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One of the most important factors affecting the design of the structuresis
the impact of the earthquake loadings on the forces and the design
displacements. Nevertheless, the influences of the near structures from
the existing channels, that sometimes can cause great changes in forces
and displacements, can never be neglected. Therefore, the induced
displacement due to the adjacent channels of constructed buildings
foundations has been investigated in this study. Having the results of the
study, it can be evaluated, whether the amounts of variations in forces
and displacements are in the allowable ranges, and what measures and
precautions are needed to save the structures in case of having excess
changes in these parameters. In this paper, the site characteristics of
buildings foundations are first investigated. Then the excavation of the
building is modeled, while the adjacent channels are taken into account.
Finally, the impact of the excavation on the adjacent structures under
earthguake loadings is studied and investigated. The accelerograph of El
Centro earthquake has been used for seismic analyses and fifteen stories
buildings have been modeled as well as the adjacent channels.

KEYWORDS: Channels, excavation, Earthquake, foundation depth
impact, distance between buildings impact.

INTRODUCTION

The underlying soil layer highly affects the respmmof super structures, like buildings
or bridges, exposed to seismic actions. So fagnskte studies concerning the impact
of the earthquakes on underground and ground bgsdhave been carried out. These
studies proved that underground structures arevidsgrable than the superstructures
[1]. Although large number of buildings and undexgrd spaces are without a seismic
design, they have resisted against heavy earthgu#lee example, the Mexico-city
underground building during 1985 earthquake [2] #elLos Angeles subway during
earthquake escaped quietly undamaged while marfacsubuildings were largely
damaged [3]. Consequently, the investigation othemake impact on the surface
buildings is highly important. Particularly if a itling crosses through the ground is
planned in an area which greatly covered by residleand older ancient cultural
buildings. For this reason a great attempt has b#erded to study and investigate the
effect of different earthquakes on the adjacentdmgs located on the path of the
underground foundations buildings. The effect af #arthquake on super structures
has been studied before construction of the undengt foundations buildings and has
been compared with those induced after excavatfothe building. Regarding the
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seism city of Egypt, based on the Egyptian coderaétice for seismic resistant design
of buildings [4], Egypt is recognized as a zonerdhatively high risk in the seismic
zone of Egypt, according to the results of the sastlies in the region, in spite of
medium earthquakes which have caused damages ¢aid#seof Egypt.

During strong earthquakes foundation piles tendhtalify soil deformations
significantly, since they oppose the seismic motibrthe subsoil. Further because of
the interplay between soil and piles the motionthat base of the superstructure can
significantly deviate from the free-field motiondhthe piles are subjected to additional
bending, axial and shearing stresses. The bendwmemts, usually referred to as
“kinematics” ones, may be very important even mdbsence of the superstructure.

As a main approximation in the construction of twme model, the soil is
idealized as a linearly elastic medium. To incogp@rsoil nonlinearity into this model,
the equivalent linear approach may be utilized. €haivalent linear approach is a
well-known method for site-specific response analgsd the evaluation of earthquake
effects on soil deposits. This approach is illustlawith reference to Figure 1, which
considers degraded secant stiffness (an equivdilegar stiffness) and equivalent
damping (indicating the hysteretic damping) as @resentation of nonlinear stress-
strain relationship of the soil at each specifiadas strain level. To define degraded
secant stiffness and its equivalent damping, ma&duéduction curves and related
damping ratio curves presented in the literaturg. (¢ucetic and Dobry 1991)[5] are
used. As shown in Figure 1b, knowing shear stremelly and initial shear modulus
Gmax, the value of Gsec is simply determined. Sirlyi] equivalent damping ratipis
calculated by implementing the shear strain leni the damping ratio curves (Figure
1c). The assumed shear strain level can be estinttehe basis of the anticipated
maximum ground acceleration (ATC 40)[6].

(b) (c)

Figure (1): Equivalent linear idealization of sslitess-strain hysteretic loop

The equilibrium of slopes during seismic wavesighificant effect on R.C.
buildings built besides canals, especially whendépth of these channels are largest
than foundation depth of building (Deep foundatiqpses)), where the soil mass
adjacent to the channel, which is the basis obthikling, move more freely from the
soil where there is no drilling channels did ndfeEt of soil on structural elements of
the building and its impact on the internal foroéghe building under seismic forces
large and especially in different layers of soidaseismic forces change directions
(from left to right and vice versa).
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It is worth to note that the displacement analisisot capable of reproducing
the deformation pattern of a slope / earth strgcgince actual deformations may be
spread out over a zone, leading to bulging ratien sliding. Therefore, the computed
permanent displacement should be always consideang index of seismic
performance.

