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Abstract 

The effects of the subsoil have a very important role on the behavior of the structures. For many years, these 

effects have been neglected and the superstructure is designed without considering the soil-structure 

interaction. However, earthquakes in recent years have clearly shown the importance of soil-structure 

interaction on the design of the structures, and studies on soil-structure interaction have increased especially 

in the last 50 years. In this study, the effect of soil-structure interaction on behavior of reinforced concrete 

structures is investigated. The effect of subsoil has been taken into account using Winkler and Vlasov Model 

in addition to rigid base assumption. For this purpose, an interface that allows SAP2000 and MATLAB to 

be used simultaneously has been developed in MATLAB. It is observed that soil-structure interaction has a 

significant effect on the column longitudinal reinforcement ratio of reinforced concrete structures. 
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1. Introduction 

The behavior of a structure is affected by 

interactions between the superstructure, the 

foundation system and the subsoil. Soil-structure 

interaction analyses the relations of these systems 

with each other. Soil behavior is the most 

complicated subjects in these relations. The 

reliability of structural design depends on how the 

soil structure interaction is modelled accurately and 

realistically. The columns at the base are usually 

considered as fixed in the design neglecting the soil 

effect. Soil effects are only considered in the design 

of foundation. The soil-structure interaction can be 

incorporated using Winkler model which soil 

structure is represented by infinitely close springs. 

However, in the Winkler model, being the simplest 
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of the foundation models, the interaction between 

the springs are ignored and therefore the shear 

deformation of the subsoil is neglected. But the 

main disadvantage of these models is the necessity 

of determining the soil parameters. Modified 

Vlasov model facilitates the calculation of soil 

parameters depending on properties soil and the 

structure and type and the distribution of loads. 

There are many studies available on plates or beams 

resting on elastic foundation in literature [1-7]. 

Beside this, studies have been also carried out to 

investigate the effect of the subsoil on building 

behavior [8-17]. 

 In this study, behavior of reinforced concrete 

structures is investigated by considering soil-

structure interaction. In this way, an interface 
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developed in MATLAB is used simultaneously 

with SAP2000 v.15 package program. A 12-storey 

building is analyzed and results are compared for 

three different cases of support conditions. The soil 

parameters, natural vibration periods, column axial 

forces, column bending moments and longitudinal 

reinforcement ratios of the columns for various 

subsoil assumptions are presented cooperatively in 

figures and tables. 

 

2. Modified Vlasov model 

In the Modified Vlasov Model, subsoil reaction of 

a structure on elastic foundation is given by 

22zq kw t w     (1) 

in which w is the vertical surface displacement of 

subsoil, k is subgrade reaction modulus and 2t is the 

soil shear parameter as defined below 
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where Es, s  and Gs are elasticity modulus, 

Poisson’s ratio and shear modulus of subsoil 

respectively. ( )z  is the mode shape function 

describing the variation of vertical displacement 

within the subsoil, and it can be expressed as 

1
( ) sinh 1

sinh s

z
z

H
 



 
  

 
  (3) 

where Hs is subsoil depth to rigid base, and   is the 

third soil parameter and it can be evaluated as 
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In Eqs. (1-4), it is seen that the modulus of subgrade 

reaction, k, and the soil shear parameter, 2t, mode 

shape function ( )z , the depth of the subsoil, Hs, 

the third parameter of the soil,  , and vertical 

surface displacement of the subsoil are dependent 

variables. Therefore, the solution of this complex 

soil-structure interaction problem can be performed 

using an iterative technique [4]. The third soil 

parameter,  , is set to be equal to 1 to start 

iterations. The iteration is repeated until the latest 

and previous values of   within a prescribed 

tolerance. 

 

3. Methodology 

Versions of SAP2000 after V12 have OAPI (Open 

Application Programming Interface) feature to 

enable two-way data exchange. By using the OAPI 

functions, a MATLAB interface has been coded for 

calculating soil parameters iteratively. The model 

file created in SAP2000 program is opened using 

MATLAB interface and starting value of soil 

parameters are assigned the model. After running 

of the SAP2000 model, new soil parameters are 

calculated using MATLAB code with the soil 

surface displacements obtained from SAP2000. 

