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Las fundaciones de estructuras proximas a lineas de fervocarriles
v las fundaciones de aerogeneradores tienen en comun las
cargas ciclicas a las cuales son sometidas durante periodos de
tiempo prolongado. La acumulacion deformaciones residuales
se ha estudiado para casos prdcticos como rellenos de estanques
y silos y para el caso de fundaciones de maquinas donde los
ciclos de deformacion se presentan en una dimension. Los
terremotos y las olas y el viento provocan excitaciones irregulares,
las cuales pueden inducir ciclos de deformacion complicados
sobras las estructuras. Este articulo presenta el proyecto
propuesto para investigar numeérica y experimentalmente la
acumulacion de deformaciones residuales en suelos granulares
bajo cargas que inducen ciclos de deformacion complicados.
Se considera la realizacion de ensayos triaxiales ciclicos de
larga duracion en el nuevo laboratorio de dindmica de suelos
del Instituto de Mecdnica de Suelos y Rocas de la Universidad
de Karlsruhe.

Palabras claves: modelo de acumulacién de deformaciones,
carga ciclica, suelo granular, deformaciones residuales, ciclos
de deformacion, ensayo triaxial dindmico

The foundations of structures near railways and the foundations

of offshore wind turbines have in common the cyclic loading
during a long period of time. The accumulation of residual
deformations has been studied in the past for some practical
problems such as filling of tanks and silos and for the case of
machine foundations where the strain loops are approximately
one-dimensional. In the case of earthquakes, wind and waves the
excitations arve not constant, leading to complicated strain loops.

This paper presents a project proposal to investigate numerically
and experimentally the accumulation of residual deformation in
granular soils under loadings that generate complicated strain
loops. The experimental approach considers long-time cyclic
triaxial tests in the new Soil Dynamics Laboratory in the Institute
of Soil Mechanics and Rock Mechanics in the Universiltdt
Karlsruhe.

Keywords: strain accumulation model, cyclic loading, granular
soil, residual deformations, strain loops, dynamic triaxial test

DESCRIPTION OF THE PROBLEM

A cyclic loading leads to permanent deformations in the
soil. As an example the accumulation of residual settlements
of a shallow foundation due to cyclic loading is
demonstrated schematically in Figure 1, where ¢ is the
time, s is the settlement of the footing,c™is the
average stress applied to the foundation and o™ is the
stress amplitude.

In homogeneities in the soil or a different loading of
neighboured foundations may lead to dierential settlements,
which may endanger the serviceability of a structure or
even cause damage instatically indeterminated buildings.

Figure 1: Settlements of a foundation due to cyclic loading,
where t is the time, o is a cyclic stress, 0" is an average
stress and o @™*! is the stress amplitude

An example for excessive and irregular settlements is shown
in Figures 2 and 3 (Heller, 1981). It is a brickwork wall of
a hall for "S-Bahn" trains located in Berlin, Germany. An
"S-Bahn" train station is located beside the hall. The trains
caused a repeated loading of the subsoil.




During only eight years of operation, settlements of up to
80 mm accumulated. These settlements were unevenly
distributed along the length of the hall causing large damage
of the wall. Parts of the hall had to be demolished and
reconstructed.

It is desirable to estimate the residual deformations due to
cyclic loading already in the design phase of a building, for
example by means of calculations using the Finite
Element Method (FEM). If the number of cycles is high,
"pure implicit" calculations (as shown in Figure 4a) using
conventional G - &- constitutive models (e.g. hypoplasticity
with intergranular strain (Niemunis and Herbe, 1997; von
Wolffersdorff, 1996) or elastoplastic multi-surface models,
where G is the rate of effective stress, and € is the rate of
strain are not suitable due to the accumulation of numerical
errors with each calculated increment and due to the huge
claculation effort (Niemunis, 2000). Combined "implicit"
and "explicit" (N-type) calculation strategies (as shown in
Figure 4b) are indispensable. Only a few cycles are calculated
implicitly with strain increments.

