displacements between superstructure and soil, mainly by
seasonal fluctuations of air temperatures. Also, as for other statically undetermined structures,
the effects of temperature changes have to be carefully evaluated. The large number of
uncertainties involved in the design and analysis of [ABs, such as on-site real temperature
conditions, soil mechanical characteristics and others, indicate that for this kind of structures,
parametric analyses are particularly useful in assessing the expected structural response.

Recently some research studies on joint-less and integral abutment bridges have been
developed by the “Sustainable and Innovative Bridge Engineering Research Center” (SIBERC)
of Fuzhou University. In particular the following aspects are now under discussion: a) static
and dynamic soil-interaction though theoretical studies and experimental (shaking table) tests;
b) geometry of the transition slab and detailing for the connection between the bridge deck and
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the transition slab based on the limitation of the settlement of the pavement at the end of the
transition slab and on the cracking of the pavement between the bridge deck and transition
slab; ¢) analytical method to achieve the maximum length of [ABs.

The paper deals with the research state of art and the next developments on joint-less
bridges in SIBERC Research Center.

MAXIMUM LENGTH OF INTEGRAL ABUTMENT BRIDGES

Research Group: Prof. Bruno Briseghella (Fuzhou University), Prof. Tobia Zordan (Bolina
Ingegneria), Dr. Cheng Lan (Bolina Ingegneria), Dr. Junging Xue (Fuzhou University), Dr. Leqgia He
(Fuzhou University).

Several guidelines for the design of IABs have been published in the last few years. The
main idea is to introduce designers to this kind of structures thereby limiting the total length,
skewness and inclination of the deck. The maximum length usually recommended for this
kind of structures is around 100 m or less. This limitation is derived from the difficulties
introduced by the need to control the soil-structure interaction for imposed temperature
variations: this is the main factor affecting increasing the overall length of the structure.

Conservative maximum length limits have been adopted for integral abutment bridges
(IABs) because there is little analysis and design guidance. In addition, experience with IABs
at increased lengths is largely not available.

A short review of the IABs length limitation prescribed in different countries is presented
in the following.

A) USA

Because IAB behavior is complex, short- and long-term response is difficult to predict and
consequently, a relatively conservative approach to design and analysis has been adopted by
many Administration as the state Department of Transportation (DOT) (Arockiasamy et al.,
2004; Kunin et al., 2000). Presently, the American Association of State Highway and
Transportation Officials Load and Resistance Design Manual (AASHTO LRFD) do not have
explicit IAB analysis or design guidelines and stated maximum length. Policies for maximum
IAB length vary from state to state (see table 2) and maximum IAB length is usually limited
by the maximum thermal movement allowed and empirical data collected from in-service
[ABs.

Tennessee has the longest IAB length limit of 244 m for prestressed concrete girder IABs.
However, Tennessee also holds the US record for the longest IAB constructed, which has a
length of 358 m. States such as Colorado and Oregon have also constructed IABs with lengths
of 339 and 336 m respectively (Laman, 2006).

TABLE II. MAXIMUM LENGTH PRESCRIBED BY SOME AMERICAN STATES GUIDELINES
(Nikravan and Sennah, 2011)

State/Province | Concrete Bridges | Steel Bridges | Maximum Allowable Skew Angle
Colorado 241 m 195 m 30
New York 200 m 200 m 30
South Dakota 213.5m 106.8 m 30
Tennessee 358 m 152 m 30
Vermont 210 m 119 m 20
Iowa 175m 122 m 30
Ontario 150 m 150m 20
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B) Canada

Following the “Ontario Ministry of Transportation (MTO) guidelines” (Husain and
Bagnariol, 1996) the proposed limits are:

L <150 m for IABs with small skew angle

C) Switzerland

Guidelines of the Swiss Federal Roads Office (FEDRO), edition 1990, established as a
general rule (Kaufmann et al, 2011) that expansion joints be avoided for bridges with lengths
up to a range of 30 to 60 m. As a consequence, integral and semi-integral concrete bridges
have become well established construction types in Switzerland. In effect, today more than
40% of the existing bridges on the FEDRO network are (semi-)integral structures, a
considerable amount of them even exceeding the stipulated maximum bridge length. The
Swiss experience with integral bridges is mainly positive, both in terms of construction and
maintenance.

