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EFFECT OF ROCKING FOUNDATION INPUT MOTION
ON THE INELASTIC BEHAVIOR OF STRUCTURES
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A parametric study is applied to determine the effects of rocking foundation input motion (RFIM) on the nonlinear behavior of
SDOF elasto-plastic structure considering soil-structure interaction (SSI). A new lumped parameter model considering SSI is
constructed based on the results of the thin layer method (TLM) for different embedment ratios of foundations taking place on
homogeneous elastic half-space. After that the soil-structure model is analyzed under some earthquake records. Consequently, it is
claimed that by increasing ductility factor values, the effect of RFIM becomes more important especially for high-rise buildings having
deep embedment ratios. The reason of this phenomena is considered that equivalent elastic stiffness of superstructure becomes softer
for increasing values of ductility capacity, therefore the additional force coming from the rocking input motion becomes more

important than inertial interaction for the response of the superstructure.

Keywords : Soil-structure interaction, Nonlinear structural analysis, Lumped parameter models, Foundation
input motion, Ductility factor; Embedcded foundlation
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1. Introduction

To determine the damage to structures during large
earthquakes, soil-structure interaction (SSI) becomes very
important in some situations especially for low and middle rise
buildings. Therefore, researches on this topic are necessary for
earthquake resistance design to understand the key parameters
of SSI that influence on inelastic behavior of superstructures.

As it is known, the effect can be analyzed under the subtopics
named as kinematic interaction (KI) which occurs due to rigidity
differences of foundations and the surrounding soil, and inertial
interaction which relates to mass properties of the structure. In
the pioneering works done by Jennings and Bielak [1], Veletsos
and Meek [2], Veletsos and Nair[3], and Veletsos [4] improved a
replacement oscillator, which has modified period and damping
values according to soil-structure interaction effect for the single

degree of freedom system (SDOF) by taking the foundation input

motion (FIM) as free field motion (FFM) because of surface

foundation situation. Although their approximation is
reasonable only for surface foundations, Bielak [5], and Aviles
and Perez-Rocha [6] analyzed embedded foundations under the
FFM neglecting the effect of KI. KI is also neglected at American
design codes [7-10]. On the other hand, in Japanese design code,
KI is considered but rocking foundation input motion (RFIM) is
not considered [11]. Nevertheless, according to Luco [12], using
the horizontal and rocking foundation input motion (RFIM)
instead of FFM is important for reliable results. Moreover,
according to Morray [13], the peak values of the acceleration
response spectra are underestimated if the effect of the RFIM is
neglected. Therefore, the sensitivity of analyses on RFIM should
be researched.

Moreover, according to Kawashima et al [14], effect of rocking

component of effective input motion increases with increasing
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high frequency component of input motion according to results of
large shaking table test study, and correlativity of horizontal and
rocking component of effective input motion is low. Kawashima
et al [15] assert that stiffness of superstructure has an influence
on rocking component of effective input motion and rocking
component of effective input motion is more effective on short
period structures according to 86 seismic events within the 14
years in Japan. On the other hand, in our study foundation input
motion is used instead of effective foundation input motion that
also includes effect of response of superstructure in the analyses.