G - €- constitutive models are used for this purpose. During
the implicit cycles the strain loop is recorded as a series of
discrete strain states for each integration point in the
FE model. From the recorded strain loop the strain amplitude
€™ is calculated (the procedure is explained later on)
which is an important input parameter for the explicit

Figure 2: Building near a "S-Bahn railway"
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Figure 3. Measurements of settlement after Heller (1981)

part of the calculation. Larger packages of cycles are
calculated explicitly using a special High-Cycle
Accumulation (HCA) model. The HCA model predicts the
development of the residual strain with the number of cycles
without tracing the strain path during the individual cycles.
The basic equation of HCA models reads

6 =E:(&-€) (D

with E being an elastic stiffness and £*°°being the prescribed
rate of strain accumulation. HCA models work similar to
viscoplastic models with the number of cycles N replacing
the time ¢. Therefore, the accumulation of deformations
under cyclic loading is treated similar to the problem of
creep under constant load. After several thousand cycles it
may be necessary to update the spatial field of the strain
amplitude in a so-called "control cycle" (Figure 4b) which
is calculated implicitly.

Such a HCA model has been recently proposed by Niemunis
et al (2005). It is based on an extensive experimental program
with cyclic triaxial tests and cyclic multidimensional shear
tests on sand (Wichtmann, 2005;Wichtmann et al., 2007).
The HCA model considers the inuence of the strain
amplitude, of the actual state of the soil (average void ratio,
average stress) and of the cyclic preloading (number of
cycles in the past).

For a number of practical problems the strain loops in the
soil due to a cyclic loading are approximately one-
dimensional, for example for processes with small loading
frequencies (filling of tanks, watergates) or for stationary
harmonic excitations (machine foundations). Also in the
case of oshore wind power plants, where the foundations
are cyclically loaded due to wind and waves, the strain loops
are mainly one-dimensional, although the direction of the
cycles (polarization) may change due to the changing wind

direction.
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Complicated multidimensional strain loops in the soil may
result from earthquakes (Figure 5), from moving traffic
loads or near railroads (Figure 6) due to wave propagation.
Influence of the strain loop shape on the rate of strain
accumulation and the handling of complicated multi-
dimensional strain loops in a HCA model is disscussed in
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Figure 4: FEM calculation of the settlement of a shallow foundation
under cyclic loading: a) Pure implicit versus b) combined implicit
and explicit calculation
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Figure 5: Complicated acceleration loops due to the 1964 Niigata
earthquake (Ishihara, 1993)
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Figure 6: Complicated velocity loops due to traffic loading,
measurements of Huber (1988)

the following sections. The open questions will be studied
within the framework of a research project which is outlined
at the end.

INFLUENGE OF THE STRAIN LOOP SHAPE ON THE
RATE OF STRAIN ACCUMULATION

There is some experimental evidence that the shape of the
strain loop signifcantly influences the accumulation of
residual strain. Pyke et al. (1975) subjected a dry sand layer
to a multiaxial cyclic loading. Two shaking tables were
used. One was mounted transversely on the other one,
allowing for 2-D shearing.




If approximately circular shear stress cycles were applied,
the settlements were twice larger than for uniaxial cycles
with the same maximum shear stress (Figure 7a).
Furthermore, if two stochastlcally generated loadings
Ty (Hand 'Tq(t) withT) " =Ty 'were applied snnultaneously,
the resulting settlement was twice larger than in the case
where the sand layer was sheared only with T; () or only
with Ty (#) (Figure 7b). If the shaking tables were additionally
accelerated in the third, vertical direction, the accumula-
tion rate was even larger (Figure 7b). The conclusion of the
test results was that if sand is cyclically sheared
simultaneously in several orthogonal directions, the resulting
settlement is identical with the sum of the settlements which
would result from an uniaxial cyclic shearing in the individual
directions.
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Figure 7: Shaking table tests of Pyke et al. (1925): a) Comparison

of uniaxial and circular stress cycles, b) effect of stochastically
generated cycles
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In undrained cyclic tests the pore water pressure accumulates
instead of the volumetric strain. Ishihara & Yamazaki (1980)
performed undrained simple shear tests with a stress
controlled shearing in two mutually perpendicular directions.