Following this aim, in the current revision of the FEDRO Guidelines, the design
provisions for integral bridges have been substantially refined and extended to allow for wider
applications, including specific guidance for semi-integral bridge ends.

D) UK

Following the UK Design Manual for Roads and Bridges (DMRB), BA 42 “The Design of
Integral Bridges (1996)”, at the transition between the surfacing on the bridge deck and the
pavement beyond the bridge, expansion/contraction should be usually accommodated by an
asphaltic plug joint (Iles, 2006).

The maximum total movement range for such joints is stated in BD 33 as 40 mm, which
effectively limits the length of an integral bridge to 80 m (the design thermal strain given in
BA 42 is £0.0005).

E) Italy

In Italy there are not specific codes or guidelines for Joint-less Bridges, but recently The
Italian National Road Administration with University [UAV of Venice and Fuzhou University
have developed a research study on the application of this typology for retrofitting of existing
bridges up to 150 m.

Even if the above limitations have been adopted by many guidelines, it has been proved by
Zordan et al., 2011, that the maximum allowed length for IABs can be more than 500 m.

Achieving the maximum length attainable with this kind of structures is intrinsically
related to a thorough understanding of the soil-structure interaction behind the abutments or
next to the foundation piles.

The research under development by the SIBERC deals with the possibility of achieving
super-long IABs, considering the following parameters: a) bridge geometry in plan: b) spacing
of piers (span) and typologies of piers; c) shape of the deck; e) types of foundation; f)
soil-structure interaction.

In the following section an analytical formulation for calculation of the maximum length is
proposed taking as reference a multi span concrete integral abutment bridges (Zordan and
Briseghella, 2007) with a length of 400 m built in Verona, Italy. Finally a structural
optimization technique is used to study the optimal shape for the piles to get longer IABs
bridges.

Analytical formulation
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On the basis of Isola della Scala Bridge (see Fig. 1 and Fig. 2) considering the abutment
strengths and piers capabilities, therefore, the analytical length limit for integral abutment
bridge is investigated as following.
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Figure 1. Elevation plans of Isola della Scala Bridge.
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Figure 2. Typical cross section of Isola della Scala Bridge (unit: 102 m).

For a general case, the following parameters are considered: E = elastic modulus of the
girder concrete; A = area of the cross section of girder, the same L = span length for all
spans; K; = stiffness of i-th pier top.

Firstly, the case of an odd number of spans is considered. The results obtained will be
then extended to the case of an even number of spans.

For an odd number of spans, namely ns = 2n — 1, considering the symmetry of the
bridge and starting from the central span , the forces and the deformations involved in the
equilibrium and compatibility conditions for all the spans are listed in.
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Figure 3. Horizontal Forces of Each Span.

For the 1% central half span, from compatibility equation and horizontal force
equilibrium the following equations can be derived:

N, :EA[aAT—%j (1
N, =N, -V, = EA(GAT —%J ~K,AL, ()
Similarly for the 2™ span:
N, = EA(aAT —%j 3)
N, =N, -V, = EA [aAT - %j - K,AL, 4)

From Egs. (2) and (3), the relation between the displacements of 2™ and 1 pier tops
can be expressed as:

K.L
AL, = [3 + E—1Aj AL, (5)
And for i-th span (3 <i<n), similarly it is found:

AL, = (2 + %} AL, - AL, (6)
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Therefore, for span number ns=2n — 1:
AL, i=1
K.L
AL =<3+ |A j=2 7
(e , ™

EA
For an even number of spans, namely ns = 2n, similarly it is found:

(2+MJAL” “AL, 3<i<n

KL -
AL = (2+EJAL1 i=2 (8)

Equations (7) and (8) can be generalized as:

AL, =c,AL, 9)

Where, ¢; is the constant function of Kj.;, L, EA: ¢j=fj ( Ki.;,L / EA) for different i and ns.
Creep and shrinkage can be considered modifying elastic modulus E as well as concrete
cracking can be taken into account locally acting on the same parameter. The parameter
expressing the longitudinal horizontal stiffness of the piers K; needs to be considered
properly as described in Lan, 2012.

