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Preface

Madrid, 20 de Junio de 2018,

La dinámica estructural es un campo de interés común y de importancia creciente en diversas
especialidades de la ingeniería y de la ciencia. Mientras que en algunos campos como las máquinas o
los vehículos de transporte ha sido siempre un elemento básico, en otros como la ingeniería civil y la
arquitectura, más preocupados tradicionalmente con la estática, se ha convertido en un aspecto muy
relevante.

Esta primera conferencia a nivel nacional pretende ser un foro en el que tengan cabida los trabajos de
investigación, desarrollo y aplicaciones, permitiendo la discusión, difusión, contacto con otros grupos y
establecimiento de colaboraciones. Se organiza con proyección internacional y europea, contando con
el apoyo de la European Association for Structural Dynamics (EASD) organizadora de los congresos
EURODYN, así como con el apoyo de la Sociedad Española de Métodos Numéricos (SEMNI).

La participación incluye tanto trabajos basados en métodos teóricos y computacionales como
experimentales. Por otra parte abarca todos los campos de la dinámica estructural, como son la
ingeniería mecánica, el transporte, ingeniería civil y arquitectura, ingeniería sísmica e ingeniería de
materiales. Aunque ubicados en especialidades de ingeniería distintas todos estos campos comparten
conceptos y métodos comunes de dinámica.

Esta primera conferencia pretende iniciar una serie que se desarrolle de forma periódica. Asimismo
se propone constituir una Asociación Española de Dinámica Estructural que articule las actividades
de colaboración y difusión, y que sirva de interlocutora con otros órganos nacionales e internacionales
como la EASD.

Desde el comité organizador queremos dar la bienvenida a todos los participantes y ponernos a
disposición para el desarrollo de la conferencia.

José María Goicolea Ruigomez

Catedrático de Universidad,
ETS de Ingenieros de Caminos,

Universidad Politécnica de Madrid
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Abstract. A time-harmonic numerical model for the direct dynamic analysis of piled structures including
soil-structure interaction effects is presented in this work. Superstructures are defined as a combination
of beam and shell finite elements with the possibility of including concentrated masses and inertias.
The soil-foundation interaction is limited to the one produced along the pile shaft and is modelled by a
formulation based on the integral expression of the reciprocity theorem in elastodynamics and the use of
specific Green’s function for the layered half space. In this formulation, piles are modelled as Timoshenko’s
beam finite elements and treated as load lines acting within the soil. The coupling between piles and
superstructures is made by imposing equilibrium and compatibility conditions at the shared pile head
nodes. Because of the employed soil formulation, the resulting model only involves variables related to
the structural or pile nodes, omitting any discretization of the surrounding soil. The present model was
originally developed for the seismic analysis, including soil-structure interaction effects, of offshore wind
turbines structures with pile foundations. However, its general formulation allows the computation of the
dynamic response of any typology of piled structures (or group of structures) taking dynamic soil-structure
interaction and wave propagation through the layered soil into account.

Key words: Soil-Structure Interaction, Integral Model, Finite Elements, Direct Approach, Layered Soil

1 INTRODUCTION

Pile foundations are commonly used in bridge
piers, tall buildings and marine constructions.
They are specially useful in soils where the super-
ficial layers present low bearing capacity and to
transmit large horizontal loads to the terrain.

Generally, when analysing the response of piled
structures, substructuring approaches are used.
They include the stiffness and filtering effects of
the foundation through impedance functions and
kinematic interaction factors, respectively. How-
ever, piled structures can also be analysed through
direct models that compute, in one single step, the

1
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coupled response of the structure and foundation.
In this work, a direct model for the dynamic analy-
sis of piled foundations in layered soils is presented.

2 MODEL OVERVIEW

The proposed three-dimensional model is formu-
lated in the frequency domain, within the scope of
linear elasticity. The structures and piles are mod-
elled through finite elements, while the interaction
between the piles and soil is represented through
distributed forces acting along load lines inside the
soil domain. The coupling between the foundation
and the structural elements is made by imposing
compatibility (in terms of nodal displacements and
rotations) and equilibrium (through pile-structures
coupling reactions) conditions. The system can be
excited by body waves that propagate through the
layered soil from a far-away source. The material
damping for all components is assumed to be hys-
teretic, through the definition of complex elastic
constants.