In a first series elliptic stress cycles were tested. The
amplitude T,™ was kept constant and the amplitude in the
orthomgonal direction was varied in the range
0<T p'<'C (Flgure 8a). With increasing ratio
1}2’"’"',! T the accumulation of excess pore water pressure
was accelerated and the liquefaction (defined as the time at
which a shear strain amplitude 7*™ =3 % was reached)
was achieved after a lower number of cycles (Figure 8a).
In a second series of tests, the specimens were sheared
alternatingly in the T;- and the T;,- direction (Figure 8b).
A cycle was completed when both shearing directions were
passed. Also in these tests, the l1qmefact10n resistance
decreased with an increasing ratio Tp ,!'C T

In order to develop the HCA model multidimensional
simple shear tests were performed by Wichtmann ef al. 200,
wich showed a twice larger accumulation rate for a circular
shearing compared to one-dimensional cycles with the same
maximum span (Figure 9). Thus, the accumulation rate
increases with increasing number of dimensions run through
by the strain path. The influence of the cycle shape can also
be tested in cyclic triaxial tests with a simultaneous variation
of the axial stress O, and the lateral stress 0,. Niemunis et
al. (2007) tested different cycle shapes in the p-g-plane with
p = (O, +20;) /3 being the mean effective stress and q =
O,-0; being the deviatoric stress. The resulting curves of
the residual strain €£* versus the number of cycles N are
given in Figure 10. Again two-dimensional loops produce
larger residual strains than one-dimensional.
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Figure 8: Influence of the shape of the stress cycles on the
liquefaction resistance after Ishihara & Yamazaki(1980) : a)
elliptic cycles, b) alternating cycles (Oio is the initial axial
effective stress)

cycles. In the case of one-dimensional cycles, a single
change of the polarization by 90° undertaken at N = 1,000
lead to an increase of the strain accumulation rate. This
effect was also observed in multidimensional simple shear
tests (Wichtmann ef al., 2007). Although the two-dimensional
loops all had the same spans in the p- and in the g-direction,
there are some differences in the accumulation rates
depending on the loops shape, circle, diamond or cross,

(see Figure 10).
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Figure 9: Comparison of circular and one-dimensional strain
loops in simple shear tests, Wichtmann et al. (2007)
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Figure 10: Accumulation curves measured in triaxial tests with
a simultaneous cyclic variation of G, and C;, Niemunis et
al.(2007) (P= +/3p,0=+/2/3q)

It may be concluded that the influence of the strain loop
shape on the accumulation rate is quite significant and that
it has to be considered in a HCA model. More experimental
work is necessary in order to understand better the effect
of more complex multi-dimensional strain loops (e.g. in
order to understand the differences shown in Figure
10).

AMPLITUDE DEFINITION FOR MULTI-DIMENSIONAL
CONVEX STRAIN LOOPS

The HCA model of Niemunis et al. (2005) contains a
definition of a tensorial amplitude for multi-dimensional
strain loops (see also Niemunis, 2003). However, this
definition is only applicable to convex strain loops.
The procedure for the determination of €™ starts from the
series of discrete strain points recorded during the implicitly
calculated cycles (Figure 4). First, the span 2R (a scalar
variable) of the in general six- dJmensmnal strain loop is
determined. The direction of the line cormectmg the two
most distant points of the loop is denoted by T T (a second
order tensor. 6]: .e. ry). After that the loop is projected into the
direction T onto a (hyper-) plane. The projected loop is
five-dimensional. The span 2R® and the direction T of
the projection are determined,and so on. Having finished
the projections (in Figure 11 they are illustrated starnngfrom
a three- d1mens1onal loop) six spans 2R®...2R™ and six
directions T .. T "are available. The fourth-order tensor of
the amphtude A is then calcul;a%ed as(t)he sum of the dyadic
products of the dlrectlons r ® r  weighted with the
respective half span R”:

