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Abstract- Framed structures are usually analyzed with thegeb considered to be either completely rigid or
hinged. However foundations resting on deformablés sindergo deformation depending on relativeditigs
of foundation and soil. Even though pile perfornestér than shallow foundation in seismic load, fioear soil
behavior and dynamic loading create a complex motioe to soil action on pile. In the current stulg
seismic behavior of a building frame and the suppgmpile was studied by considering the non liitezs and
contact interface at soil pile interface. For tha8-D finite element analysis was carried out usiiNSYS
software by modeling a building frame with basemeall resting on grade beam supported by pile gréup
parametric study was conducted to understand thespil behavior by varying pile number in a grdap 3 and
5), soil properties (soft clay and loose sand) switipile contact condition (smooth and bonded)asrgkismic
load. The dynamic response of pile-structure systexa studied by considering the displacement, staesl
acceleration at various points. Transient dynamadysis was done using Kobe earthquake detaigastfound
that pile number in a group, soil properties andtact condition significantly affects the seismésponse of
structure. Soil-structure interaction effect foundincrease displacement in the range 78 - 98%peoad to
conventional method of analysis.

Index Terms- Framed structure, pile group, grade beam, nontiities, fixed base, seismic response.
Element Analysis system to study soil structure

1 INTRODUCTION interaction by Hiss modeling. Drawback of his work

The impact of seismic load on pile supported
structures has been a matter of concern since sow@s he ignored damping of foundation subsystem. On
greater earthquakes. Pile being a deep foundati@®03 Lu etal studied dynamic soil structure
deemed to perform well in earthquake prone aredgteraction supported on raft foundation. More
than shallow foundation. A review on the damagetational work in this field was on 2007 by Ingledan
due to earthquakes shows that they have disastrddBore, they conducted 2-D analysis on pile supgorte
impact not only on superstructure but also offame structure. But the basic problem in thisdfied
structures embedded in soil. Being the mos8D in nature. Later on 2008 they reported uncoupled
commonly adopted deep foundation; studies on trsteraction analysis by shell, beam and spring
seismic response of structures supported on piglements. On 2010 he studied the effect of soil
foundation are significant. structure interaction on single storied two baynfea
Previously the response of structures to easke Structure supported by pile group embedded in loiay
excitation was studied by considering the foundatiosubstructure approach (uncoupled interaction) Iy 3-
of a structure to be rigidly fixed to the grounchi§ FEA. In this study the actual interaction has been
approach makes calculations easier and deliveck quineglected by replacing soil with springs. On 2012
solutions. Neglecting compressibility of soil massReddy et.al studied the soil structure interactioth
results in redistribution of bending moment andashe experimentally and numerically on modeled building
force. The actual response of a structure to eaatkey frame supported by pile group connected by plinth
excitation is highly complex and depends orbeam. For numerical FEA analysis, soil was modeled
interaction of superstructure, foundation and sail by spring elements and structure modeled usingd shel
which it rests. During past and recent earthquakesand beam elements. More recently Sushma et.al at
was realized that soil structure interaction effgatys 2013 presented a 3-D FEA nonlinear analysis by
an important role in determining the behavior oflirect method on framed structure supported by pile
structures. So this work is an investigation on théundation to study dynamic soil structure intei@et
seismic performance of frame supported on pile From the above studies it became clear that ofos
foundation considering soil-pile-structure interast ~ the numerical studies regarding soil structure
Several studies have been made on the effect bf sdnteraction, actual case is not attained due to the
structure-interaction problems from time to time irproblem of large computational time and spacehén t
attempt to obtain more realistic analysis. In 2@20 past works substructure approach was used instead o
etal developed 3-dimensional nonlinear Finitelirect approach in order to control the computation
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time, but this method neglects the combined efféct
kinematic and inertial interaction. Instead of two
dimensional analyses, three dimensional nonlinear
analyses needed to simulate the actual soil steictu
behavior because the soil-foundation-structure goes [
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nonlinear state under seismicity. o
In this work, non linear 3-D FEA analyses were

conducted on building frame with basement wall t +

resting on grade beam supported by pile foundation. P &p”e(;ap

To study the dynamic soil structure interaction by Beam

direct method, this system is subjected to seismic a8 .
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2. NUMERICAL PROBLEM

Frame with basement wall, resting on grade beam,
supported by pile group is commonly seen in
multistoried buildings. Here a similar structuresha
modeled since the earthquake performance of 4 b LI
structures supported by piles with combined velrtica .

and horizontal load is significant. So the struetwas 3

designed for vertical as well as lateral load duedil Fig.1. Dimension of 5 piles in a group in loosedsan
pressure using IS 456-2000, 1S-2911-Part 1-1979 and (All dimensions in m)