All  the

soil-structure systems. However, as it is known, structures

aforementioned studies include only elastic
behave severely beyond the elastic region of the material during
strong earthquakes. The early study about the response of
elasto-plastic structure considering SSI is done by Veletsos and
Vebric [16]. In their study, it is asserted that the effect of
inelasticity of structure diminishes the relative stiffness of
structure to the soil, therefore the effect of SSI decreases.
According to Bielak [17], on the resonant frequency, structural
deformations become large for an inelastic structure having a
surface foundation. Lin and Miranda [18] research the effect of
SSI on the maximum inelastic deformation of SDOF systems by
taking the KI effect as the low-pass filter. Jarernprasert et al.
[19] analyse the SDOF elasto-plastic structure embedded in
elastic soil without the KI effect. Moreover, Mahsuli and
Ghannad [20] assert that ductility demands for embedded
foundations increase with increasing their embedment ratios,
especially for the embedment ratios bigger than one due to the
effect of RFIM. And in their study the lumped parameter model
(LPM) given as Wolf [21] for embedded foundations is used as a
soil model for the analyses. Although this model is very
convenient to consider the nonlinearity of superstructures due to
having frequency independent elements, it is built up for
Poisson’s ratio equals to 0.25 because of the lack of reliable data
for other values of this parameter. However, as it is known, for
soft soil conditions, where SSI effects can be seen more severely,
Poisson’s ratios are observed higher, up to 0.5. Moreover, in the
aforementioned study, height of the SDOF structure is taken
independently from the fixed base natural frequency which may
represent unrealistic structural characteristics, and only records
of active fault earthquakes are considered, so the results cannot
be generalized to subduction zone related earthquakes.

In this study a new LPM is constructed depending on the
embedded

embedment depth placed on the elastic half-space for the

impedances of foundations having different
Poisson’s ratio equals to 0.42 and shear wave velocity value equal
to 100 and 200 m/s to represent the soft soil conditions. Poisson’s
ratio is selected as 0.42 as a case of soft soil condition and fixed
for the analyses in this study. Moreover, it should be noted that

this method is applicable for other Poisson’s ratios. After that
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non-linear earthquake response analyses by using the proposed
LPM model are carried out under active fault and subduction
zone earthquake records considering with and without RFIM to
get the effects of RFIM on the ductility demands of structures.
Additionally, it can be said that the method of analysis is more
reliable than the Mahsuli and Ghannad [20], because the created
LPM is more reliable for soft soil conditions (Poisson’s ratio
equals to 0.42 instead of equal to 0.25) where SSI effect can be
seen more severely and the parameters selected for the
superstructure make easier to understand which kind of
structures are affected from SSI intensively by taking
predominant periods (between 0.2 and 3 seconds) of
superstructure related to their aspect ratios and assuming the

ductility capacities under the fixed based condition as 2, 4, and 6.

2.  Analysis Model and Method
2.1 Analysis Flow

As it is known, determining the exact impedances and input
motions for foundations requires rigorous mathematical
techniques such as the finite element method. To manage this,
Meek and Wolf [22] assert a simplified method by using double
cone analysis to obtain the impedances and FIM of embedded
foundations. Due to the simplicity, the lumped parameter
method improved by Wolf [21] is used and the horizontal and
rocking foundation input motions are calculated by double cone
analysis [23].

The flowchart of the method can be seen in Figure 1. The
analysis is applied in the two stages: first driving horizontal and
rocking motions are calculated and then these forces are
implemented to get the total motions of structure.

Horizontal and

The Acceleration The Control

Record of Motion in Rocking
Earthquake in ‘ Frequency ‘ Founda(ion Input
TimeDomainat Fast Fourier ~Domain  Double Cone Motions
Free Field Transform Analysis
Frequency Domain Analysis on
Lumped Parameter Model
Time Domain Analysis
on Lumped Inverse Fast
Parameter+ Upper Fourier .
The Total Structure Model Horizontaland  Transform ;‘ or:(gomgl .z\” ?:
Response of — Rocking o<;: ing Driving
Structurs Driving Forces e
Considering in Time Beguetxcy
Ssi Domain main