A _ Z R[m =) ® F —(n) (1 EAyH— E R(ﬂ) (}r;ﬂ) (2)

n=1 =1




As a scalar measure the norm of the amplitude tensor
A is used.

gl = A | 3

In the special case of one-dimensional strain loops the scalar
measure defined by Equations (2) and (3) is identical with
the classical definition of the amplitude g'= (gm= - gnir)
/2. For two-dimensional elliptical cycles one obtains
€™ = /(R")*+(R®)’ . Thus, circular loops with R"” = R”
= R have an amplitude £ =//2R .

Projection of £(t) from 3D to 2D

Projection of g(t) from 2D to 1D

Figure 11: Multiple procetion of a strain loop in order to calculate
an amplitude for multi-dimensional loops

As could be demonstrated experimentally (Wichtmann ef
al. (2005), the rate £*°of strain accumulation is proportional
to the square of the strain amplitude (€™ )’. This
dependence has been also implemented into the HCA model.
Thus, for two-dimensional circular strain loops with a radius
R (amplitude £*'= x/Z_R) the accumulation model predicts
twice larger accumulation rates than for one-dimensional
cycles with a span 2R (amplitude €= R).

The prediction of a twice larger accumulation rate for
circularcycles is in good accordance with the test results
shown in Figure 9. Thus, the amplitude definition for convex
strain loops could be confirmed for the two-dimensional
case.

AMPLITUDE DEFINITION FOR MORE COMPLICATED
STRAIN LOOPS

It has been recognized that the amplitude definition presented
in Section 3 may not properly describe the accumulation
rates due to more complicated strain loops as thoseshown
in Figures 5 and 6 or those presented in Figure 12 (which
have been generated bya superposition of harmonic
functions). The definition of an amplitude and the counting
of the cycles for such loops is not clarified yet.
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Figure 12: Complicated strain loops, obtained by superposition
of sine functions a) and b) with slightly different frequencies and
amplitudes or ¢) and d) with very different frequencies and different
amplitudes

A proposal for the treatment of such strain loops has been
already made by Niemunis et al. (2007). It is presented in
the following. It has to be stressed that this procedure has
not been verifed experimentally yet.

The strain path €;(#) is assumed as a superposition of
individual harmonic oscillations.The oscillations dier by
their frequency fK (or by their angular velocity
Wy =2T fi ). First, the single oscillations are extracted from
the entire signal. For eachstrain component €, (7) the portions
belonging to a certain frequency fK are extracted.Their sum
constitutes a harmonic oscillation. In the general case it is
a six-dimensional ellipse in the strain space. The oscillations
are numbered with the index K. The signal €;(¢) is
approximated as a sum of M oscillations:

M
iD= €5 sin (w1 +0k 4)
K=1

The signal portions belonging to a certain frequency are
filtered from the entire signal by means of a spectral analysis.
For each strain component the amplitude €5"*and the
phase shift ©F corresponding to the angular velocity w*are
determined. The procedure is described in detail in by
Niemunis ef al. (2007). Since the accumulation rate depends
on the square of the strain amplitude, only the frequencies
/K with large amplitudes €™~ are considered. For each
oscillation the scalar measure of the strain amplitude is
determined.