IS SP 16-1980. The superstructure has the same

dimensions in all models. Soil dimension is takerBa

times the pile cap size. Columns are of 3 minteng3 FINITE ELEMENT MODELING

and 0.6 x 0.6 m in size. Beam is 4.8 m length aBd O ] ] ] o
x 0.6 m in size. Wall size is 0.3 x 2.4 m and has BNon linear three dimensional finite element metbbd

height of 2.4 m. Grade beam dimension is 0.3 x10.5 analyses was adopted for the study. Direct mettiod o
length is 4.2 m for single pile and 2.4 m for pilednalysis is used so that the structure and soilefedd

groups. Pile cap thickness is 1 m, its size foglgin Simultaneously and analyzed. The software used for
pile is 1.2 x 1.2 m and for pile groups it is 3 8 Modeling and analysis is ANSYS 15. Six models were

Pile considered in this study is pure friction pteas Ccreated by varying pile number in sand and clag. Fi
the number of pile in a group decreases the leafjth 2. shows the model of single pile in loose sandl So
pile increases. RCC Piles are square in size wilHas modeled using Drucker-Prager constitutive model
dimension 0.6 x 0.6 m. For friction piles the pileto incorporate nonlinear material behavior. Thetdin
length varies with the number of piles and soiletyp €lement used for c_iiscretisation of soil and stmgctu
the pile length obtained after design is showraisle Were 8 noded solid element. This element has the

1. The dimension of the structure obtained for|6spi Capability to incorporate the reinforcement. Von
in a group is shown in Fig. 1. Mises failure criterion was used to define theufia!

) ) ) of concrete. In order to understand the influente o
Table 1. Pile length for corresponding pile number gojl—pile interface in seismic behavior the smoarid
bonded condition was considered. Pile may be stick
Sand Clay on soil or may be separated or in between these two
conditions. So by considering the coefficient of
internal friction between pile and soil as zero and,
1 3 5 1 3 5 two extreme cases were included. Material propeertie
pile | pile | pile | pile | pile | pile for structure and soil are given in Table 2 andlg&b

18m| 9m 6m 72m 27m 19T1
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ﬂzj’l 4. RESULTSAND DICUSSION

A modal analysis was primarily conducted in order t
examine the possibility of resonance in soil stiuet
system. Exciting frequency of Kobe earth quake was
4.48 Hz and the frequency obtained for soil stmectu
system varies between 0.2117 Hz to 1.8 Hz. Hence
there is no possibility for resonance. Fundamental
time period obtained for fixed base analysis was
0.0414 seconds while considering soil-structure the
fundamental period ranges in between 0.735-3.15
seconds. By neglecting soil structure interaction
] - o fundamental period is under estimated. While
Fig. 2. Model of single pile in loose sand providing fixed base the foundation is assumed as
Table 2. Material properties of structure rigid. In soil-foundation-structure interaction the

foundation flexibility is also considered. Incredse
flexibility of model subjected to analysis increashe

X

Properties Value fundamental period and therefore reduces base.shear
— After this a transient analysis was conductedilie
MOdUIZUS of Elasticity, & 2783 x 10 supported frame with varying pile number, solil
(kN/m’) properties and interface condition. The result iolei
Poisson's ratio 0.15 after analysis was plotted in terms of displacement
stress and acceleration versus time plot. The
Density (kg/ni) 2400 displacement, stress and acceleration plot for dram
Shear ransfer coefficient supported by five piles in a group embedded in soft
0.2 clay under bonded condition is as shown in Figé 3,

for open crack, ) and 6
Shear transfer coefficient '

for closed crack,f) 0.9
— - 0]
Uniaxial crushing stress,
f. (kN/m?) 3830 = .0.005 2 4 6 8 1012 14 16 18 20
Uniaxial tensile cracking ?:’
stress, fkN/m?) 3750 Z 0.01
. . . 5 -0.015
Table 3. Material properties of soil =
. 7 002
Homogenous soil )
Properties Loose Soft -0.025
sand clay 0.03
I\E/lo(dkLli]I/uriz)Of elasticity, 25000 4000 Time (s)
Psoisson's ratio 03 03 Fig. 3. D_isplaf(t:e||”nent t:jmet?raghdof 5 pgl;as embedded
Density (kg/m) 1800 1700 in soft clay under bonded condition
Cohesion (N/rf) 0 25000 o
Angle of internal 30 0
friction 4 g s C o lUNN
Dilatancy angle 10 0 ; top
. . . 26 Colunn
One of the major disastrous earthquakes in hwhic o base
pile supported frame structures undergone seve — 4 P'f
damage was 1995 Kobe earthquake at Japan. \f/ te
acceleration time history of this earthquake havini # 2 head
magnitude of 6.9 was considered for this studynglo | = —Piletip
with transient load vertical and horizontal stdted 0
was provided. Fixed boundary condition was provide 1 20
at the soil bottom and movement at x and z directio Time (s)

was restricted at the lateral faces of soil. Since

earthquake primarily acts on soil medium, the s&ism Fig. 4. Stress time graph of 5 piles embeddedfin so
load was applied on to soil at the base. clay bonded condition
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obtained results are summarized in the table 4e &b