Figure 1: Sketch of the model.

The model and its different components are
sketched in Fig. 1. In the following sections, the
formulation of each part of the system (i.e., struc-
tures, foundation and seismic excitation) is briefly
detailed. Once the equations of each of them are
considered, and the proper boundary conditions
are imposed, a linear system of equations (LSE) is
obtained that can be solved to compute the struc-
tural and foundation response. This system has
the form:

A
{

ūp, q̄p, F̄pb, ūb
}T

= B(b.c., F̄b
ext, ūI) (1)

where A is the matrix of coefficients of the LSE;
the unknowns of the system correspond to the
pile nodal displacements and rotations ūp, the
nodal values of the soil-pile interaction tractions
q̄p, the pile-structure reactions F̄pb and the struc-
tural nodal displacements and rotations ūb; and B
is the vector of known coefficients obtained from
the boundary conditions (b.c.), the external forces
acting over the structures F̄b

ext and the nodal dis-
placements of the incident field ūI. Note that the
proposed model, despite including soil-foundation
interaction effects, presents no variables related to
any soil discretization.

3 STRUCTURES MODEL

The analysis of the superstructures is conducted
by a finite element (FE) representation of them.
Unidimensional (beam) and bidimensional (shell)
elements can be freely combined, with the only re-
striction that the different elements have to be con-
nected through their nodes.

Six degrees of freedom per node are considered
corresponding to the three displacements and the
three rotations in the space. For the beam el-
ements, 2-noded elements are used. Cubic and
quadratic shape functions that satisfy the static
governing equation of the Timoshenko’s beam [1]
are considered for the lateral behaviour, while lin-
ear shape functions are used for the axial and tor-
sional modes. On the other hand, 4-noded and
9-noded Mixed Interpolation of Tensorial Compo-
nents (MITC) shell elements [2, 3] are used for
the bidimensional elements. In addition to the
afore-mentioned elements, additional concentrated

2
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masses or moments of inertia can be included at
the structural nodes.

By assembling the elemental stiffness and mass
matrices of all structural elements, the FE equa-
tions can be written as:

(
Kb − ω2Mb

)
ūb = F̄b

ext + F̄pb (2)

where Kb and Mb are the global stiffness and mass
matrices of the structure, and ω is the excitation
circular frequency.

4 SOIL-PILE MODEL

The soil-pile model corresponds to the integral
model previously presented by the authors for the
analysis of pile foundations [4]. In this model, the
soil behaviour is obtained from the application of
the integral expression of the reciprocity theorem
in elastodynamics and the use of specific Green’s
functions for the layered half space [5]. In the
soil equations, piles are reduced to unidimensional
load lines, and the interaction phenomena are taken
into account through distributed forces along these
lines, avoiding any meshing of the pile-soil inter-
faces. On the other hand, the use of the layered half
space Green’s functions that already satisfy the
free-surface and layer interfaces conditions, avoids
any meshing of the soil contours. The additional
stiffness and mass introduced by the piles are taken
into account through their FE equations, which are
coupled to the soil equations by imposing compati-
bility and equilibrium conditions. In the following,
each part of the foundation system is detailed.

4.1 Pile finite element equations

For the pile discretization, the same beam el-
ements than the ones used for the structures are
considered. In addition to the 6 displacements and
rotations, 3 extra unknowns per node are included
corresponding to the nodal values of the soil-pile
interaction tractions acting over the piles. Linear
shape functions are used to model these interaction
tractions inside each element. The corresponding
FE equations are:

(
Kp − ω2Mp

)
ūp = Qpq̄p − F̄pb (3)

where Kp and Mp are the global stiffness and mass
matrices of the piles, and Qp is the global matrix
that transforms the distributed loads into equiva-
lent nodal loads.