Despite of the simple analytical procedure requi@dapplications that has
better prediction capability with respect to thesymo-static methods, displacement-
based methods are not commonly used in enginepraxdice because they require to
represent the seismic action by appropriate act@er time histories and then
requiring, as a consequence, a proper knowledggtefseismicity. This is why the
pseudo-static methods are the most widespreadginesgring practice for the analysis
of slope stability under seismic conditions.

In the pseudo-static approach, the earth massisresl to behave as a rigid-
plastic material and to be in a state of limit é&Quum under the action of inertia and
static forces. The inadequacy of this approachrédlipting the performance of a slope
subjected to earthquake loading has been recogffiaeda long time. The pseudo-
static inertia force is in fact considered consteuile the earthquake loading is
typically a transient action characterized by abalmnges in modulus and sign. As a
conseqguence, during the earthquake, the ratioeofdsisting to the driving forces may
drop below unity for a short period of time andlimited portions of the slope only
and this may induce some movement without causicangplete collapse of the slope.
The static equivalent force is proportional to Wheight of the potential sliding mass
through a seismic coefficient K of horizontal anertical components Kh and Kv,
respectively. The horizontal seismic coefficientssially expressed as a fraction of the
maximum site acceleration. Thus, despite some atEuassessments of seismic
behaviours of superstructures and underground ibgadindividually, their seismic
responses need to be re-evaluated together in wtheh interaction between
underground buildings and adjacent structures @aysnportant role and may lead to
different and new results. In the following secttbe method of this evaluation and the
procedures of the analyses are presented and ok ani details.

The ability to predict with confidence excavationdatunnelling induced
displacement is a crucial aspect of the designusecground movements transmit to
adjacent structures as settlements, rotations etatibns of their foundations, which
can, in turn, induce damage affecting visual appea and aesthetics, serviceability or
function, and, in the most severe cases, stalgifitjhe structures (Burland and Wroth,
1974; Burland et al. 1977; Boscardin and Cording, 1989) [7, 8, 9].

One of the main sources of seismic vulnerabilitytaty is represented by the
instability of slopes. Therefore, this is a subjettgreat significance, particularly in
view of the growing attention that has been reged#dicated to the reduction of
seismic hazard. The response of a slope under iselsating is determined by the
temporal and spatial distribution of the seismicés in the soil mass, which in turn
depend on the characteristics of the seismic iapdton the mechanical properties of
the soil. A number of different techniques existtilress this problem, each implying
some level of approximation. Experience of usingaated numerical analysis is still
somewhat limited, and it seems difficult to geniemalthe results of such complex
analyses. An advisable approach would be thatmfiog out the analysis of the same
problem using a number of approaches charactebyetifferent levels of complexity,
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in order to assess the reliability and robustndsthe different procedures. In the

present research project, different research graugue given the task of pursuing the
study of the seismic behavior of slopes using abemof different approaches, and

investigating the possibility of using the resulifsthe more advanced analysis as a
guidance for a sound and reliable use of the sishpdd most common analysis

method, that still form the backbone of professigmactice. Aversa et all. (2009).

MODEL DESCRIPTION

This study investigates the effect of seismic waneshe building which is constructed
on banks of water channel and the effect of thealod these channels.

The model is a building constructed on two layefswell defined soils,
thickness of the top layer is 12.5m and consistsenhi rigid clay (the properties as
mentioned in table (1)), and the bottom layer frdemse sand (the properties as
mentioned in table (1)) its thickness is 87.5m. Bhi#ding will be found in the middle
of the soil portion which its dimension 400m loagd 100m thick and 20m wide.

The building consists of frame system (the propsrtof its elements as
mention in table (2)). The foundation of the builgliwas a pile foundation which its
depth was 15m from badroom level (bedroom heigtrinfground level is 4m). Piles
penetrate the second soil layer by 5m (Dense saper)l Table (1) shows the
important values of the soil layers that are usethis research. Table (2) shows the
characteristics of the buildings.

Table (1): The geotechnical characteristics of thsoil layers.

