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ABSTRACT: The effect of soil structure interaction on response of the three storeyed building frame
supported on pile foundation is reported in this paper. The three storeyed frame comprises of two bays and
columns of the frames are supported by a pile. The pile is assumed to be embedded in the cohesive soil mass.
For the purpose of the analysis, simplified idealizations made in the theory of finite elements. The slab of the
frame is idealized as two dimensional plate elements, beams and columns of the superstructure frame and pile
of the sub-structure are idealized as the one dimensional bem-column elements. The soil mass is idealized by
equivalent springs. The effect of different pile diameters is evaluated on the response of superstructure through
a parametric study. The response of the superstructure considered includes the displacement of the frame.
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l. INTRODUCTION

The framed structures are normally analyzed with their bases considered to be either completely rigid or hinged.
However, the foundation resting on deformable soils also undergoes deformation depending on the relative
rigidities of the foundation, superstructure and soil. Interactive analysis is, therefore, necessary for the accurate
assessment of the response of the superstructure. Numerous interactive analyses have been reported in the 1960-
70’s studies such as Chameski [1], Morris [2], Lee and Harrison [3], Lee and Brown [4], King and
Chandrasekaran [5], Buragohain et al. [6], and in more recent studies such as Subbarao et al. [7], Deshmukh and
Karmarkar [8] and Dasgupta et al. [9]. While a majority of these analyses have been presented either for the
interaction of frames with isolated footings or for the interaction of frames with raft foundation, few of them
were focused on the interaction of frames with combined footings. In the meantime, much work is available on
pile foundation (single as well as pile group), but comparatively little work, except Buragohain et al. [6], was
reported on the analysis of framed structures resting on pile foundations to account for the soil-structure
interaction.

The work reported by Buragohain et al. [6] was based on simplified approach. Ingle and Chore [10]
emphasized the necessity of interaction analysis for building frames resting on pile foundation based on a more
rational approach and realistic assumptions and subsequently, Chore [11] reported the comprehensive
interaction analysis of a single storeyed building frame having two bays and supported on the pile groups.
Pursuant to this, Chore and co-authors [12] reported the interaction analyses for the building frame considered in
the afore-mentioned work (Chore, [13,14, 15, 16, and 17]). These analyses include the coupled and uncoupled
approaches. The building frame was modeled using 3-D finite element idealizations while the sub-structure was
idealized using 3-D as well as simplified idealizations based on the theory postulated by Desai et al [18]. The
published work considered linear as well as non-linear behavior (p-y curve approach) of the soil.

However, on the backdrop of the relatively lesser work found on the interaction analysis of multi-
storeyed frames resting on pile foundation, the analysis of three storeyed building frame having two bays are
reported in the present study. The effect of diameter of piles is evaluated on the displacement of the frame.

1. MODELING OF THE SUPER- AND SUB-STRUCTURES

The elements of the superstructure (beam, column and slab) and that of the substructure (pile and soil) are
modeled using simplified modeling approach, as the one suggested by Desai et al [19]. The slab in the frame is
idealized as the two- dimensional plate element and beams and columns of the frame along with the pile are
idealized as one dimensional beam element. The soil is modeled as the discrete independent linear springs. The
finite element formulation employed in the analyses is presented elsewhere (Chore et al. [16], a).

1. NUMERICAL PROBLEM

A three storeyed (G+2) space frame resting on pile foundation as shown in Fig. 1 is considered for the purpose
of the parametric study. The frame, 9 m high, is 10 m x 10 m in plan with each bay of dimensions 5m x 5m. The
height of each storey is 3 m. The slab, 200 mm thick, is provided at the top as well as at the floor level. The slab
at the top is supported by beams, 300 mm wide and 400 mm deep, which in turn rest on columns of size 300 mm
x 300 mm. While dead load is considered according to unit weight of the materials of which the structural
components of the frame are made up for the parametric study presented here, a lateral load of 1000 kN is
assumed to act at the three points of the frame, as shown in the Fig. 1.
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Fig.1: Typical building frame considered in the present investigation

The diameters of piles are considered as 300 mm, 400 mm, 500 mm and 600 mm. The embedment
depth ratio (L/D) is kept constant as 10. The properties of the concrete for the superstructure elements and sub-
structure element (according to Indian specification) are given in Table 1. The corresponding Young’s modulus
of elasticity and Poisson’s ratio are also given in Table 1. A soft cohesive soil is considered in the analysis.

Table 1: Material Properties

Properties Corresponding Values
Grade of Concrete used for the Frame Elements M-20
(Characteristic Comp Strength: 20 MPa)
Young’s Modulus of Elasticity for Frame Elements (E rrame) 0.25491 x 10°kPa
Grade of Concrete Grade used for Pile M-40
(Characteristic Comp Strength: 40 MPa)
Young’s Modulus of Elasticity for Foundation Elements 0.3605 x 10° kPa
(Ec Foundation)
Poisson’s Ratio () 0.15
Young’s modulus of elasticity (Es) 4267 kN/m®
Poisson’s ratio (L) 0.45
Modulus of subgrade reaction (Kp) 6667 KN/m”.

V. RESULTS AND DISCUSSION
In the parametric study conducted for the specific frame presented here, the response of the
superstructure considered for the comparison include the horizontal displacement of the frame at the storey
level, for both fixed base and soil-structure interaction (SSI) cases. The displacements of frame evaluated in
respect of various pile diameters and the fixed base condition is shown in Table 2.

Table 2: Values of displacements for various pile diameters (D)

Storey i
Height Fixed base D=0.3m D=04m D=05m D=0.6m
inm Displacem | Displace % Displace % Displace % Displace %
ent ment increase ment increase ment increase ment increase
9 9.76 26.63 172.71 24.52 151.04 23.99 145.70 23.92 145.01
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Fig.2. Effect of pile diameter on displacement

The general trend observed for all the pile diameters considered in this investigation is that horizontal
displacement is on higher side when the effect of soil structure interaction (SSI) is considered (Fig.2). For 300
mm pile diameter, at top of the subsequent storeyes, the percentage increase in displacement is found to be 343,
200 and 172% due to incorporation of the effect of SSI. The increase in the storey displacement is observed to
be 300%, 176% and 151% for 400 mm pile diameter; and 289%, 170% and 145.7% for 500 mm pile diameter.
In respect of 600 mm pile diameter, the corresponding increase is found to be 288%, 169% and 145%.

With increase in pile diameter, it is observed that the displacement at each storey decreases. However,
the difference between the displacements at corresponding storey obtained in respect of a pile diameter of 400
mm is marginal when compared with the displacement obtained for the higher pile diameters such as 500 mm
and 600 mm. The increase in diameter of the pile increases the stiffness of the sub-structure (i.e., foundation)
and therefore, the displacement decreases.

Moreover, with increase in storeyes, the displacement is found to decrease when the effect of SSI is
considered. The displacements obtained at the second storey are found to decrease by 70% on an average as
compared to that obtained at the first storey in respect of all the pile diameters. Similarly, the displacements
obtained at the third (top) storey is observed to be less by 17% when compared with the displacements obtained
at the second storey.

V. CONCLUSIONS

Based on the interaction analysis presented in this paper, following broad conclusions can be deduced.
i.  Soil- Structure interaction effect increases the displacement in each storey of the frame.
ii. With increase in pile diameter, the displacement decreases at the corresponding storeyes.
iii. With increase in number of storeyes, the displacement decreases.
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