Fig. 1 Flowchart of the analysis method

2.2 Outline of New LPM

A LPM is a very efficient tool for time domain analysis of SSI,
since it has spring, dashpot, and masses which are frequency
independent, and also it is able to be analyzed under the
well-known numerical methods, according to Saitoh [24]. In this
study, a new LPM is improved by using the systematic procedure
of Wolf [21] for the Poisson’s ratio of soil equals to 0.42. In this
method the exact values of dynamic stiffness, which are obtained
by different techniques such as the TLM, are divided into the
regular and singular part (the value of the impedance calculated

by using dimensionless spring and dashpot values for infinite



frequency) as it is seen in Equation (1), Equation (2) and (3)
respectively according to the rule of Wolf [21]. In these equations
Sis the dynamic stiffness, S is the singular part of the dynamic
stiffness, S is the remaining regular part of the dynamic
stiffness, Kis the static stiffness, p and ¢ are real coefficients of
the polynomials, V is the degree of polynomial placed on the
denominator, k(a0 and «ap) are spring and dashpot coefficients
of the dynamic stiffness, k£ and care values of spring and dashpot
coefficients of the dynamic stiffness at the infinite frequency, and
ap is the dimensionless frequency that can be seen in Equation
(4), where ® is the circular frequency, Vs is the shear wave

velocity of the soil, and ris the radius of the foundation.
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curve fitting technique on S, by using the least square method to
obtain a minimum ¢2 value as it is seen in Equation (5) where @
and P represent the polynomials placed on the numerator and
denominator of Equation (3) respectively and w(ao) is the weight

function.
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After that, the regular part of the dynamic stiffness is written

in the form of the partial fraction expansion at Equation (6)

where s are the roots of @, A are the residues at the poles.

S N4,
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Since the N is taken as 1 in this study, Equation (6) can be
written in the form of Equation (7) for NV=1.

S, (iao) 4,
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The dynamic stiffness of the foundation can be represented by
a combination of the models seen in Figure 2 and Figure 3
physically. If we consider the dynamic stiffness of the model seen
in Figure 2 and given in Equation (8), we can easily determine
the A; and s1 values to match the dynamic stiffness of the model
to the regular part of the dynamic stiffness by using Equations
(9)-(10).

Fig. 2 The model selected to Fig. 3 The model selected

represent the regular part of to represent the singular

the dynamic stiffness part of the dynamic stiffness
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And the singular part of the dynamic stiffness can be
represented by the model seen in Figure 3. This systematic
lumped parameter method rule is taken from Wolf [21].

The aforementioned technique is reliable when coupling is
neglected. However, as it is known, horizontal and rocking
degree of freedoms of embedded foundations interact with each
other. To solve this issue, discrete impedance values represented
by horizontal, rocking and coupling parts of the model are
calculated as it is shown in Equations (11)-(13), where e is the
embedment depth of the foundation, Shs S, and Sk are
horizontal, rocking, coupling dynamic stiffness values of the rigid
foundation respectively. S#ss, S";,q», and S, are dynamic stiffness
values of horizontal, rocking, and coupling part of this model
respectively. By using this discretization, the curve fitting
technique can be applied to each part of the model separately.

The new model is shown in Figure 4. The main difference of
this model from that introduced by Wolf [21] for embedded
foundations is that this model has a fictitious mass not only for
rocking part but also for coupling part due to the high frequency

dependence of the coupling impedance.

Sp Coupling

S, Horizontal
C e

S;" Rocking

5|c2,

M,,

Fig. 4 A new LPM model produced in this study
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S (@) = S/,,-(CU) (1)
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The dynamic stiffness of horizontal, rocking and coupling part

of the model seen in Figure 4 are given in Equations (14)-(16)

respectively.
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Equations of the parameters are given in Equétions 17n-©27)

where C1, Gy, My, M> and K are lumped values for damping, mass

and spring having subindices 4 for horizontal, r for rocking, Ar

for coupling component of the model. Aiomecr is the correcting
coefficient used for better fit to exact impedances. Kwmpy K,
Kmp, represents the static stiffness of horizontal, rocking and
coupling part of the model respectively. yi, y2, n, and z are

dimensionless values.
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The static stiffness of horizontal, rocking and coupling part of
the model are given in Equations (28)-(30) where G is the shear
modulus of the soil, r is the radius of the foundation, e is the

embedment depth of the foundation.
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Finally, the dimensionless coefficients of the model for
different embedment ratios (e/z) are given in Table 1. As it is seen
in the table, there is no coupling part for surface foundation
(e/4=0), and coupling part for the embedment ratio which equals
to 0.25 has only one spring and dashpot. It means that the
coupling impedance does not so depend on excitation frequency

for low embedment ratios.