Soil Soil layers Unit Weight Poisson’s Ratio Elastic modulus E
type | Depth (m) Y, (t/m’) (v) (kg/cm?®)
Q) 12.50 1.8 0.25 200
2 87.5 2.0 0.3 500
Table (2): The Buildings Characteristics.
Type of The Unit weight - :
the behavioral | EA(kgim) | El(kg.m%m) | of the length PRO'tS.SO” S
structure model (kg/m/m) atio (v)
Buildings Elastic 1.18x109 2.329x108 1200 0.1

The building specifications are:
Number of stories: 15 stories
Column dimension: 70x70cm
Beam dimension: 25x60cm

» Height of story: 3m

* Number of bays: 2

e Width of bays: 8m

* Column reinforcements: 16@16mm and stirrups 628/m
* Beam reinforcements: upper reinforcement 2812mm,
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* lower reinforcement 416mm and stirrups 628/m
« Concrete grade: £=250kg/c

e Steel grade: stb2.

« Live load : 200 kg/rh

Figure (2) shows the used model. The tested bgjliin16m wide and its
embedment depth from the ground surface is 4m. lidrezontal distances between
building and the adjacent channel is 50m. The mglavill be excavated by means of
Boring Machine using the sheet-pile to protect ékeavated trenches. The model of
soils as shown in figure (2) are two layers of 86th a specified types, 400m long and
100m wide with 20m thick. The two layers were deddinto small elements for each
is Imx1m, these divisions were within the divisiafighe building. The dimensions of
the first model channel (figure 2-i) were 50x50nd dhe distance between the upper
edge of the channel and the tested building was. 90w channel was embedded
12.5m in the first soil layer (the whole thicknesfsthe soil (1)) and was embedded
37.5m in the second soil type (soil (2)). The bwottend of the soil (as a rigid rock
base) was hinged support, and the sides of theaile were roller supports.

Figure (2-ii)) shows the details of the second tkésteodel. The channel
adjacent to building was trapezoidal cross seatith dimensions top 120m wide and
bottom, 20m wide the height of the channel was %0 the distance between the
channel and building was50m. The sides slope ofripezoidal channel cross section
inclined by 45 with vertical. The materials that form the slope=e the same material
of soil layers (1), and (2) with the same depths.

The smallest elements have been taken around fldinguand the channel,
where there are areas of highly stress concentratmincrease the accuracy of the
analysis. In the static analyses, the boundaryitiond at the end of the model are
hinged support and at the sides of the model diey supports. The tested elements in
the building were element (1) which is the framengnt (column) connected beam of
bedroom and ground floor the, element (2) frameneld@ (column) connected pile cap
and element (3), and element (3) frame elementuifmo) connected bedroom beam
and element (2). The tested points on the buildiage top point in building is top left
corner point and bottom point was the left lowemeo point adjacent building on the
ground. (see figure 2).
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Figure (2): Ground profile and the positions of éxésting structures in the selected site

Figure (3) shows the different studied cases. Tavsthe effect of the seismic
wave direction on the building existed near a cle@mnth various cross section shape,
many cases were studied.
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Figure (3): study cases
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Table (3) shows the description of different stadiases.

Table (3): the description of different studies cass

Cases Description Ear thqgake
direction
Case (1) | Rectangular cross section channel left building t teefight
Case (2)| Rectangular cross section channel left building hRig left
Case (3)| Trapezoidal cross section channel left building ttefight
Case (4)| Trapezoidal cross section channel left building MRig left
The building in the mid length of the soil
Case (5) without the existence of channels (reference Left to right
case)
The building in the mid length of the soil
Case (6) without the existence of channels (reference Right to left
case)
Case (7) The building with fixed base Left to right
Case (8) The building with fixed base Right to left

THE METHOD OF NUMERICAL MODELING

In this study a commercially available finite elamhg@ackage, SAP2000 V11 [11],
which is capable of performing dynamic analysisai-structure interaction using the
ground accelerographs, has been used. Sinceléring to investigate the impact of a
channel constructions on the response of the atjdmdglding, two different cases
have been taken into account: I) the first case,stismic analysis of the building is
performed before excavating channel, and Il) treoisé case, the seismic analysis of
the building after the construction of the channélse Elcentro accelerograph was
used to calculate the displacements of the buildibgse shear, and base moment at
different distance and different foundation depth first building. The fixed base
model was taken in consideration to compare thaltee®f different cases of the
model.