Maximum vertical displacement obtained from thél’able 6 and Table 7.

above graph is 0.0253 m and the maximum stress i$able 4. Vertical displacement obtained by trartsien
8150 kN/nf. From the stress diagram the column base

analysis

stress, pile head stress and pile tip stress @utais

1820, 1040 and 40 kN/mrespectively. Displacement Pl L oose sand (m) Soft clay (m)

contour for 5 piles in clay under bonded condition rcl)ue

shown in Fig. 5. 9"OUP | smooth | Bonded | Smooth | Bonded
1 pile | 0.0335 | 0.0272| 0.0943 0.090
3 pile | 0.0125 | 0.0113| 0.029 0.0273
5pile | 0.0105 | 0.0093| 0.0276 0.0258

Conventional method — 0.002 m

Table 5. Stresses obtained by transient analysis fo
frame supported by single pile.

L oose sand Soft clay
| Stress (KN/m?) (KN/m?)
ocation Smooth | Bonded | Smooth | Bonded
column | gn90 | gog3 | 8240 | 8187
top
- Column
0 00525 0105 L1575 021 base 2490 2370 2500 1970
002625 007875 013125 18 0253 Pile
. . i 3570 3150 3150 2400
Fig. 5. Displacement contour of framed structurthwi | head
5 piles in clay under bonded condition Pile tip | 2300 390 540 390
4 Table 6. Stresses obtained by transient analysis fo
~ 3 . Bonded frame supported by 3 piles in a group
= 2 ; ....... Smooth L oose sand Soft clay
S .k ' Stress (KN/m?) (KN/m?)
= R .
'% 0 : location Smooth | Bonded | Smooth | Bonded
(3 o ¢ L
g -l OS54 —20 column | g590 | gogo | 8210 | 8190
S i top
< -2 p
3 Eo'um” 1660 | 1610 | 1500 | 1470
ase
Time (8) ;
Pile ~ 1790 | 700 | 980 | 890
head
Fig. 6. Acceleration time plot of 5 piles in clagder -
smooth and bonded condition Piletip | 190 180 26 20

Acceleration of the system got increased i th Taple 7. Stresses obtained by transient analysis fo

smooth condition than bonded shown in Fig. 6.
increased about 60%

Acceleration

friction between pile and soil is zero, the slidiof

for

smooth
condition than bonded. As in smooth condition the

pile with respect to the soil increases hence the
acceleration in smooth case increases. In the afse
smooth condition the frictional resistance offered
between pile and soil is minimum hence more

response for smooth condition.

Similarly the graph and contours of frame
supported by single pile and 3 piles was plotted an

frame supported by 5 piles in a group
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L oose sand Soft clay m. While compared to the maximum response
Stress (kN/m?) (KN/m?) obtained by considering soil foundation structure
location Smooth | Bonded | Smooth | Bonded interaction (SFSI) the responses obtained by fixed

base analysis (conventional method) are very low.

Column 8080 8070 8210 8150 About 98% of incrgase for d.isplacement in SFS_I
top compared to FB. While comparing the stress levels i
Column FB and SFSI, stress levels are more for FB shown in

base 1340 1200 2630 1820 Fig. 7. The maximum stress at column base for FB is

4013 kN/nf and for SFSI it is for 5 piles in sand

Elelzid 560 80 1070 1040 smooth condition 2630 kN/mPercentage increase in
stress for FB found to be varying between 35-70%.
Pile tip | 160 40 220 50 The acceleration of fixed base and soil structure

foundation is compared in Fig. 8. From the figure i
As the pile number in a group increased thbas observed that increase in response for SFSi whe
displacement get decreased. When pile numbeobmpared to fixed base is because of accounting for
increased from single pile to 5 piles in sand théhe kinematic and inertial interaction. That istins
displacement decreased about 69% as that of singjeund acceleration is getting altered before reach
pile for smooth condition and 65% for bonded. Fothe surface because of presence of soil that é sit
clay displacement decreased 70% as that of siriigle peffect and also the presence of stiff foundation
for smooth and 72% for bonded. Maximum decreasglements that is kinematic interaction. In the cake
in displacement is for piles in clay under bondedoil foundation structure interaction system the
condition. This clearly indicates that increase impresence of soil and foundation make a considerable
number of piles in a group enhances the stiffnéss ohange in response with a shift of natural peribthe
pile group and therefore decrease in displacemesystem which plays a major role in the response. At
observed. Similarly stress generated are algbe time of shaking there is a change in dynamic
decreasing with increase in number of pile in augro characteristics of the soil. The stiffness and damp
the maximum percentage decrease is 99% observelthracteristics of soil may change significantly