Table 1 The dimensionless parameters of LPM for Poisson’s ratio
equals to 0.42
e/r=0.00 e/r=0.25 e/r=0.50 e/r=1.00 e/r=1.50 e/r=2.00
KA corece~ 1.000 1.109 1.102 1.050 0.995 0.948
KT correct 1.000 0.886 0.858 0.895 0.898 0.878
KRF comece  1.000 0.605 0.936 1.056 1.069 1.057

Y in 0.608 0.552 0.798 1.064 1.241 1.416
Yir 0.460 0.450 0.421 0.268 0.019 -0.355
Vihr - 1.694 1.224 1.627 1.930 2.168
V2 0.413 0.436 0.406 0.381 0.440 0.512
V 2hr - - 0.082 0.416 0.514 0.575
Hain = = 0.029 0.050 0.082 0.103
Hor 0.178 0.190 0.165 0.145 0.194 0.263
U oonr B g 0.007 0.173 0.264 0.330

2.3 Determining the Parameters of LPM
2.3.1 Comparing the Impedances obtained by TLM and LPM

TLM is a semi-analytical method on which dynamic response
of foundations on layered soils can be computed by dividing the
soils into thin layers horizontally, according to Park [25]. This
method is improved by Tajimi [26], Waas [27] and Kausel [28]
during the same year. In this study, the impedances obtained by
TLM analyses are assumed as exact values, and a new LPM is
built up by using the curve fitting technique improved by Wolf
[21] on these impedances.

The soil and foundation model can be seen in Figure 5. To
calculate the homogeneous elastic half-space by TLM, the soil is
divided into the thin layers with increasing thickness from
bottom to top. Moreover, to represent unbounded soil, paraxial
boundary is applied to the bottom of model. Moreover, a circular
rigid foundation placed on this half-space is also divided into the
elements to calculate impedances by using finite element method
(FEM), as it is seen in Figure 5 (Wen et al. [29]).

The comparison of the spring and dashpot coefficients
calculated by LPM and TLM can be seen in Figures 6-11, for each
elr (=0.5, 1.0, 2.0).

As it is seen in these figures, horizontal spring and dashpot



coefficients fit with the exact values nearly for whole
dimensionless frequency range, but approximation for rocking
spri\ng and dashpot coefficients seems not so good, within the
error ratio equals to 20%. Moreover, coupling spring coefficients
fit with exact values better for the dimensionless frequency

smaller than 1.5.

Az=1m*(e/r) for e/r<1.50
Az=1m for e/r>1.50

50m/50

100m/100 xS
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Fig. 5 Soil model by TLM and model of the foundation by FEM

e/r=2.0 LPM

- e e GG
= bl — ———
S0 Ty T
0 N ‘\6\*
5 ——e/r=0.5 LPM . ‘\k,*
g . ef=05TLM Foasy,
g -~ ef=1.0 LPM T
3 + er=1.0 TLM
o
£
a
0]

L

05 v 5 H 25
Dimensionless Frequency aU=erN,

Fig. 6 Spring coefficients for horizontal component (ki) for the

embedded foundations

1

i e e b b b b e bbb b T TR

——el=0.5 LPM
. e=05TLM |
04 -~ -efr=1.0 LPM |
+ eh=1.0TLM| |
k=20 LPM
o - eh=20TLM |1

Damping Coefficient c"(ao)

