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Synopsis: To carry aut economically and safely under-
ground structures for the urban transport in Bucharest, the
Company "METROUL" - Bucharest, initiated and financed a large
program of investigations regarding the dynamic interaction
effects of the so0il and the underground structures of gallery,
tunnel or subway station type under soispic actions.

The researches performed at Central Institute for Re-
search, Design and Guidance in Civil Engineering (ICCPDC)-
Branch of Iassy, consisted of testing phisical models as well
as theoretical_researches using various models and computa-
tion tehniques.

The tests of the models in the dynamic range were car-
ried aut by using a mechanical generator of armonical vibra-
tions of lo_Kw and some seismic shaking tablesof 150 and l4co0
KN capacity.

Some aspects of interest for aseismic desing of those
types of underground constructions as resulted from performed
researches are also presented in this paper.

1. INTRODUCTION

The behaviour of underground structures to earthquake
actions presents a complex character due to the interaction
phenomenon between the soil - a medium having varied geo-
mechanical and reological characteristics and the "under-
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sround structures” - structural sistems of different forms
and complexity levels.

The stress and strain state, the dynamic pressure varia-
tion on the closing elements as well as the aseismic design
of the underground structures are aspects seldom encountered
in the technical literature.

Due to technical difficulty involved by testing and by
the necessity of a special testing equipment, the investiga-
tions on physical models were studied in a less degree in the
world. '

In order to construct, in proper economic and safety con-
ditions, the underground structures for the urban traffic in
the capital of Socialist Republic of Roumania the "Metro" Com-
pany Bucharest initiated and financed a large research progrem
regarding the dynamic interaction effects between soil and un-
derground structures of gallery, tunnel or metro station type
in the case of earthquake actions.

The research performed at Central Institute for Research,
Design and Guidance ip Civil Engineering, Branch of lassy, in-
cluded testings on physical models as wgll as theoretical in-
vestigations using different models and computing approaches.
These investigations'refered to the determination of the plane
3train state using three set of grllery and metro-station mo-
dels having different cross section shapes, apecific to the
execution methodes adcpted.

2, EXPERIMENTAL INVESTIGATIONS

Three set of physical models at length scales of Ki = 36,
K; = 18 and K, = 6 (Figsl, 2 and Tahle 1) were tested in har-
monic und seiomic range, each set consisting of two soil-mo-
dzls - "MB" (dry sand and satured sand) and several models"

"EC" for undersromd structure.

To point out the dynamic intemc tion effects between the
"MS" and "MC" subsystems, the adopted technicael approach pro-
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vided first tho teating of individual "¥B" models and finaly
the couplod”M = HB + M0 lodela.

A number of 214 tests in dynamic regime were carried out
in this manner using 7o different models from which 35 were o
"goil + underground structure” type.

The models were subjected to harmonical actions, shocks
and seismic actions (three artificial earthquakes and Romaniar
earthquaks of 1977).

3+ MAIN EXPERIMENTAL RESULTS
To barmonical esctions

In the case of "MS8" models, the accelerations of surface
stratum motions, exhibited values of 1.5...2.5 times the acce-
leration recorded in the stratum located to the base of the
models. Dynamic behavipur of "MS" model soil layers is similar
to that of a sheared column.

The tests performed in harmonical regime, initially on
the individuel "MB" and "MC" models and subsequently on cou-
pled "N" models, pointed aut that natural frequencies as well
a8 the damping ratios of the "M' models presented v~ n=n ~“r-
sed to those recorded on the individual "MS" models,that ic
prectically independent of the mass, forms and dynamic charac-
teristics of the "MC" models (Tabel 2).

The "M" models under variable freQmency harmonic actions
exhibited accelerations, at the floor level and the foundation
raft level for the "MC" models (Fig.5) and relative displace-
ments between the floor plate and foundation raft which were
closed to the values recorded in the corresponding "MS" model
8o0il stratum.

Maximum values of the dynamic response for "M" model were
recorded near the naturel frequency oscillations of the "iB"
models, the influence of.the "M" mod:1l form and r).rrldltJ
being tmeignif:.eant. N



To seismic action

The tests conducted in seismic regime emphasized the mo-
221 behaviour characteristics, which were similar %o those re-
corded at the tests in harmonical rogine.

In the case of "M" modcls having structures with moulded
walls the mamimum values of relntive displasements between
Tloors and Joundnition raft were mencrallx srenter than the
"MST medel rolntive Cdiorlneomento areng soll ctrato leenied
at the same level, in contrast with the case of "M" models ha-
ving structures without moulded walls, where relative displa-
cements exhibited smaller values. The raft slidings are res-
trained by the moulded walls so that a larger amount of energy
agsociated to adjoining soil strata is transformed to the
structure, in contrast with simple constructions at which the
raft clasical joinings with the soil enable plan-parallel dis-
lacement without any implications to structuree.

In the case of "M" models, having stations with moulded
walls and lateral tunnels (Fig.l) with stiffness nearly equal
to that of stuiions at which the mowlied wall crocs scecction
is rectangular, smaller relative displacements between upper
floor and raft were recorded as compared with the displace-
ments of socil strata within "MS" model.

This result may be due to the fact that a larger soil
mass is involved in the motion, so that a reactive couple be-
ing generated which tends to reduce the structure relative
displacements.

The dynamic pressures recorded on "MC" model walls showed
a nonuniform distribution along the height. In the case of mo-
dels without moulded walls, the dynamic pressure diagram had
approximately the same shape for all section types, the maxi-
mum values being usually recorded at the upper part of the
structure.

In the case of models with moulded walls, the maximum
. pressures were recorded either to upper floor level, or to
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raft level depending on the dynamic action characteristics.

The pressure related to the accelerations of harmonical
motion exciting the "M" models, exhibited maximum values with-
in low frequency range, where the action was characterized by
large displacements,

CONCLUS IONS

- Seismic response of soil strata located at upper part
of the site, where the "on the surface" common buildings are
generally founded, shows larger values than those corréspon-
ding to motion of deep strata. Due to this aspect, the con-
struction located at depth into resistant strata, present a
better seismic behaviour as compared to those erected on soft
soil strata, near to the earth surface.

- The seismic response of soil strata in which underground
structures are to be constructed is not modified in a great
extent by the presence of the construction, excepting a zone
in its close vicinity.

= Underground structures do not exhibit the resonance phe-
nomena as in the case of common surface structure.

The effects of intercation between soil and underground
structure could be predicted in terms of ratio of energy last
within the volume of soil dislocated by the construction to
that of the construction itself in the view of obtaining some
similar equal deformations.

- The main seismic action upon the underground construc-
tion is the deformation state change of soil strata in inter-
action with the structure und not with mass forces due to mo-
tion accelerations.,
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