4.2 Soil equations

The integral expression of the reciprocity the-
orem in elastodynamics once the boundary condi-
tions of the Green’s functions and the studied prob-
lem are considered results in:

uκ =

∫

Γp

u∗qs dΓp (4)

where uκ is the vector containing the three dis-
placements of the collocation point κ, Γp denotes
the load lines representing the piles, u∗ is the ten-
sor containing the fundamental solution in terms
of displacements and qs is the vector of soil-pile
interaction distributed loads acting over the soil.

Applying Eq. (4) to all pile nodes, and consid-
ering linear shape functions to discretize qs inside
each pile element, the following LSE is obtained:

ūs = Gsq̄s (5)

where ūs is the vector of soil displacements at the
pile nodes, Gs is the influence matrix obtained by
Gaussian integration of the fundamental solution
times the linear shape functions, and q̄s is the vec-
tor with the nodal soil-pile interaction tractions
acting over the soil.

4.3 Soil-pile coupling

The pile and soil systems of equations are cou-
pled together by imposing compatibility (ūs = ūp)
and equilibrium (q̄s = −q̄p) conditions. This way,
all soil variables are expressed in terms of the pile
ones.

5 SEISMIC EXCITATION

The seismic excitation is modelled through pla-
nar wave-fronts that propagates through the soil.
The total displacement field is assumed to be the
superposition of the incident field produced by
these waves plus the scattered field produced by
the diffraction and refraction phenomena induced

3
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by the presence of the piles. Noting that Eq. (5)
is written in terms of the scattered field, it can be
easily rewritten in terms of the total displacements
field as:

ūs = Gsq̄s + ūI (6)

6 APPLICATION EXAMPLE

To illustrate the abilities of the presented model,
the 4-storey building defined in Fig. 2 is consid-
ered. The transfer functions of the lateral displace-
ments of the first and last floors with respect to
the free-field motion are presented in Fig. 3. Two
scenarios are compared in order to manifest the in-
fluence of soil-structure interaction: the infinitely-
rigid base (no SSI), and the flexible soil (SSI).

Figure 2: Definition of the application example.
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Figure 3: 1st and 4th floor displacements.

7 CONCLUSIONS

This work presents a direct model for the anal-
ysis of piled structures in layered soils including
soil-structure interaction effects. The use of spe-
cific Green’s functions for the layered half space in
the soil equations and the treatment of the piles
as load lines avoid any meshing of the soil domain,
significantly reducing the number of degrees of free-
dom of the model. The capabilities of the proposed
formulation are shown through an example.
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Padrón, J.J. Aznárez, R. Gallego, and
O. Maeso. Efficient numerical model for the
computation of impedance functions of inclined
pile groups in layered soils. Engineering Struc-
tures, 126:379–390, 2016.

[5] R.Y.S Pak and B.B Guzina. Three-dimensional
green’s functions for a multilayered half-space
in displacement potentials. Journal of Engi-
neering Mechanics, 128(4):449–461, 2002.