05 T 15 2 25
Dimensionless Frequency a =or /V_

Fig. 7 Damping coefficients for horizontal component (c») for the

embedded foundations

T,
Lt

s a
Foe :
: P
e ——eh=05 LPM
g - eh=05TLM
O o4 ~--eh=1.0 LPM
2 + of=1.0 TLM
US.J =20 LPM

e/r=2.0 TLM

T 15 2 25
Dimensionless Frequency aﬂ=<~)r0Nq

Fig. 8 Spring coefficients for rocking component (k) for the

05

embedded foundations

2.3.2 Verifying LPM

To verify the improved LPM, the transfer functions obtained by
classical frequency domain analysis (FDA) and LPM are
compared in the Figure 12 where the shear wave velocity of soil
(V2 is 100 m/s and natural period of superstructure (7% is 1 and
0.5 sec respectively. As it is seen in these figures, transfer
functions by LPM are good agreement with those by FDA.
According to results, it can be said that this approximation is

almost adequate.
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Fig. 9 Damping coefficients for rocking component (cr) for the
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2.4 Determining Driving Forces

As it is known, driving forces are the forces required to make
foundation motionless under the FIM. To get them, LPM should
be analyzed in the frequency domain.

Driving forces are given in Equation (31), where 7 is
horizontal driving force, M, is rocking driving force, u, is

horizontal foundation input motion (HFIM) and &, is RFIM.

Sp(@)+Sp (@) esp(@)|[u (@) [ P(@)

= (31)
espw)  S2(o) |16, (@) (M, (@)

If u, and 6, are taken as given above, this situation equals to
“with RFIM”. If 6, is taken as zero for same u,, this situation
equals to “without RFIM”. If ug is taken as the free field motion

(FFM) and &, is taken as zero, this situation equals to “without

(a) (b) (c)
g Wgm 13
ug R '
v

Fig. 12 Analysis conditions (a) With RFIM (b) Without RFIM (c)
Without Ki
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Fig. 13 Transfer functions obtained by FDA and LPM

KI” in this study. These situations are given in Figure 13 where
ur is FFM graphically. The differences of the effect of these
situations on the nonlinear behavior of superstructure are

researched.

3. Analysis Conditions
3.1. Model of SDOF structure

To cover the existing residential buildings, a simple
approximation is applied to determine the parameters of the
structure as it is seen in Figure 14, where 74 1s natural period of
the SDOF system under the fixed base situation, N is the
number of stories, Muooris the mass of each floor of the structure,
baoor 18 the thickness of the floor, bpune is the thickness of the
foundation, 4H is the story height, A is the total height of the
structure and Hesis the effective height of the structure. Mass
ratio of the foundation to the structure is taken as 0.82 and
analyses are done for the embedment ratios of foundations (e/)
which equal to 0, 0.5, 1.0, and 2.0. Foundations are considered as
infinitely rigid. The initial stiffness proportional damping is
applied. Newmark-Beta Method is used and B is set as 0.25.

For simplicity, the inelasticity of structures is represented by
elasto-plastic models with zero hardening after yielding as it
seen in Figure 15. The yield strength is assumed so that the
maximum ductility factor may equal to ws: as a given value

under the fixed base model.
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Fig. 15 Elasto-plastic model of superstructures used in this study. f,,
fy, Uo, Uy and um are the elastic demand of strength, yield strength,
elastic displacement demand, yield displacement and ultimate

displacement of the system, respectively

3.2. Soil Parameters

The soil is idealized as homogeneous elastic half-space having
no material damping. Mass density of soil (o) is considered as 1.8
ton/m3, and shear wave velocity of soil (V%) is selected as 100 and
200 m/s. To represent the soft soil condition, Poisson’s ratio of soil
(1) is taken as 0.42.