And, from the compatibility condition on the n-th span, it is obtained:

N, = EA(O{AT _AL AL, J

_ EA[aAT (e, —cm)%J (10)

Therefore, given a certain temperature load AT and span number ns, using Egs. and
substituting, the displacement AL; can be obtained as for Eq.(11) and AL, then can be
calculated as Eq.(12)

EAGAT —n V, - %KOyHbzwb
AL, = L (11)

EA(c,-c,,)+ %kpcnyHwab
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1
EAaAT —n,V, - KoyH,*w,

AL, = 1 2 cL (12)
EA(c,-c,,)+ EkpchHbLWb

The relation curves between displacements and the total number of spans are calculated
and shown in a qualitative way in.
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Figure 4. Relations between Displacements and Number of Spans.

However, for large displacements in abutments, although the plastic hinges have formed
in piles in earlier stages they still can channel remarkable internal forces, especially for the
case of integral abutment bridges. It's possible that the critical shear or bending moment in
abutments would be reached under the movement of abutments and earth pressure on them
(Bozorgzadeh, 2007), before piers reach their rotation capability. From the force equilibrium
in the abutment, assuming the section positions of maximum shear and bending moment as
shown in (Erhan and Dicleli, 2009), the critical internal forces can be obtained as:
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Figure 5. Forces on the Abutment.
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lesv[Hbz—(hD+d)2Jwb+anp (13)

a,cr — Yamax 2

* 3 2

M,, >M

i w, +n,[M,+V,(H-hy)] (14)

FromEgs. (13) and (14) , taking the example of positive temperature variation before the
backfill passive pressure would reach the plastic phase, the limits of AL, on the basis of
abutment strength capability, are expressed as follows:

AL, < 2(Va —n,,V,,)th,, _ KA, (15)
kpy[Hbz —(hy+d) Jwb k,

M, H, -n,H,[M,+V,(H,-hy)] KH,

Ky (H, -hy,)’ . hy (H, —hy)? w k,
3 2

AL <

n

(16)

Therefore, controlling the limits of ALn the corresponding ns can be found from the curves in
4b. Hence, the overall length could be easily obtained as: Ls =ns L.

The search for the limit length of an integral abutment bridge has to be referred to the
boundary conditions and the geometrical and mechanical properties of the structure considered.
In the present study the parameters affecting the design of the 400 meters long Isola della
Scala Bridge were taken as a reference being this bridge, as for the knowledge of the authors,
the longest integral abutment bridge ever built.

Therefore, besides the parameters of Isola della Scala Bridge, the following reference
parameters were considered: pier rotation capacity of Opr = 0.0050 rad, abutment flexural
capacity of Ma, cr = 50 MNm, and shear capacity of Va, cr = 10 MN. The mentioned values
were used in the previous equations as limit values. And the temperature variation of +20°C as
ultimate load condition was considered (passive earth pressure on the abutment). The solution
obtained from the modified analytical formulation is presented in and compared to the case of
free expansion.

0.09 T T

0.08 . abut. shear capacity
| |

|
|
0.07 —e— Formulation Modified : -
0061 ‘ ..... Free Fxpanslon‘ ‘:
| | | B |
€ 005; abut. flex. capacity ——— =" PR
~ ' | S | |
s ier rot. capacity - —_.— — ——
< o004t P paciy™

|
e
o
|
|
|
|
|
1

|
|
|
|
|
|
g
|
|
1
5 10 15 20 25 30
spans number ng

Figure 6. Thermal Displacements of Different Span Numbers Based on Isola della Scala Bridge.

It can be seen that, due to the boundary conditions affecting the analysis, the maximum
number of spans would have been limited to ns = 18 due to the pier rotation capacity. Hence,
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under the assumptions and the approximations introduced, the overall length limit of this type
of bridge would be L = 540 m.

Despite the common practice to design IABs to cover rather limited lengths, it has been
proved that this kind of structures is suitable also for longer bridges. IABs must be
nevertheless still considered as has always been done, as low-cost bridges built with common
building materials and possibly with the use of pre-fabricated elements: with reference to these
characteristics, super-long IABs are defined as those close to the limits deriving from the use
of conventional building materials under the design boundary conditions given by the
mechanical properties of the soil.

