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ABSTRACT

One of the most importarfactors affecting the design of thetructuresis the impact of the
earthquake loadings on the forces and the design displaceien¢stheless, the infamces of the

near structures on the existibgildings that sometimes can cause great changes in forces and
displacements, can neva forgotten. Thus, the induced displacement in the adjabaiitings of

a newly constructedndegroundtunnel, have beeimvestigated in this study. Having thesuodts of

the study, it can be evaluatetihether the amount of variations in forces and displacements are in
the allowableranges and what measures are needed to save the structures iof t@vingexcess
changes in thegearametersin this paperthe site characteristiad undergroundunnels ardirst
investigatedThen the excavation of the tunnel is modeled, while the adjacent structures are taking
into account. Finally, the impga of the excavation on the adjacent structures under different
earthquake loadings are studied and investigatedcatiectedaccelerographs of the Naghan and

El Centroearthquakes have been used for seismic analyses and a one and two stories buildings
have been modeledsathe adjacent buildings. In this studince the impact of the tunnels
excavations on adjacent buildings under seismic condittsesonly concentrated, the radial
deformation of the surrounding soflave beemeglected.
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INTRODUCTION

The responseof super structures, such as buildings, bridges, under seismic conditibighlis
affected by the underlying soil laye®o far, extensie studies on the impact of the earthgesion
underground and ground buildings have been carried out.impkmentedstudies prove that
undergroundstructures ardess vuherablethan thesuperstactures[1], and even large number of
tunnels andundergroundspace without a seismic desigawe resistedagainst heavy earthquakes.
For example, the Mexiecoity undergroundunnel during 1985 earthquakg] andthe Los Angeles
subway during earthquakescapedquite undamaged while many surface buildings were largely
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damaged3]. As a result the investigation of earthquake impact on the surface buildimdgghly
important. Particularly if it is planneda tunnelcros®s through the ground in the area of caager
greatly by residentialand old ancientcultural buildings. For thisreasona great attemt has been
affordedto study and investigate the effect of different earthquakes on the adjacent buildings located
on the path of the Shiramderground (one of thencientand important city of Iran by margultural
Heritage$. Theeffect of the earthquake on super structuresheesn studiedefore construction of

the underground and has bemmparedvith thoseinduced after excavation of the tunnel. Regarding
the seismicity of the city of Shiraz, based on the Iranian code of practice for seisntantagisign

of buildings H], the city is recognized as a zonerbiatively high risk in the seismic zonation of the
Iran. According to theesultsof the past studies in the region, in spite of heavy earthquakes which
have caused sever damages to the afit$hiraz,the exsting maumentsand historical buildings
remained stable although some damages have been reported. Thussdespiectateassessments

of seismichehaviors of superstructures and undergroutithnelsindividually, their seismicrespamses

need to bee-evaluatedogether inwhich the interaction between underground tunnels and adjacent
structuresplays an importantole and may lead to different and newsults In the following section

the method of this evaluation and tpeoceduresof the analyses are manted and described in
details.

EVALUATION AND SPE CIFICATION OF THE SE LECTED
SITE

The selected sites part of the historical city of Shiraz, the capital of the FARSvince which is
located in the souttvestern part of Iran (Fig.1). The position of the site in
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Figure 1: The position of the selected site in the city of Shiraz, and Fars province in IRAN
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Figure 2: Ground profile and the positions of the existing structures in the selected site

Table 1 The geotechnicatharacteristics of the soil layers

The shear strength Coefficient of

Dry unit The elastic parameters parameters permeability k
Soil  Depth Soil Weight - (m/s)
_ i riction i
layers (m) Type g, N Poiss Elastic r Cohesion, C
J(KN/m) Ratio(n) modulus  angle,/ (KN/mD) K, K,
E (kN/n) (degree)
1 4 Loosefill 17 0.30 78000 25 20 105 105
2 9 cohesive soll 16.7 0.25 500000 30 35 106 106

Shiraz has been located where the Zand subway, which is among the area having many monuments, is
situated. Based on the Shiraz underground studiesyrttierground tunnels will ga beneaththe

existing Zand subway (fig.No.2).The diameter of each tunnéldé metes and their embedment

depth from the ground surface 15 metes. The horizontal dtance of the tunnels from the adjacent
buildings is about 10 meterThe tunnels will be excavated byeamsof TBM (Tunnel Boring
Machine)using the shegtile of EPB toprotectthe excavatettenchesTo reduce the effects of the
boundary conditions on structures, model dimensions are considered more than five times the
dimensions ofstructures %]. It results in reducing the errors of stresses up to six percertheS

effects of boundary conditions on analyses can besoedl

According to geotechnical studies in the area, two different soil layers calosbeved Kig. 2). The
top layer is a loose mdiiled soil having 4 meters thicknesBelow that afine cohesive soil layer
(down to the studied depth) can be seen. The underground water table is located atl@eioetehe
ground surface. It has to be noted that the dynamic elastic modules of ttey@n@ohesive soil)
below the water table increasdwmgply to 82500@kPa orkN/m?), while other mechanical parameters
do not change considerablyhe model of soils isMohr-Coulomb with undrained behavidrhe
specifications of these two layers are given in t&lmel.