4

190



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   


	Organization
	Preface
	Plenary keynote lecture
	SECTION 1: Structural dynamics
	blueSENSITIVITY ANALYSIS IN STRUCTURAL DYNAMICS USING STATISTICAL METHODS.J. Cara, C. González, J.M. Mira
	blueFirst results of fragility curves of single story, double bay unreinforced masonry buildings in Lorca.B. Orta, S. San Segundo, J. Cervera
	blueTISSUE ULTRASOUND MECHANICS AND BIOREACTORS.J. Melchor, A. Callejas, I.H. Faris, and G. Rus
	blueDYNAMIC STUDY OF MODERATELY THICK PLATES BY MEANS OF AN EFFICIENT GALERKIN METHOD.J.M. Martínez-Valle
	blueDAMAGE LIMITS IN THE FAÇADES AND PARTITIONS OF BUILDINGS SUBJECT TO THE SEISMIC ACTION.R. Álvarez Cabal, E. Díaz-Pavón, E. Díaz Heredia and E. Carricondo Sánchez
	bluePROGRESSIVE STRUCTURAL COLLAPSE POSSIBLE CAUSES OF IMPLEMENTATION IN THE SPANISH REGULATIONS. WAYS TO AVOID IT.J. Tortosa del Carpio
	blueTHE EFFECT OF CORE THICKNESS OF VISCOELASTIC SANDWICHES ON THE DYNAMIC RESPONSE OF A LIFT.J. Iriondo, L. Irazu, X. Hernández and M.J. Elejabarrieta
	SECTION 2: Tests and dynamic monitoring, damage detection, system identification, vibration control
	blueTUNING A PHASE-CONTROLLED SMART TMD FOR BROAD-BAND-FREQUENCY-VARYING VIBRATION MODES.J.M. Soria, I.M. Díaz, J.H. García-Palacios, C. Zanuy and X. Wang
	blueDYNAMIC CHARACTERIZATION AND SERVICEABILITY ASSESSMENT OF A TIMBER FOOTBRIDGE.Á. Magdaleno, N. Ibán, V. Infantino and A. Lorenzana
	blueON THE SEARCH OF MULTIPLE TUNED MASS DAMPER CONFIGURATIONS FOR A VIBRATION MODE WITH CHANGING MODAL PROPERTIES.C.A. Barrera Vargas, J.M. Soria, X. Wang, I.M. Díaz and J.H. García Palacios
	blueEXPERIMENTAL ANALYSIS OF THE EFFECT OF RHYTHMIC DYNAMIC CROWD LOADS ON STADIUM GRANDSTANDS.J. Naranjo-Pérez, N. González-Gámez, J.F. Jiménez-Alonso, F. García-Sánchez and A. Sáez
	blueMODAL ANALISYS AND FINITE ELEMENT SIMULATION OF THE TOWER OF THE LABORAL CITY OF CULTURE IN Gijón.M. López-Aenlle, R.P. Morales, G. Ismael, F. Pelayo and A. Martín
	blueDYNAMIC BEHAVIOR OF A FOOTBRIDGE IN GIJóN SUBJECTED TO PEDESTRIAN-INDUCED VIBRATIONS.G. Ismael, M. López-Aenlle and F. Pelayo
	blueMOTION-BASED DESIGN OF MULTIPLE TUNED MASS DAMPERS TO MITIGATE PEDESTRIANS-INDUCED VIBRATIONS ON SUSPENSION FOOTBRIDGES.M. Calero-Moraga, D. Jurado-Camacho, J.F. Jiménez-Alonso and A. Sáez
	blueMEASUREMENT OF THE STRESS IN TENSION BARS USING METHODS BASED ON THE IMAGE.B. Ferrer and D. Mas
	blueFOUNDATION ANALYSIS FOR DYNAMIC EQUIPMENT: DESIGN STRATEGIES FOR VIBRATION CONTROL.D. Marco, J.A. Becerra, A.N. Fontán and L.E. Romera
	blueBUILDING INFORMATION MODELING (BIM) AND HISTORICAL ARCHITECTURE: A PROPOSAL FOR THE ENERGY PREDICTIVE PERFORMANCE ASSESSMENT.Ó. Cosido, R. Marmo, P.M. Rodríguez, A. Salcines, M. Tena and D. Basulto
	blueMODAL SCALING OF STRUCTURES BY OPERATIONAL AND CLASSICAL MODAL ANALYSIS.F. Pelayo, M.L. Aenlle, R. Brincker and A. Fernández-Canteli