The introduction of parametric analyses in the design practice to take into account the
presence of uncertainties related to the thorough understanding of the soil-structure interaction
leads to more reliable solutions with positive effects in terms of overall maintenance costs
during the lifespan of the bridge.

An analytical formulation suitable to assess the overall limit length for an IAB given the
single span length and the general boundary conditions was proposed in this paper for the case
of positive temperature variation. Similar results can be obtained in the case of negative
temperature variations. The solution is highly affected by the characteristics of the bridge and
the method proposed is still under development: the exact definition of the coefficients ci =
fi(Ki—1L/EA) for different i and ns has to be thoroughly investigated for different cross
sections, abutment and pier layouts, type of piles, soil properties and other factors (skew, and
SO on).

Nevertheless it has been proved that for a very conventional and low-cost bridge such as
the Isola della Scala Bridge in Verona, Italy, built with prefabricated pre-stressed beams and
common construction materials, an overall maximum length of more than 500 m can be
theoretically reached.

Optimal Pile Shape

In integral abutment bridge, piers and abutments generally need not be designed to resist
horizontal loads applied to superstructures (Burke, 2009). In fact, the horizontal loads are
distributed complicatedly due to the interactions of soil-abutment and soil-pile, where the
backfill earth pressure may take the larger proportion of 74%~88% of the applied load while
shear force at the top of pile may take the small proportion of 12%~26% (Arsoy et al., 1999).
This distribution might be caused by the geo-phenomenon of "ratcheting" (Horvath, 2004).
Meanwhile, the displacement at the top of the pile nearly equals to the displacement at the top
of stub-type abutment. Therefore, the piles should be designed to have the ability to
accommodate the certain (lateral) shear force and large thermal-induced displacement. The
current design optimization on piles shows that lateral loaded pile could be optimized for
better performance with less material. With this purpose, the piles of integral abutment bridge,
especially concrete piles, with fixed or pinned connection to the abutment, are going to be
optimized with less material without failure in materials through a proposed design
optimization approach.

For the laterally loaded piles, the beams surrounded by soil and laterally loaded at the top,
are used as foundation structures usually with no or negligible axial loads, like, for example, in
bridge abutments, retaining walls, off-shore wharfs, and the foundation piles of wind
generators (Bowles, 1996). One of the simplified models in technical fields is to consider the
laterally loaded beams surrounded by different materials to behave as beams in a Winkler
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medium, where earth pressure can be expressed as Terzaghi's equation Eq. when kh is
constant.

Through fully stressed design (FSD) method with finite element method (FEM), the
iterations of structural analysis and mass distribution would found out the optimum solution
with minimum weight. And this kind of heuristic method has been used to optimize the beam
length and section dimension as shown in .
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Figure 7. Shape of Fully Stressed Beam with Figure 8. Model of the R/C Bored Pile Made Up of
Optimum Length. Two Parts.

However, in fact, the best mass distribution of laterally loaded piles is not achievable for
real piles due to the difficulties in fabrication and shape casting as such a distribution should
continuously change along the pile. Thus, for R/C bored piles, for example, the best mass
distribution that can be achieved, by realizing bored piles with two parts with two different
diameters. The problem to be solved is then how to design it, that is which diameter and length
chose for the upper and lower part respectively.

Besides, piles in different conditions and different structures, the design principles or
objectives would be different. Most of the piles are required to have less displacement of pile
head under the same loading (or saying stiffer) with the same or less pile length or volume, in
purpose of making better use of materials. Based on the global optimization algorithm, the
frame of optimization approach is illustrated as following flowchart in. In the presented
procedure, it is collaborated with main coding program of MATLAB and finite element
modeler and solver of OpenSees. The finite element modeling in OpenSees and its advantage
in saving computation time will be introduced in next section.

In this procedure, based on the optimization description, firstly, the design variables were
assigned. Then their values were wrote to file and passed to subroutines that computes the
objective function and constraint function, where, the finite element modelling and solving
part might be called according objective and constraint required. Based on these loops of
creating design variables (DV) then calculating constraints (SV/CON) and objectives (OBJ),
the sampling of the optimization problem was passed to the "Global Optimization" setup.
Then, by setting some control parameters of global search, such as variables tolerances,
maximum iteration number and search step size, coupled local minimizers would be launched,
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until the converged optimal solution was found, or an unconverged results if tolerances or
maximum iteration numbers were reached.