g ampl K =||8amp1K|| (5)
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Where €% being a second order tensor collecting the
amplitudes of the individual strain components €;; of the
oscillation K. The same value €™ *would result
from the procedure described in the previous section when
it is applied to a strain loop where allstrain components are
described by harmonic functions with amplitudes €;5**
If M oscillations (i.e. M different frequencies) have to be
considered the entire signalis decomposed into M packages
of cycles each with an amplitude €3™" and a number
of cycles N. It is assumed that these packages can be
calculated in arbitrary sequence and that in this way the
residual deformations can be estimated. It has been demon-
strated experimentally by Wichtmann e al. (2006), that the
sequence of packages ofone-dimensional cycles with
different amplitudes is of minor importance for the value
of the permanent strain at the end of a test (Figure 13).
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Figure 13: Cyclic triaxial tests with four packages of cycles each

with dierent amplitudes g™ = 20, 40, 60 or 80 kPa applied in
six different sequences, (Wichtmann et al., 2005; 2006)

However, it has not been experimentally confirmed yet that
the sequence of the packages can also be neglected in the
case of multi-dimensional cycles. Furthermore, it has not
been experimentally verified whether the decomposition of
a complicated load signal intosingle oscillations as described
above is justified. Such a study will be undertaken within
the scope of a research project which is outlined in the
following section.

OUTLINE OF A RESEARCH PROJECT
EXPERIMENTAL PART

As outlined above, it is necessary to clarify whether a
complicated strain loop can be decomposed into several
oscillations where each oscillation collects the strain
components belonging to a certain frequency fK. It has also
to be checked experimentally if these oscillations can be
treated separately and if the sequence of application of the
oscillations is insignificant.

For this purpose cyclic triaxial tests will be performed. In
the axially symmetric triaxial test only two-dimensional
loops can be tested. A cyclic variation of more than two
straincomponents would be possible in hollow cylinder
triaxial or "true" triaxial devices whichare not available for
the present study. Therefore, the applicability of the findings
from the triaxial tests to more than two dimensions has to
be assumed. Strain loops will be tested which are obtained
by a superposition of several harmonic functions with dierent
frequencies and amplitudes (see the example in Figure 14).
For comparison, other tests will be performed on fresh
samples, in which the same oscillations are applied separately
in succession. The sequence of application of the oscillations
will also be varied.

A decomposition of a strain loop into oscillations according
to theprocedure described in Section 4 is justified if the
tests with the complicated strain loopsand those with the
oscillations applied in succession deliver similar residual
strains. The number of superposed harmonic functions will
be varied as well as their amplitudes and frequencies. Quite
dierent strain loops may result (Figure 12).

Figure 14: Decomposition of a two-dimensional strain loop in
two oscillations with different frequencies fK




The triaxial tests will be performed drained and stress
controlled with a simultaneousoscillation of the axial stress
G, and the lateral stress G;. However, if the lateral stress is
varied in a triaxial test, the measurement of lateral
deformations of the sample becomes a problem. If the wide
spread measurement of volume changes via the squeezed
out or sucked in pore water of fully saturated specimens is
used, the measured data is falsified by membrane penetration
effects (Figure 15). If O; is increased the rubber membrane
surrounding the specimen is pressed into holes between the
grains and the water in these holes is squeezed out. The
volume of this squeezed out water is wrongly attributed to
acompaction of the grain skeleton. Membrane penetration
is negligible only for very fine sands. For medium coarse
and coarse sands the portion of the measured volume
changecaused by membrane penetration may be signifficant.
The membrane penetration has no effect on the measurement
of residual deformations, but for the measurement of the
strain loop it is of essential importance. An accurate
measurement of the axial and of the lateral strains, that
means a precise knowledge of the strain loop, is of crucial
importance for achieving the aims of this research project.
Therefore the strain must be measured locally directly
on the specimen. LDTs (local displacement transducers, are
shown in Figure 16 (Goto et al., 1991; Hoque ef al. 1997).
LDTs are strips of phosphor bronze which are set up with
strain gauges. The LDTs are mounted on the specimen in
a slightly bended condition by means of hinges gluedto the
rubber membrane. The sensors recognize deformations as
changes of bending. LDTs may be used for the measurement
of axial (Figure 16 right) and lateral (Figure 16 left)
deformations. A specimen with a square cross section is

advantageous for the measurement of lateral deformations
with LTDs.

membrane
O3

pore
water

grains
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Figure 15: Falsification of volume change measurements via the
pore water due to membrane penetration effects
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Figure 16: Measuring local strains of prismatic specimens using
LDT, Rondon et al.