	blueENHANCEMENT OF VIBRATION PEDESTRIAN COMFORT OF A FOOTBRIDGE VIA TUNED MASS DAMPER.M. Bukovics, J.M. Soria, I.M. Díaz, J.H. García-Palacios, J. Arroyo and J. Calvo
	blueDYNAMIC ANALYSIS OF A LIVELY DINNING HALL FLOOR: TESTING AND MODELLING.J.H. García-Palacios, I.M. Díaz, X. Wang, J.C. Deniz, J.M. Soria and C.M. de la Concha
	blueOPERATING STATE IDENTIFICATION OF A HIGH-SPEED TRAIN WITH ANALYSIS OF THE VIBRATION SIGNAL.A. Bustos, H. Rubio, C. Castejón and J.C. García-Prada
	blueDYNAMIC TEST AND VIBRATION CONTROL OF A TWO-STORY SHEAR BUILDING MODEL.I. Embid, C.M. de la Concha, I.M. Díaz, J.H. García-Palacios and J.C. Mosquera
	blueACTIVE VIBRATION CONTROL OF HUMAN-INDUCED VIBRATIONS: FROM SISO TO MIMO.I.M. Díaz, E. Pereira, X. Wang and J.H. García-Palacios
	blueSTEP-BY-STEP GUIDE FOR MIMO ACTIVE VIBRATION CONTROL: FROM THE DESIGN TO THE IMPLEMENTATION.X. Wang, E. Pereira, I.M. Díaz and J.H. García-Palacios
	blueEFFICIENT SIZING OF ISOLATED FOUNDATIONS FOR TESTING SYSTEMS.J. Ramírez-Senent, G. Marinas-Sanz, J.H. García-Palacios and I.M. Díaz
	SECTION 3: Bridge dynamics
	blueDYNAMIC RESPONSE OF A SHORT SIMPLY-SUPPORTED GIRDER BRIDGE UNDER RAILWAY EXCITATION: EFFECT OF BRACING BEAMS ON THE TRANSVERSE BEHAVIOURE. Moliner, A. Romero P. Galvín and M.D. Martínez-Rodrigo
	blueRESONANCE AND CANCELLATION IN DOUBLE-TRACK SIMPLY SUPPORTED RAILWAY BRIDGES: THEORETICAL PREDICTIONS VERSUS EXPERIMENTAL MEASUREMENTSM.D. Martínez-Rodrigo, E. Moliner, P. Galvín and A. Romero
	blueDYNAMIC ANALYSIS OF A SKEW I-BEAM RAILWAY BRIDGE: EXPERIMENTAL AND NUMERICAL.C. Velarde, J.M. Goicolea, K. Nguyen, J. García-Palacios, I. M. Díaz and J.M. Soria
	blueTRAIN-SPEED SENSITIVITY ANALYSIS FOR MAXIMUM ENVELOPES IN DYNAMICS OF RAILWAY BRIDGES.A.E. Martínez-Castro and E. García-Macías
	blueASSESSMENT OF LATERAL VIBRATIONS OF FOOTBRIDGES USING A FREQUENCY DOMAIN APPROACH.R.G. Cuevas, F. Martínez and I.M. Díaz
	blueDYNAMIC ANALYSIS OF A CULVERT-TYPE STRUCTURES IN HIGH SPEED LINES.A. Fraile, M.F. Báez, J. Fernández and L. Hermanns
	blueANALYSIS OF THE LIFTING PROCESS OF BRIDGE SEGMENTS.L.M. Lacoma, J. Rodríguez, F. Martínez and J. Martí
	blueDYNAMIC LOAD MODELS FOR NEW OR EXISTING RAILWAY BRIDGES.J.M. Goicolea, K. Nguyen, C. Velarde and E. Barrios
	SECTION 4: Computational dynamics
	blueMESHFREE MODELING OF DYNAMIC FRACTURE IN FIBRE REINFORCED CONCRETE.R.C. Yu, P. Navas and G. Ruiz
	blueDYNAMIC ANALYSIS PERFORMED BY COMMERCIAL SOFTWARE.J. Pereiro-Barceló
	blueGENERAL MULTI-REGION BEM-FEM MODEL FOR FLUID/SOIL AND SHELL INTERACTION PROBLEMS.J.D.R. Bordón, J.J. Aznárez and O.F. Maeso
	SECTION 5: Dynamics of materials, vibroacoustics, wave propagation in solids
	blueEFFECT OF MAGNETIC FIELD ON THE DYNAMIC BEHAVIOUR OF THE SMART SANDWICHL. Irazu and M.J. Elejabarrieta
	blueDYNAMIC BEHAVIOUR OF VISCOELASTIC LAMINATED ELEMENTS AT DIFFERENT TEMPERATURES F. Pelayo, M. López-Aenlle and G. Ismael