3.3. Selected Earthquake Records

The 1995 Hyogoken-Nanbu (Kobe Earthquake) TAKO000
component of Takatori Station Record is chosen as an input
motion. According to Mylonakis et al [30], one of the main
reasons of collapsing of 18 piers of Hanshin Expressway during
the 1995 Hyogoken-Nanbu Earthquake, where it is placed near
to Takatori Station, is soil-structure interaction. Moreover, to see
the effect of subduction zone earthquake record which has
similar amplitude level, more peaks on acceleration spectra and
longer duration of the record than Kobe Earthquake record on
the response of superstructure, the 2011 off the Pacific Coast of
Tohoku Earthquake (Tohoku Earthquake) EW component of
MYGO006 Station (K-NET Furukawa) is also used for analyses.
The acceleration time histories and acceleration response spectra

(A=5%) of the records are given in Figures 16-18 respectively.

4 Effect of RFIM on the Response of Superstructure

4.1. Analysis Results for Kobe Earthquake Record

In this section, non-linear seismic response analyses are
conducted using the proposed analytical model to analyze the
effect of the rocking foundation input motion (RFIM) on the

responses of superstructures.
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Specifically, time history non-linear response analyses are
carried out under some input motions considering the kinematic
interaction by using the proposed analysis model. The effect of
the RFIM on the non-linear response of the superstructure is
studied by comparing the maximum ductility factor zimas with zsx
in the case of the different embedment depth of foundation.

The results obtained by using Kobe Earthquake record are
shown in Figs. 19 — 22 where x axis is the natural period of the
superstructure that represents number of stories of the
superstructure from 2 to 30 stories. All graphs show the ratio of
maximum response ductility factor zimax to s Figs. 19 to 21
show results in the case of the shear wave velocity Vs=100m/s of
surface ground and s = 2, 4, and 6. Figure 22 shows the results
in the case of the shear wave velocity Vs = 200m/s of surface
ground and psx = 2. In each figure, (a) with RFIM, (b) without
RFIM, (c¢) without KI are shown.

First, the difference of the results that under the conditions (a)
with RFIM and (c) without KI are explained. As shown in Figs.
19 to 21 (a) and (c), it is found that responses with RFIM are
almost equal to those without KI for every sy of middle rise
buildings, but responses of low rise buildings with short natural
period (natural period less than 0.5 sec) for (a) are smaller than
(c) because of low-pass filter effect of KI. Therefore, it can be said

that safer design is obtained for low rise buildings by neglecting
KI.

Next, the difference of the results that under the conditions (a)
with RFIM and (b) without RFIM are explained. It is clear that
the responses of (b) are smaller than that of (a). In particular, as
the usx becomes larger and embedment depth becomes deeper,
the difference between usy and fimax becomes more remarkable. It
means that earthquake responses considering only horizontal
kinematic interaction are underestimated.

Next, effect of RFIM on the buildings having long natural
period is explained. When sy is small, the responses of buildings
with natural periods more than 2 seconds except for the e/ = 2
under considering RFIM are smaller than those of the fixed-base
model. It is estimated that the input ground motion is reduced
because the slender building with spread foundation on the soft
ground is assumed and the rocking spring of the soil is relatively
small and the natural period of the coupled system becomes long.
However, if the embedment is deep (e/r= 2.0) considering RFIM,
it is seen that the response is increasing because of the small
rocking stiffness. In addition, when us is large, building
responses of (a) are larger than those of the fixed base model in
some case of the natural period of buildings, even if the
embedment is shallow.

Finally, importance of RFIM on the nonlinear response of
buildings is evaluated generally. It is notable that the maximum
ductility factor of the e/= 2.0 in Fig. 20 (a) are 1.5 times larger
than that both of the fixed base model and (¢c) by means of the
RFIM. Therefore, it can be said that unreasonable design is
obtained for such conditions by neglecting KI or SSI. It suggests
the possibility that the rocking input motion is a major impact in
the near to the ultimate state situation of the building. However
these results only valid for mat foundations, for pile foundations
different study should be applied.

Fluctuation of ductility factors with changing natural
frequency values is seen in these figures. Since, it is noticed that
the global tendency of results may depend on the relationship
between the spectral characteristics of the input ground motion
and the equivalent natural period of the superstructure under
the plastic deformation in this study. The aforementioned results
are explained schematically at Table 2.