The most common method used for the numerical analysis of piles under lateral loads is
the p-y method. In this method, the three-dimensional (3D) laterally loaded pile problem is
analysed by using a beam on nonlinear Winkler foundation (BNWF) approach in which
uncoupled one-dimensional (1D) springs are used to describe the soil-pile interaction.
Therefore, despite known shortcomings inherent to the method, the p-y approach can be used
successfully in many types of lateral pile analysis. To this purpose, Finite element simulations
were conducted using the open-source FE framework of OpenSees (The Open System for
Earthquake Engineering Simulation) (OpenSees, 2011). Embedded in this open-source
software, the soils materials models are based on API recommendation and fibre section is
available for building pile concrete sections. Besides, the important advantage of OpenSees is
that it can easily interact and exchange the data with MATLAB through file operations during
the process of optimization. The model was adapted from a simple example of OpenSees - a
beam on a nonlinear Winkler foundation (BNWF) (McGann and Arduino, 2011; McGann et
al., 2011), and then developed by applying fibre section and non-linear materials properties.
Besides, in the example of optimization of integral abutment bridge pile design, the pile of
Isola della Scala Bridge was taken from the global model; the forces obtained on the pile head
were applied as the loads on pile; the same soils condition was considered; the geometry and
section properties were all taken as starting values for optimization. In the model of the
laterally-loaded pile problem, displacement-based beam elements are used to represent the pile
and a series of nonlinear springs to represent the soil. The soil springs are generated using
zero-length elements assigned separate uniaxial material objects in the lateral and vertical
directions. An idealized schematic of the laterally-loaded pile model is provided in Fig. 10,
and the optimized profile comparisons are listed in Fig. 11 and Fig.12.
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SHAKING TABLE TEST ON RIGID SOIL CONTAINER WITH ABSORBING
BOUNDARIES: SSI

Research Group: Mr. Marco Rinaldi (Master Student, University of San Marino, San Marino), Prof.
Francesca Dezi (University of San Marino, San Marino), Prof. Bruno Briseghella (Fuzhou
University), Dr. Junqing Xue (Fuzhou University), Prof. Yizhou Zhuang (Fuzhou University), Prof.
Baochun Chen (Fuzhou University), Prof. Tobia Zordan (Bolina Ingegneria).

Past earthquake events demonstrate (Chau et al., 2009) that damages in piles (see Fig. 13)
are commonly induced during moderate to strong earthquakes. Mizuno (Mizuno, 1987)
prepared the earthquake induced damages of piles reported in Japan from1923 to 1983,
including those of the great Kanto earthquake. Damages in pile have been observed during the
1964 Niigata earthquake, the 1964 Alaska earthquake, the 1985 Mexico City earthquake, and
the 1989 Loma Prieta earthquake (Meymand, 1998). More recently, severe damages in piles
were also reported during the 1995 Kobe earthquake (Matsui and Oda, 1996) and the Tohoku
earthquake.

Figure 13. Piles failures during earthquakes (Tohoku earthquake).

Civil structures are usually large in size and their response and performance under strong
earthquakes cannot be meaningfully tested in an ordinary lab or in the field. Testing should be
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of large-scale, if possible of real-scale specimens. It often has to be combined with heavy
advanced computations, integrated with the large-scale experiments to complement them and
extend their scope. An important consideration in laboratory dynamic soil structure interaction
study is to replicate the semi-infinite boundary condition in the soil container (Lombardi and
Bhattacharya, 2012). This is usually done by using a rather expensive arrangement of the side
walls of the box (Fig. 14).

550 1190

\ |

814

Aluminium box section
Sheet .
spring Rubber U-section - __ |

steel

Figure 14. Shear box: (a) cross-section; (b) long section and (c) long section during testing and
instrumentation layout (Pitilakis et al, 2008).