A fine sand will be used as the testing material since
membrane penetration effects are small and because the
accumulation rate increases with decreasing grain size
(Wichtmann et al., 2007; 2005), so that differences in the
accumulation rate may be worked out more clearly.
Based on the test results it has to be judged if the
decomposition of complicated loopsinto single oscillations
according to the proposed procedure is sulciently accurate
forpredictions of residual deformations in the soil due to
cyclic loading.

NUMERICAL PART

FE calculations will be performed using the program
ABAQUS. The HCA model is available as a user defined
subroutine UMAT. Up to now only the definition for convex
strain loops has been implemented into the UMAT. For the
application of the HCA model to problems with complicated
strain loops the (eventually modified) procedure for such
loops has to be programmed into the UMAT.

Boundary value problems similar to that shown in Figure
17 will be studied by meansof the FEM. It is intended to
recalculate settlements of real buildings near railways,for
which in situ measurements are documented in the literature.
Because of the spatial impact of the loading due to passing
trains the calculations have to be performed three-
dimensionally. The loading due to a passing train has to be
considered correctly.

The dynamic FE calculation of wave propagation can be
performed using an elastic constitutive model for the soil
since the amplitudes are small. It is followed by a calculation
of theresidual deformations with the HCA model. The lower
and the lateral boundaries of the FE model are modelled
such that no reections of waves take place.
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Figure 17: Possible system for FE calculations: Building near a
railway

SUMMARY AND CONCLUSIONS

The paper demonstrates that the shape of the strain loop
significantly influences the rate of strain accumulation due
to a drained cyclic loading. A definition of an amplitude
for convex multi-dimensional strain loops is explained.

This definition is experimentallyconfirmed for the two
dimensional case. It is incorporated into a high cycle
accumulation (HCA) model for sand. The applicability of
a novel procedure for more complicated strain loops will
be checked experimentally in the framework of a research
project. The procedure uses a decomposition of the signal
into several harmonic oscillations. These oscillations diffier
in their frequency and are treated separately. The working
programme ofhe research project is outlined in the paper.
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Concurso Académico

La Universidad Catolica de la Santisima Concepcion, en el marco de su Plan de Desarrollo Estratégico, llama a concurso acedémico para proveer el cargo de jornada
completa (JC), para el Departamento de Ingenieria Civil de la Facultad de Ingenieria.

Grado de Doctor en Ingenieria, ya sea en el drea de Construccion, Transporte, Hidraulica, Estructuras 6 Geotecnia, Experiencia en la Ingenieria practica

1.- El cargo es académico con funciones de docencia de pre y postgrado, investigacién y extension

2.- La preseleccion se realizard por los antecedentes de acuerdo a los requisitos definidos por el cargo

3.- Se realizara una entrevista personal a los concursantes preseleccionados

4.- La Universidad Catdlica de la Santisima Concepcidn se reserva el derecho de declarar desierto el concurso
5.- Los antecedentes enviados no seran devueltos

Antecedentes:

1.- Carta de presentacion, indicando pretenciones de renta y el codigo del cargo al cual concursa
2.- Curriculum Vitae. Fotocopias de certificados de titulo y grados, debidamente legalizadas

3.- Plan de trabajo o proyecto de desarrollo académico que fundamenta su postulacion

4.- Dos cartas de recomendacion (en sobre cerrado)

Enviar antecedentes a: Concurso Académico Ingenieria Civil, Facultad de Ingenieria, Departamento de Ingenieria Civil, Alonso de Rivera 2850, Concepcion, Chile
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Revista de Ingenieria Civil