THE METHOD OF NUMERICAL MODELIN G

In this studya commercidy availablefinite element packag®LAXIS-2D, which is capable of doing
dynamic analysis of segtructure interaction using the grouactelerographdias been implemented.
Since it is planned to investigate the impaicadunnel construction othe lesponsef the adjacent

buildings, two differentases have been taken into account:

IIn the first case the seismic analysis of the buildings before excavating the underground tunnel has
been done. Two differemiccelerographeere used to calculate tldesplacements of the buildings at
different elevationsAs can be seen in fig.No.3, the relatigisplaycement of top of the building

(point B) to that in the ground lev@oint A), or the differential displacemeséare calculated.

II) In the second ca&s the dynamianalyses of the building under the same accelerograplaraied

out, while the underground tunnel has alreadgnbexcavated Kigure No.4). In this case the
differential displacements of the buildings again are calculated. To study thet imipdhe
underground tunnel on the seismic displacement of the buildings these two values are compared with
each other.

To proceedwith the analysis program, first, the Zasubway and adjacent buildingsbfnd 2 stories
(the existing conditionaire modeledT he specificationof the buildings are given in table No.2.Then,
the effects of the traffic loading on the existing buildings epasidered. The earthquakeding in
this case isapplied to the model by differemtccelerographsin case Il after applym the traffic
loadings to the model, the excavation of tunnel havingré.@iameter(similar to that excavated for
the Shiraz undergroud is applied to the model. Tlpecification of the tunnel lining Eso given in
Table2.

Finally, the impact oftte underground tunnel on the adjacent buildings during different earthquake
loadings can be evaluated. It has to be noted that, the radial displacements of the surrounding soils
always have been ignorett. means that, the gap between the-skih and cuer-head of the
excavating machine gerfectlyfilled by grouting.

The triangular elements of 15 nodes are used to do the finite element mesh of the model (fig No.5).
The smaller elements have been taken around the tunnel and builthegs,there are @as of highly
stressconcentration, to increase the accuracy of the analysithe static analyses, the boundary
conditions at the end of the model are hinged support and at the sides of the model are roller support.
To reduce the effect of stressfledion, the absorbent boundaries are used in the model. This will
absorb the energy of the incidesttessto the boundaries and prevent thegflectinginto the model.

Also, a Rgleigh-damping of 0.01 fo@ and b ratios is considered in dynamiwodeling.

SELECTION OF ADEQUAT E ACCELEROGRAPHS

The recorded accelerographs of Nag(sv7) ancel Centro(1940) earthquakes are shown in figure
No.(7-a). Since there are no accelerograph available (neither recomtqutedicted based



Figure 3: The view of the model in case |
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Figure 4: The view of the model in case Il
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Figure 5: The finite element mesh of the numerical model
Table 2 The characteristics of the adjacent
Type of the|l The EA El Unit weight| PO i sso
material/ behavioral of the length| Ratio
structure model (kN/m) (kN.m?/m) (kN/m/m) )1 (
Zand subway | Elastic 5+10° 9000 5 0
Adjacent Elastic 1.18%10 2.329*16 12 0.1
buildings
Tunnel segmen| Elastic 6.708*10 5.03*1(¢' 7.10 0
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Figure 6: The selected accelerogtes. Figure 7: The corrected accelerogtzs.
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a) The impact of the Naghan earthquake on 1 b)The impact of the Naghan earthquake on 1
story building before excavation story building after exaation

Figure 8: Horizontal displacements of a typical one story building due to Naghan earthquake before
and after excavation of the Shiraz underground tunnel.
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a)The impact of th&l Centroearthquake on 1 b)The impat of theEl Centroearthquake on 1
story building before excavation story building after excavation

Figure 9: Horizontal displacements of a typical one story building due ©entroearthquake before
and after excavation of the Shiraz underground tunnel.

a)The impact of the Naghanrdaguake on 2 b)The impact of the Naghan earthquake on 2
stories building before excavation stories building after excavation

Figure 10: Horizontal displacements of a typical two stories building due to Naghan earthquake
before and after excavation of tBairaz underground tunnel.



