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1. Immediate Occupancy
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3. Collapse Prevention
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1. Introduction

For the structure resting on a flexible medium, the dynamic response of the structure will be different from
the fixed-base condition owing to the interaction between the soil and the structure. Nevertheless, the common
practice in seismic performance assessment assumes that structures are fixed to their base, which maybe a
realistic hypothesis only when these are founded on relatively solid rock or very stiff soil. In the case of a
flexible-base structure, in addition to the added rocking component to the horizontal motion of the structure,
a part of the structure’s vibrating energy will transmit to the soil layer and can be dissipated due to radiation
damping resulting from the wave propagation and hysteresis damping of the soil materials (Lou et al., 2011).
Soil-structure interaction (SSI) are generally shown to be more pronounced in the case of soft soil formations
and high-rise structures modifying considerably the dynamic characteristics of the building and finally its
response (Tahghighi and Rabiee, 2017). The objective of the present research is to study whether SSI may affect
the seismic performance and vulnerability of reinforced concrete moment resisting frame (MRF) buildings.

2. Methodology

Four typical RC MRF buildings on three soil types with shear wave velocities less than 600m/s subjected to
actual ground motion records are modeled with and without SSI. In this paper, the nonlinear response of MRF
buildings is studied with two comparative base conditions. First, rigid base condition that means the foundation
system is assumed to be fixed against all the movements, NSSI model. Second, SSI case in which foundation
uplifting and soil plasticity are included and the soil-foundation interface is modelled as nonlinear Winkler
springs. The computational model of the soil-foundation-structure systems was developed using the OpenSees
finite element software (OpenSees, 2016). The structural members, beams and columns, are modelled as
nonlinear beam-column elements employing the distributed and lumped plasticity elements as well as the
flexure-shear interaction displacement-based beam-column elements incorporating the soil-footing interface.
The geotechnical design parameters are presented in Table 1. Nonlinear static analysis and incremental
dynamic analysis were performed to evaluate seismic performance of RC buildings in the case of fixed-base
and flexible-base assumptions. Incremental dynamic analysis (IDA) is a parametric analysis method that has
been employed to estimate more thoroughly structural performance under seismic loads (Vamvatsikos and
Cornell, 2002). It involves subjecting a structural model to one (or more) ground motion record (s), each scaled
to multiple levels of intensity, thus producing one (or more) curve (s) of response parameterized versus
intensity level. Meanwhile, fragility curves of RC buildings are estimated with the assumptions of fixed-base
and flexible-base structures to study whether SSI may modify the fragility curves and consequently affect the
vulnerability of buildings (Haselton and Deierlein, 2007).
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3. Results and discussion

A comparison was made afterwards between the RC frames behaviors in the fixed- and flexible-base
conditions. It is observed that the performance level of models supported by flexible foundation, particularly
in an intense earthquake event, may alter significantly in comparison to fixed-base structures. Moreover, for
MRFs on soft soil, the nonlinear foundation is found to have a significant effect on the force and displacement
demands. Fragility curves are also derived as a function of "first-mode" spectral acceleration, Sa (T1, 5%), for
the collapse prevention limit state based on the statistical exploitation of the IDA results of the given structural
systems (Fig. 1). The results indicate some degree of inaccuracy in the fixed-base assumption, which is regularly
applied in analysis and design practice.

Table 1. Details of soil parameters (Mohamadi, 2016).

Soil type @(degree) C (kg/cm?) E (kg/cm?) v y (kg/m?3) G (kg/cm?) Vs (m/sec)
C 38 0 756 0.35 2100 2855 360
D 30 0.02 168 0.4 1900 612 175
E 25 0.02 87 0.45 1800 306 120
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Fig. 1. Fragility curves for RC frames on site class E: (a) 4-story, (b) 8-story, (c) 12-story, (d) 16-story models

4., Conclusions

Results show the significant role of SSI under nonlinear soil behavior in altering the expected structural
performance and fragility of especially high-rise fixed base structures. The study emphasizes on the necessity
for consideration of flexible foundation behavior in the modern design codes in order to accomplish a more
economic yet safe structural design.

5. References

Lou M, Wang H, Chen X, Zhai Y, “Structure-soil-structure interaction”, Literature review, Soil Dynamics and
Earthquake Engineering, 2011, 31, 1724-1731.

Tahghighi H, Rabiee M, “Influence of foundation flexibility on the seismic response of low-to-mid-rise moment
resisting frame buildings”, Int. Journal of Science and Technology, Scientia Iranica A, 2017, 24 (3),979-992.

OpenSees, “Open system for earthquake engineering simulation”, Pacific Earthquake Engineering Research
Center, 2016.

Vamvatsikos D, Cornell CA, “Incremental dynamic analysis”, Earthquake Engineering and Structural Dynamics,
2002, 31 (3),491-514.

Haselton CB, Deierlein GG, “Assessing seismic collapse safety of modern reinforced concrete frame buildings”,
John A. Blume Earthquake Engineering Center Technical Report No. 156, Stanford University, California,
USA, 2007.

Mohamadi A, “Performance assessment of reinforced concrete buildings located on shallow foundation considering
nonlinear soil-structure interaction”, MSc Thesis, University of Kashan, Iran (2016) (in Persian).



	Dr. Tahghighi.
	Abstract Tahghighi