1. Los autores deben indicar la categoria de clasificacion del articulo, la cual puede ser: articulo técnico (investigacion), nota técnica
(articulo corto), informe técnico (de disefios, construcciones, monitoreos, etc.), discusién o comentario (de material publicado
previamente). Los articulos enviados deberan ser originales y no haber sido publicados antes ni estar en proceso de revision por
otra revista. Ellos pueden ser escritos en inglés o espafiol y deberan ser enviados en version electronica en formato word o pdf. Los
articulos se envian al Editor Prof. Mauro Poblete via correo electronico a oyp@ucsc.cl (preferido) o en CD via correo postal a
Departamento de Ingenieria Civil, Universidad Catolica de la Santisima Concepcion, Alonso de Ribera 2850, Casilla 2, Concepcion,
Chile. Deber incluirse en el envio la direccion postal y electronica de todos los autores. Una vez que el articulo es recibido conforme
a las guias de mds abajo, este serd enviado a expertos en los temas especificos para su revision. El Editor podré requerir revisiones
y correcciones antes de tomar una decisién final de aceptacion o rechazo del articulo.

2. El articulo debera tener una extension maxima de 8000 palabras, no se exige formato (tipo ni tamafio de letra, espaciamiento,
etc.), solo se pide claridad tanto en lo escrito, o sea, buena redaccion con una secuencia logica de lo que se presenta, como en las
figuras, graficos, tablas y fotos. El formato usado en la revista se encuentra disponible en www.oyp.cl/normas.pdf.

3. Los articulos deberan tener una pagina de titulo con el nombre y apellido del o de los autores, su filiacion, direccion postal y e-
mail. El titulo debe estar en castellano e inglés.

4. El resumen no debe exceder las 250 palabras en su versién en espafiol y debe apuntar a los aspectos claves del articulo y dar una
sintesis de las aplicaciones y conclusiones mas importantes que el articulo entrega. El abstract debe ser una traduccién correcta del
resumen al inglés. Se deben incluir palabras claves tanto en castellano como en inglés.

5. Se usa el sistema Harvard para las referencias. Estas deben estar completas y correctas. En el texto, las referencias deben citarse
como sigue:

Martinez (2008) o (Goodell y Warren, 2006). Para mas de dos autores debe indicarse como (Van Abeelen et al. 2008). Al final del
articulo, las referencias deben agregarse en orden alfabético segtn el apellido del primer autor. Las referencias de un mismo autor
de un mismo afio deben diferenciarse usando 2008a, 2008b, etc. El estilo de las referencias debe seguir uno de los esquemas
siguientes: Cepeda, M. (2006). Un nuevo modelo para la estimacion del tiempo de espera en paraderos de transporte pblico. Obras
y Proyectos 2 (1), pag. 36-44

Wichtmann, T., Niemunis, A., Triantafyllidis, Th. and Poblete, M. (2005). Correlation of cyclic preloading with the liquefaction
resistance. Soil Dynamics and Earthquake Engineering 25 (12). pp. 923-932

6. Las tablas y férmulas (ecuaciones) deberan ser numeradas secuencialmente en el mismo orden en que aparecen en el texto, con
numeros arabigos y haciendo referencia a ellas como: Tablal, Tabla 2, Férmula (1), Férmula (2)...etc., segin corresponda. Estas
deben ser introducidas dentro del texto en el mismo orden en que son referenciadas. En el caso de las tablas, el titulo debe colocarse
en la parte inferior y no deben duplicar los resultados presentados en graficos. El sistema de unidades a emplear sera el Sistema
Internacional (SI).

7. Las figuras pueden incluir graficos, esquemas y diagramas. Las figuras deben enviarse en una condicion lista para su publicacion,
con calidad de impresion laser. Si son fotografias, deben ser de alta calidad. Deben numerarse en forma secuencial, en el mismo
orden en que son referenciadas en el texto como: Figura 1, Figura 2, Foto 1, Foto 2, etc. y su titulo debera colocarse en la parte
inferior. Deberan ser incluidas dentro del texto seglin sean citadas.