In the proposed experiment, a simplified economic layout is proposed following a rigid
soil container with absorbing boundaries used at the Bristol Laboratory for Advanced
Dynamics Engineering (BLADE) (Fig. 15). The model is designed to replicate real stratum of
sand subjected to one-dimensional shaking applied to the bedrock. In order to minimize the
reflection and generation of P waves from the artificial boundaries, absorbing materials will be
placed at the end-walls. The set-up of the test will be very simple and the conclusions will be
taken step by step, so it’ll be possible order to study the effective beneath of using absorbing
materials. A two meters in length steel pipe fixed at the bottom of the box will simulate one
pile embedded in the bedrock.

Figure 15. Rigid soil container with absorbing boundaries used at the Bristol Laboratory for Advanced Dynamics
Engineering (BLADE). A soft material, namely conventional foam was applied at both end-walls of a small soil
container (Lombardi and Bhattacharya, 2012).

The Pile-Soil-Structure Interaction (PSSI) can be computed (Mylonakis et al., 1997) as the
superposition of two effects: (1) a so-called kinematic interaction effect (sometimes also
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referred to as “wave scattering” effect), involving the response to base excitation of a
hypothetical system in that the mass of the superstructure is set equal to zero; (2) an inertial
interaction effect, referring to the response of the complete pile soil structure system to
excitation by D’Alembert forces associated with the acceleration of the superstructure due to
the kinematic interaction.

To study the kinematic and inertial interaction effect a shaking table test on a pile
backfilled in sand inside a box will be done. In the first phase (1) the kinematic interaction and
far field condition will be studied in order to know the behavior of absorbing boundaries
(foam) and the conditions of the soil inside the box. In the second phase (2), different masses
will be added on the pile and the inertial interaction will be investigated. In the third phase (3),
the setup of the experiment will be changed in order to study the beneath of using damping
materials near the top of the pile in dissipation energy during earthquakes.

Test Set-up

The following tests phases will be performed:
I) PHASE I (Fig. 16)
With this set up is possible to study:
-Beneath of foam sheet in order to simulate the semi-infinite boundaries condition in soil
container:
1) comparing accelerations data inside, near and outside the soil;
i1) shaking in orthogonal direction comparing displacement with and without absorbing
foam -Far field condition without disorder of pile:
ii1) calibrating the model with literature values;
iv) doing seismic and preliminary analysis on sand; -Kinematic interaction (only to
pile-sand interaction):
v) evaluating the bending moment values on the pile that are not linked to superstructure.

_~phi 10 ste pile
-

Foam =~

Sand

Ml steelplate

- Sleal floor

T

Figure 16. Phase I set-up

IT) PHASE II (Fig. 17)

With this set up is possible to study:

i1) studying displacements near the pile;
-Comparisons between different loading condition:
iil) effects on pile deformation;

1v) soil reaction under increasing of system stiffness;
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-P-y curves in order to evaluate the dynamic behavior of the soil:
v) dissipation of energy during the seismic loading (reduction of damping curves)
vi) shear modulus and shear wave velocity degradation.

—LDifferent masses

Figure 17. Phase II set-up

I1I) PHASE 1II (Fig. 18)

In PHASE III the setup of the test will be little changed digging a hole around the pile and
put inside some damping materials. With this set up is possible to study:

-Benefits of distribution of different materials on the soil damping curve;

-Different shapes and depth of hole optimization.

Figure 18. Phase III set-up

IV) PHASE 1V

It seems to be important to study the behaviour of the box in direction of the motion in
order to validate the FEM model and to get some important information for the following tests.

V)PHASE V

Finally all the collected data of the tests will be checked and compared with software like
FEM and spreadsheet in order to have a full picture of what happen along the development of
tests.
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CONCLUSIONS

The research on Joint-less bridges developed inside the ‘“Sustainable and Innovative
Bridge Engineering Research Center” (SIBERC) of Fuzhou University has been briefly
introduced in the paper. In particular the maximum length and the optimal piles shape for a
typical integral abutment beam bridge has been discussed. More research is needed to
investigate the influence of different parameters as: a) bridge geometry in plan: b) spacing of
piers (span) and typologies of piers; c) shape of the deck; d) types of foundation; e)
soil-structure interaction on the maximum length.

Finally a rigid soil container with absorbing boundaries developed to study the
Pile-Soil-Structure Interaction (PSSI) with the so-called kinematic interaction effect and the
inertial interaction effect though shaking table tests has been introduced.
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