SELECTION OF ADEQUATE ACCELEROGRAPHS

The recorded accelerograph El Centro (1940) eaattejuishown in figure (4) is

selected for seismic analysis of the model (theatttum of this wave is 40sec.).
According to the Egyptian code of practice for seesresistant design of buildings
(ECOL201), Egypt is classified as medium seismisk riarea, and the design
acceleration of the area is recommended to be Gich is shown in figure (4). In

this study the accelerographs have been used formethe seismic analysis of the
model, with varied accelerations of earthquake5®,®.5¢g, and 19g) to study the effect
of excess earthquake forces in the studied cases.
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Figure (4): Elcentro accelerograph

RESULTS AND DISCUSSIONS

The dynamic analysis of model with and without #xéstence of an adjacent channel
(reference case) using the accelerographs of tikefro earthquakes was carried out.
The building was considered to be 15 stories helgased on the analysis results, the
variations of the horizontal and vertical displaess of the buildings at points (1, 2)

versus the time are shown in figure 5.

Figure (5-i) shows the lateral displacements at gomt of the building at
seismic acceleration 0.25g, 0.5g and 1g. The het@alisplacement in case (2) and
case (4) equals half the displacement values incdmes 1, 3, 5 and 6 for all
acceleration (0.25g, 0.5g and 1g). The buildingords the minimum values of
displacement in the case 7 and 8 (the fixed basesta

Figure (5-ii)) shows the horizontal displacement the adjacent point of
building on ground level. The values of displacetreme so close (cases 1, 2, 3,4, 5
and 6), but the ratio between these values anddiresponding displacement in cases
7, and 8 equals nearly 10.

Figure (5-iii, iv) show the vertical displacemeatstop and ground point close
to building at accelerations 0.25g, 0.5g and 1g Vértical displacements in all cases
are so close, but the ratio between these valugsh@ncorresponding displacement in
cases 7, and 8 equal nearly 38.
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Figure (5): Horizontal and Vertical displacemeritshe Model for Top and bottom
points

Figures (6) i,ii, and iii show shear force in ditfat cases for elements 1, 2,
and 3 respectively (base element (1), column bel@ment (2) and ground surface
element (3)), elements (1,2) are located underrgtou

In figure (6-i) concerning shear force for eleméghj, it is clear that the
maximum shear force appear in case (2), but thé@maim value of shear force clear in
cases (5, 6, 7, and 8). The values of shear fortdsase element (1) gradually
decreased from case (2, to 1, and 4, 3,5,6,7,9e 8a The maximum shear force in
element (1) at case (2) (rectangle cross sectianre) appear because of the direction
of earthquake opposite the channel placement soptliding resist the sliding to
channel by a high value of shear in this elemeaseS (5, 6, 7 and 8) shear force
nearly is equals for all acceleration values.

In figure (6-ii) base shear force for element {)s clear the maximum shear
force appears in case (2), but the minimum valughefr force clears in cases (5, 6, 7,
and 8). The values of shear forces in elementr@juplly decreased from case (1, to 2
and 3, 4,5,6,7, to case 8). The maximum shear foreéement (2) at case (2) appear
because of the direction of earthquake oppositehianel placement so, the building
resist the sliding to channel by a high value @ashn this element. Cases (5, 6, 7 and
8) shear force nearly is equals for all accelerati@ues.

In figure (64ii) shear force for element (3) (at ground surface); it is clear the
maximum shear force appear in case (3), but th@maim value of shear force clear in
cases (7 and 8) then case (2, 4, 1, 6 and 5). Bxémum shear force in element (3) at
case (3) appear because of the direction of eaakagun the channel placement so, the
building resist the surface forces and the condejimt between the beam and the
column (element (3)). Cases (7 and 8) shear faneasly are equals for acceleration
values.
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Figure (6): Shear force for elements (1, 2, and 3)

Figures (7) i,ii, and iii show moment for elemedts2, and 3 respectively. It is clear
from figure (7-i) moment of element (1) having aximaum value in case (1) and
gradually decreased in the other cases (2, 3,,4,5a0d 8), the minimum values
appear in the case (8). The minimum values of momecur in the case (3) (the effect
of soil takes in consideration) (the earthquakedlion pass through the trapezoidal
channel before the building) and the value of bemdiearly close to the value of the
case (7) (fixed base case). The bending momertiarhigh acceleration earthquake
(1g) recoded a high moment values nearly 4 times/éiues of moments under 0.25g
acceleration earthquake.

Figure (7-if) shows base moment of element (2),mia&imum moment value
is at case (1) and gradually decreased in the other cases (2, 3, and 4); the minimum
values appear in the case (5,6,,7,and 8) and thessare nearly closed. The minimum
values of moment occur in the case (3) (the efédoil takes in consideration) (the
earthquake direction pass through the trapezoidahmel before the building). The
bending moment in the high acceleration earthqudkp recoded a high moment
values nearly 4 times the values of moments undgOacceleration earthquake. The
element (2) subject to a high values moments thement (1) (nearly, the values in
element (2) equal 2.5 times its values in elem&)j)t because of it is connected with
the base foundation of the building.