	blueSCOPING ASSESMENT OF FREE-FIELD VIBRATIONS DUE TO RAILWAY TRAFFICD. López-Mendoza, P. Galvín, D.P. Connolly and A. Romero
	blueA 2.5D SPECTRAL FORMULATION TO REPRESENT GUIDED WAVES WITH ACOUSTIC AND SOLID INTERACTIONF.J. Cruz-Muñoz, A. Romero, A. Tadeu and P. Galvín
	SECTION 6: Seismic engineering, soil-structure dynamic interaction
	blueANALISYS OF CRITICAL SITUATION IN THE DYNAMIC AND SEISMIC STRUCTURAL RESPONSE OF A CANTILEVER BRIDGE. DDBD AND ENERGY BALANCE.C. Iturregui, K. Nguyen, I.M. Díaz, J.H. García Palacios, J.M. Soria and A. Atorrasagasti-Villar
	blueKINEMATIC BENDING MOMENTS IN OWT MONOPILES AS A FUNCTION OF THE GROUND TYPE.L.A. Padrón, J. Herrera, J.J. Aznárez and O. Maeso
	bluePARAPET WALL FRAGILITY.L. Navas-Sánchez, J. Cervera, J.M. Gaspar-Escribano and B. Benito
	blueDIRECT MODEL FOR THE DYNAMIC ANALYSIS OF PILED STRUCTURES ON NON-HOMOGENEOUS MEDIA.G.M. Álamo, J.J. Aznárez, L.A. Padrón, A.E. Martínez-Castro, R. Gallego and O. Maeso
	blueDEFINITION OF THE SEISMIC ENVIRONMENT OF THE TOKAMAK COMPLEX BUILDING OF ITER FUSION FACILITY.F. Rueda, D. Combescure, L. Maqueda, J. Olalde, L. Moya and V. Domínguez
	blueLOOKING FOR CRITERIA TO ASSESS THE RELEVANCE OF STRUCTURAL FLEXIBILITY ON THE RESPONSE OF LARGE BURIED STRUCTURES SUBJECT TO SEISMIC ACTION.A. Santana, J.J. Aznárez, L.A. Padrón and O. Maeso
	blueNUMERICAL MODEL FOR THE ANALYSIS OF THE DYNAMIC RESPONSE OF THE SORIA DAM INCLUDING SOIL?STRUCTURE INTERACTION.J.C. Galván, L.A. Padrón, J.J. Aznárez and O. Maeso
	blueNUMERICAL SIMULATION OF SHAKING TABLE TESTS ON A REINFORCED CONCRETE WAFFLE-FLAT PLATE STRUCTURE.D. Galé-Lamuela, A. Benavent-Climent and G. Gonzalez-Sanz
	blueCHARACTERIZATION OF THE BEHAVIOR OF SEISMIC DAMPERS WITH SHAPE MEMORY ALLOYS.G. González-Sanz, D. Galé-Lamuela and A. Benavent-Climent
	blueSHAKING TABLE TESTING ON SEISMIC POUNDING OF A RC BUILDING STRUCTURE.A. Kharazian, F. López Almansa, A. Benavent Climent and A. Gallego
	blueDYNAMIC MODELING OF FLUID-DRIVEN EARTHQUAKES IN POROELASTIC MEDIA.P. Pampillón, D. Santillán, J.C. Mosquera and L. Cueto-Felgueroso
	blueCONSTRUCTION OF ELASTIC SPECTRA FOR HIGH DAMPING.J. Conde-Conde and A. Benavent-Climent
	blueDYNAMIC SOIL-STRUCTURE INTERACTION IN AN OFFSHORE LATTICE TOWER.A.E. Martínez-Castro, J.M. Terrés Nícoli and C. Mans
	SECTION 7: Non-linear dynamics, dynamics of multibody systems, biomechanics, impact actions and explosions
	blueSYMMETRY-PRESERVING FORMULATION OF NONLINEAR CONSTRAINTS IN MULTIBODY DYNAMICS.J.C. García Orden
	blueSIMULATION STUDY OF THE INFLUENCE OF DESIGN PARAMETERS ON A VIBROCOMPACTION PROCESS.J. González-Carbajal, D. García-Vallejo and J. Domínguez
	blueA NEW APPROACH BASED ON SPARSE MATRICES TO EFFICIENTLY SOLVE THE EQUATIONS ARISING FROM THE DYNAMIC SIMULATION OF MULTIBODY SYSTEMS.Antón, J.A. and Cardenal, J.

	Author index