This iterative process is repeated until the 

difference between soil surface parameters 

computed in two successive iterations converges to 

a predetermined value [5]. The flowchart for the 

analysis of reinforced concrete structures resting on 

elastic foundation using Vlasov model is given in 

Fig. 1. 
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Fig. 1. Flowchart for the analysis of reinforced concrete structures on Vlasov model 

 

 

4. Numerical example 

4.1. Data for structural system 

A 12-storey building with the formwork plan 

shown in Fig. 2 has been selected for the analyses. 

The story height is 3m. Young’s modulus, 

Poisson’s ratio and density of concrete are assumed 

as 28GPa, 0.2 and 25kN/m3 respectively. Cross-

sectional dimensions of structural elements are 50 

× 50cm2 for columns, 30 × 60cm2 for beams and 30 

× 200cm2 for shear walls. The superstructure is 

resting on a mat foundation with dimension of 18m 

× 22m and thickness of 75cm. Thickness of gas 

concrete walls on beams are 20cm for outer walls 

and 10cm for interior walls. Density of gas concrete 

wall has been taken as 5kN/m3. Slabs with 

thickness of 15cm are subjected to uniform load of 

2kN/m2. 

 The modulus of elasticity of subsoil is 

94700kN/m2 and Poisson’s ratio for subsoil is 0.25. 

Modulus of subgrade reaction is taken as 
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8650kN/m3 for Winkler foundation subsoil model. 

The subsoil ends with a rigid rock layer after 8m. 

 Equivalent Earthquake Load Method is used for 

earthquake analysis according to Turkish 

Earthquake Regulation [18]. ±0.05 eccentricity and 

1.4G + 1.6Q, G + Q ± Ex and G + Q ± Ey load 

combinations are considered for the analysis. 

4.2. Results 

Natural vibration periods and base shear forces for 

various foundation models are given in Table 1. As 

seen from the table, first natural vibration period 

increases when the soil effect is included in the 

behavior, and the highest value is obtained in the 

case of Vlasov model. The effects of soil-structure 

interaction cause natural vibration periods to 

increase. Base shear force calculated according to 

equivalent earthquake force method decreases in 

Vlasov model because the first natural vibration 

period increases. 

 Axial forces and bending moments of columns 

for various subsoil assumptions are presented in 

Fig. 3-4. Bending moments of columns are more 

affected compare to axial forces. Axial forces 

obtained by considering soil-structure interaction 

are greater for some columns and smaller for some 

columns than that of rigid base model. But it is 

certain that the subsoil effect is changing the axial 

forces significantly. As expected, the greater values 

of bending moments are obtained in Winkler and 

Vlasov model. Change in column bending 

moments causes longitudinal reinforcement ratios 

to increase. 

 Longitudinal reinforcement ratios of columns 

for various subsoil assumptions are presented in 

Fig. 5. Longitudinal reinforcement ratio of columns 

is calculated reducing two-dimensional combined 

bending to one dimensional combined bending in 

internal forces given by Figs. 3-4. Longitudinal 

reinforcement ratios of columns obtained by 

considering soil-structure interaction are greater 

than that of rigid base model. The column 

longitudinal reinforcement ratio in the rigid soil 

structure model is obtained at the minimum 

reinforcement ratio. In Winkler and Vlasov models, 

the column longitudinal reinforcement ratios are 

close to each other. Effects of subsoil on 

longitudinal reinforcement ratios of columns are 

clearly visible from the figure. 

 

 

Table 1. Natural vibration period and base-shear force of structure 

Soil-Structure Models T1x (sn) T1y (sn) Vtx (kN) Vty (kN) 

Rigid base 0.8945 0.8902 6240.61 6240.61 

Winkler Model 1.1813 1.0974 5019.95 5325,12 

Modified Vlasov Model 1.2323 1.1912 4088.83 4776.86 

 

 
Fig. 2. Typical floor plan of the building 
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Fig. 3. The column axial loads 

 

 
Fig. 4. The column bending moment 

 

 
Fig. 5. Longitudinal reinforcement ratios of columns 
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5. Conclusion 

In this study, subsoil effects on the behavior of 

reinforced concrete structures are investigated. For 

this purpose, a 12-storey building is analyzed using 

rigid base assumption, Winkler and Vlasov subsoil 

models. A computing tool developed in MATLAB 

is presented in the study for the analysis of 

building-subsoil system. The results show that 

significant changes occur in internal forces and 

longitudinal reinforcement ratios of columns when 

subsoil effects are taken into consideration on 

analysis of building. 
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