for pile in sand under bonded condition. because of this interaction effect.
Displacement as well as stress increased irogmo

condition compared to bond. In sand the displacéme 5000 —FB

value for 1 pile, 3 piles and 5 piles in smooth 4000 14 SFST

condition increased by 19, 10 and 12% respective o

compared to bonded. While in clay the displaceme f’“‘; 3000

value of for 1 pile, 3 piles and 5 piles in smooth £

condition increased by 5, 6 and 9% respectivel] = 2000

compared to bonded. In the case of stress maximu éj 1000

percentage variation observed as 83% for singke pi| =

in sand at pile tip. The maximum increase observe 0 L e I A

for single pile in sand. Because in smooth conditio 02 4 6 8 10121416 18 20

the coefficient of internal friction between soihca Time (5)

pile is zero, hence the chances of sliding anu

formation of gap between the pile-soil interfaces a
more.
Stress value is decreasing from column heauiléo

Fig. 7. Comparison of stress response of fixed base
and soil structure system

tip. But for structure supported on single pileclay 30

and sand the pile head stress is more than colasm b| _

stress. For single pile in sand, percentage inereés _r_“g 20 SFSI
pile head stress is 30.25% than column stress @nd g _______ FB
bonded 25%. In clay it is 21% in smooth and 18% i z 10

bonded. Maximum stress is observed for singleipile = 0

smooth condition. From previous earthquake &

behaviors of structures, it has been found thatymar § -10 10 20
failures have occurred at the junction of -

superstructure and foundation. It beiagvulnerable -20 . .

point, the stress at that point deserves atterdih Time ()

hence is reported here.

A dynamic analysis was also carried out byFig. 8. Comparison of acceleration response offfixe
providing fixed base (FB) at the structure. The base and soil structure system
maximum vertical displacement obtained was 0.002
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5. CONCLUSIONS

The following conclusions are obtained by condugtin
dynamic analyses on pile supported modeled buildir[g]

frame.
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1. As the pile number in a group increases the
displacement and stress decreases. The
maximum percentage decrease of4]
displacement is 72% for clay in smooth
condition. For stress it is 99% for sand in
bonded condition. [

2. Pile soil interface effect considered in terms
of smooth and bond condition resulted as the
displacement and stress for smooth conditiof6]
more than bonded. The maximum percentage
increase in displacement is 19% for single
pile in sand and 9% in clay for 5 piles.

3. The stress is maximum at column head ang]
gets decreases as it reaches the pile tip. The
maximum decrease of 100% was observeR;]
for 3 piles in clay under bonded condition.

4. In single pile the pile head stress is morg9]
than column base stress. For single pile in
sand there is a maximum increase of pile

5]

Seismic Response of End Bearing Piles.
Proceedings of Indian Geotechnical Conference,
Roorkee, pp. 22-24.

Cai, Y. X.; Gould, P. L.; Desai, C. S. (2000):
Nonlinear analysis of 3D seismic Interaction of
soil-pile-structure  systems and application.
Engineering Structures 22, pp. 1399.

Chore, H. S.; Ingle, R. K. (2008): Soil Structure
Interaction Analyses of Pile Supported Building
Frame. AJSTD25(2), pp. 457-467.

Chore, H. S.; Ingle, R. K.; Sawant, V. K. (2010):
Building frame pile foundation soil interaction
analysis: A parametric study. Interaction and
Multiscale Mechanics. ASCB(1), pp. 55-79.
Ghambir, M. R. (2011): Fundamentals of
Reinforced Concrete Design. Prentice Hall of
India private limited.

IS 456 (2000): Plain and reinforced code of
practice, Bureau of Indian standards.

IS 2911-Part 1-(1980): Code of practice of design
and construction of pile foundation, Bureau of
Indian standards.

head stress, which is 30.25% more thaktOlLU, X Chen, B.; Li, P.; Chen, Y. (2003):

column base stress in smooth. In clay also
maximum percentage increase for smooth,
the value is 21%.

Numerical Analysis of Tall Buildings
Considering Dynamic Soil Structure
Interaction” J. Asian Archit. Build2(1), pp. 18.

. [11]Murthy, V. N. S. (2008): Soil Mechanics and

5. Acceleration of the soil structure system in
smooth condition more than the bonded
condition.

6. After modal analysis the fundamental period
obtained for fixed based structure found to be
less than soil-structure system. Hence by
neglecting the effect of soil the fundamental
period of the system is under estimated.

7. Displacement and acceleration obtained by
considering fixed base structure is very less
compared to soil structure interaction. The
displacement increases in the range of 78-
98% when effect of SFSI considered. Stress
is more for fixed base analysis compared to
SFSI, at the column base the stress is
increased in the range of 35-70%.
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