On the other hand, if the shear wave velocity of the surface
layers is as large as Vs = 200m/s, as shown in Figure 22, the
variation due to the difference in the embedment depth is less in
any natural period, and that it is found the response exhibits
almost the same response as the fixed base model in the case of
(a) and (c).

Maximum response ductility factor ratio of (a): with RFIM to
(c):without KI is compared with each wsr in Figure 23 where
x-axis is same as Figs. 19 to 21. When the ratio is larger than 1,
it means that the response ductility factor is increased by taking
into account RFIM. From this figure, it is found that the

response is underestimated in the case of the deep embedment
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Table 2 Schematic representation of the discussion of the results of

the analyses (for Vs=100m/s)
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o For e is deep (in the Fixed
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£

Due to small rocking stifiness model

foundation in 0.5 seconds or more of the building natural period
if RFIM is neglected.

4.2 Analysis Results for Tohoku Earthquake Record

The results of Vs = 100m/s and usx = 6 are shown in Figure 24.
In this case, the observation records at K-NET Furukawa
(MYGO006) of the main shock (EW component) in the 2011 Tohoku
region Pacific Ocean Earthquake is applied as an input ground
motion. It is found that pmar fluctuates according to the spectral
characteristic of the input ground motion in the long period
domain. In Figure 25, maximum ductility factor ratio of (a):
with RFIM to (¢): without KI is compared to the case of usx =6.
The same tendency as that of the Kobe Earthquake is shown.

From these results, it is concluded that inelastic building
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responses are not dependent strongly on duration of input

ground motions in this study.

5. Conclusions }

In this study a new LPM is constructed depends on the
impedances of embedded foundations having different
embedment depth placed on the elastic half-space for the
Poisson’s ratio equals to 0.42 and shear wave velocity value equal
to 100 and 200 m/s to represent the soft soil conditions.
Verification is done by using the horizontal, rocking, coupling
impedances of the model and the response of superstructure.
According to comparison, it can be said that approximation is
almost adequate.

Then nonlinear response analyses are carried out by an SDOF
elasto-plastic structure, having fixed ductility capacity values as
2, 4, 6, and predominant periods from 0.2 to 3 seconds, and the
proposed LPM model under active fault and subduction zone
earthquake records considering with and without RFIM to get
effects of RFIM on the ductility demands of superstructures.
Earthquake records both of Takatori Station record in the 1995
Hyogoken-Nanbu Earthquake (Kobe Earthquake) and the 2011
off the Pacific Coast of Tohoku Earthquake (Tohoku Earthquake)
EW component of MYGO006 Station are used for these analyses.

The results of analyses are shown as follows;

a. By increasing ductility factor values, the effect of
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RFIM becomes more important, especially for
high-rise buildings having embedment ratios bigger
than 1. The reason of this phenomena is considered
that the equivalent elastic stiffness of superstructure
becomes softer for increasing values of ductility
capacity, therefore inertial interaction becomes less
important and the additional force coming from the
rocking motion becomes more important in the
response of superstructure.

b. For V=200 m/s, the effect of RFIM is more limited
than V.=100m/s, because the amplitude of RFIM
decreases.

c. As a suggestion for design, RFIM should be considered
for the collapse limiting design especially for the high
rise building having embedment ratios bigger than 1
in this case. Even the design by neglecting the
kinematic interaction, underestimates the effect of
earthquakes in some critical situations.

However, it should be noted that these results are obtained for
restricted parameters. For more reliable results, considered
parameters in the analyses should be increased.

As future works, same research can be conducted for layered
soil condition and including ‘ geometric and material soil
nonlinearity to obtain more general results. Moreover, different
kind of foundation types such as pile foundation case and the
effect of structure-soil-structure interaction (SSSI) can be

considered in the analyses.
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