Figure (7-iii) shows moment of element (3), the maxn moment value is at
case (3) for all values of acceleration (0.25g-4L§) the minimum values appear in
the case (1, 2, 4, and 6 with taking the soil ¢ftecconsideration) and the values are
nearly closed. The minimum values of moment in ¢&send 8) (fixed base case). The
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bending moment in the high acceleration earthqudkp recoded a high moment
values nearly 4 times the values of moments undglacceleration earthquake. The
element (3) subject to a high values of moments #laments (1,2), because of it is
connected with the beams at ground surface level.
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Figure (7): Bending moment elements (1, 2, and 3)

Figure (8) shows the axial force for elements lar®] 3 respectively. In figure (8-i)
shows normal force in element (1), the maximum &adti axial force appear in case
(3) in all acceleration values, the minimum valeesur in case (4) (the earthquake
direction behind the building). Minimum values ofia force display in cases (7, 8)
(fixed base cases) wherever the direction of eaetke. The values of axial force in
earthquake acceleration 1g equal nearly 4 timewvahees in earthquake acceleration
0.25g. The values of axial force in cases (1, 25 dnd 6) nearly equals a value equal
1.7 times the value in case (3).

Figure (8-ii) displays the axial force in elemeB}.(The values of axial forces
nearly are equal for all earthquake acceleratiazases (1, 2, 3, 4, 5 and 6). Axial force
in cases (7,8) is equal and nearly equal to 4 timesalues in cases (1,2,3, 4, 5 and 6).

Figure (8-iii) shows axial force in element (3)etmaximum value of axial
force appear in case (3) in all acceleration valtles minimum values occur in case
(2) (the earthquake direction behind the buildingjnimum values of axial force
display in cases (7, 8) (fixed base cases) wherthneedirection of earthquake. The
values of axial force in earthquake acceleratioredgal nearly 4 times the values in
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earthquake acceleration 0.25g. The values of &xieés in cases (1, 2, 4, 5 and 6) are
nearly equal to 6.7 times the value in case (3).
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Figure (8): Axial Force for elements (1, 2, and 3)

CONCLUSIONS

The impact of the channels on the seismic resparfshe adjacent high rise buildings
has been studied and investigated. The SAP2000 [V1]Lfinite element package
capable of performing dynamic analysis has beed tsenodel the site and existing
buildings, soil and channels. The El Centro acogieph is used to apply the seismic
loadings to the model. Typical 15 stories buildmigh deep foundation system (piles
with depth of 15m under bedroom level which is leigthan channel bed level) was
considered in this study.

The effect of shape of channel (rectangle or trajoi), was also considered.
The effect of soil-structure interaction on thedicéed settlements and footing loads of
two-dimensional multi-bay framed structures hastiaeestigated.

The results of the analyzed examples showed that leedistribution
significantly modifies the pattern of and mitigatedifferential settlements.
Furthermore, the footing loads may increase oredse due to the consideration of the
effect of shape of channel (rectangular or trapkhi Structures and their supporting
soils should, therefore, be considered as a orteraysnd taking their interaction into
account is essential for reasonably obtaining ateumpredictions of both soll
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settlements and distribution of forces in the dtiad members. Even if neglecting the
interaction effect do not result into harmful damsgit would however considerably
reduce the margin of safety, or result in over+aderestimation of the real shear, axial
force, and bending moments of the structural member

According to the obtained results, the maximumateans of the horizontal
displacement of the buildings after channels extiawvaluring the above considered
earthquakes increased by 18 to 24% which is corahiie value, and for vertical
displacement changes increased by 17 to 21% wipent to the model with and
without the existence of an adjacent channel (eefe case).

The variations of shear force rang from 7.5 totires the shear in the alone
model, axial force in the building elements inceedy 10 to 20% of reference case,
and the bending moment increased by 7.4 to 1.2stiofethe bending moment in
reference case.

Based on the present study, the horizontal andcaémisplacements, shear
force, axial force and bending moments induced Ha &djacent buildings near
excavate channels highly depend on the shape ofhhenels, earthquake direction
and foundation type.

The three dimensional building and soil model stwdil give a realistic
seismic behavior of the building response neartiegischannels under earthquake
load.
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