8. Las opiniones vertidas en los articulos publicados en Obras y Proyectos son de exclusiva responsabilidad del autor o los autores
de los mismos y no reflejan necesariamente los puntos de vista del Departamento de Ingenieria Civil de la Universidad Catolica
de la Santisima Concepcion.

9. El envio de un articulo a la revista Obras y Proyectos implica que representa un trabajo original, no publicado previamente y no
considerado para publicacion en ninguna otra parte. Los autores aceptan transferir el derecho de autor de sus articulos a la Editorial
siempre y cuando el articulo sea aceptado para publicacion. El derecho de autor cubre los derechos exclusivos para la reproduccién
y distribucién del articulo, incluyendo re-impresiones, reproducciones fotograficas, microfilms, escaneo de documentos o cualquier
reproduccion de naturaleza similar asi como traducciones. Permisos para usar figuras deben ser obtenidos por el autor en forma
previa al envio del articulo.

Para mayor informacién sobre Obras y Proyectos visite nuestro sitio web www.oyp.ucsc.cl




PROGRAMA DE POSTGRADO DE LA FACULTAD DE INGENIERIA DE LA
UNIVERSIDAD CATOLICA DE LA SANTISIMA CONCEPCION

MAGISTEREN 7 = (g9 73 8
INGENIERIA d@ £ IIllm

El programa de magister en Ingenieria Geotécnica es impartido por el
Departamento de Ingenieria Civil de la UCSC y comienza en marzo del
afio 2009.

Su modalidad es académica, cubriendo un conjunto de cursos obligatorios
y optativos mas una tesis de investigacion. La realizacion de la tesis
requiere de la dedicacion exclusiva del alumno con el fin de que ésta
constituya un aporte significativo a la Ingenieria Geotécnica en cualquiera
de sus areas.

El programa de magister esta orientado para Ingenieros Civiles y Geologos
con buen rendimiento académico. Se requiere ademas de un buen nivel

de comprension de lectura técnica en idioma inglés.

Para postular enviar curriculum vitae de no mas de 3 hojas, certificado
de notas y certificado de titulo a:

Programa de Magister en Ingenieria Geotécnica

Departamento de Ingenieria Civil
Alonso de Ribera 2850 “’*""“C
- m Concepcion 5

Para consultas visite nuestra pagina web www.civil.ucsc.cl, 1lamenos
al teléfono 0056 41 2735303 o envie un email a mariellagarcia@ucsc.cl

Av. Santa Maria 2450 Providencia, Santiago, Chile
Teléfono 464 47 00 | Fax 464 47 01
www.ebco.cl




RIEGO
AUTOMATICO

Se especializa en el diseno y construccion de Riegos Automdticos, Microriego, Piscinas y
Extraccion de Aguas Subterraneas proporcionando un servicio personalizado, de alta
calidad profesional y originalidad, ademas brindamos asesorias a nivel nacional.

Sumado a nuestra experiencia, incorporamos tecnologia de avanzada en software de
diseno computacional, maquinaria y materiales. Utilizamos materia prima de primera
calidad, seleccionando las mejores marcas que se adapten a las necesidades del diseno
proyectado, en donde fundamentalmente consideramos el éxito de la realizacion del
proyecto, asi como las ideas y preferencias de nuestros Clientes.
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AREA TECNOLOGIA

ﬁ * Ingenieria y Construccion de sistemas de Rlego
- * Mantencion de Riegos Automatlcos '
Ingenieria y Construcdém. d "Piscmas'
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* Proyectos y estudios de ingeni L
+ Diagnosticos de procesos de Fiego tecnif
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. EStUdiO de Remodelaqgnes
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AREA CAPACITACION -.
+ Manuales de operacién y mantenimiento.
* Cursos interactivos de capacitacién indus
+ Capacitacion integral.

Victor Rojas
Fono contacto: 9-7957729
Correo electronico:riegolart@gmail.com

Nuestra experiencia siempre sera su mejor garantia





