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1. Introduction 
 

Current earthquake-resistant design provisions allow the 

nonlinear response of structures because of economic 

factors, although it would be preferable to design a structure 

that behaves elastically in the event of severe earthquake 

motions. Seismic design procedures aim at controlling 

earthquake damage to structural elements and many types 

of nonstructural elements by limiting lateral deformations 

on structures. Structural performance is usually estimated 

using peak deformation demands. However, the past 

earthquakes have shown that the residual (permanent) 

deformation or drift demand of a system -in addition to 

peak demands- is one of the most critical parameters for 

seismic assessment. To determine whether the structural 

system can continue its function or the system should be 

strengthened/repaired or the system should be rebuilt, 

residual displacement/drift demands are required. This 

necessity to consider the residual displacements and 

residual drifts in seismic performance assessment is 

addressed in (Vision 2000, 1995, FEMA356, 2000 and 

FEMA P-58, 2012) guidelines. Therefore, it is important to 

estimate residual structural displacement demands for the 

evaluation and rehabilitation of structures. 

Residual displacement ratios have been the topic of 

several investigations so far. The first well-known studies 

on residual displacement were conducted by Riddell and 

Newmark (1979a, b) pointing out that the magnitude of 

residual displacements is strongly affected by the 
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unloading- reloading rules of the hysteresis model. Mahin 

and Bertero investigated the dispersion of the residual 

displacements of SDOF systems assuming a peak-ductility 

for each SDOF system (1981). MacRae and Kawashima 

(1997) studied on SDOF systems with ductility demands of 

2, 4 and 6 for 11 ground motions. They concluded that post-

yield stiffness has an important effect on the residual 

displacement levels. Another study conducted by 

Kawashima et al. (1998), focused on a residual 

displacement response spectrum and residual displacement 

response ratio spectrum proposed based on 63 ground 

motions in order to evaluate residual displacements of 

structures subjected to large ground motions. Besides, an 

application of the residual displacement response spectrum 

to bridges supported by cantilever column was presented. 

Similarly, to these previous studies, Pampanin and his co-

workers studied on residual displacement ratios for 

equivalent SDOF systems for 20 earthquake motions and 

three different hysteretic models (2002). Ruiz Garcia and 

Miranda conducted the most extensive researches on 

residual displacement ratios for both SDOF and multistory 

structures (2005, 2006a, b, 2008). They proposed simplified 

expressions to estimate mean residual displacement ratios 

of existing structures and also, they reported that the 

amplitude and heightwise distribution of residual drift 

demands depend on the frame mechanism, structural 

overstrength and hysteretic behavior. Hatzigeorgiou et al. 

(2011) conducted parametric studies on SDOF systems to 

derive empirical equations for maximum displacement from 

residual displacements. Ramirez and Miranda (2012) 

proposed a new approach that incorporates the influence of 

residual drifts by accounting for the possibility of having to 

demolish a building as a result of excessive residual 

interstorey drifts, where the probability of demolition is 

computed as a function of the maximum residual drift in the 

building. More recently, Liossatou and Fardis (2014) 
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investigated the effects of hysteresis rules representing the 

cyclic degradation of stiffness and strength and the energy 

dissipation of typical RC structures on residual 

displacement ratios whereas D’Ambrisi and Mezzi (2015) 

proposed a method to evaluate the residuals of the response 

parameters of a reinforced concrete plane frame. As recent 

studies, Ruiz Garcia and Guerrero (2017) presented a 

technical note on a new functional form to estimate mean 

residual displacement ratios for soft soil sites, and Dai et al. 

(2017) presented a seismic assessment procedure to predict 

the peak drift from the residual drift. Ji et al. (2018) 

presented a technical note to quantify the residual 

displacement of structural systems with varying stiffness, 

strength and hysteretic behavior experience when subjected 

to earthquake motions recorded on soft soil conditions. All 

these mentioned studies provide the results of researches on 

fixed base systems, in other words, soil structure interaction 

or soil flexibility is always ignored. With respect to authors’ 

knowledge soil structure interaction effects on residual 

displacement has not been considered, yet, thus this study is 

intended to focus on the effects of soil flexibility on residual 

displacements. 

It has been known for many years that SSI affects the 

elastic strength demand of structures and, generally, elastic 

strength demand is reduced due to SSI. This is mainly 

because the soil-structure system has longer period and, 

usually, higher damping ratio in comparison to the fixed 

base structure (Veletsos 1977). In 1970s, many researchers 

put effort into estimating the SSI effect on elastic response 

of structures (Chopra and Gutierrez 1974, Novak 1974). 

During last decade, Aviles and Perez-Rocha studied on soil- 

structure interaction phenomenon widely (2003, 2005a, b, 

2011). They concluded that for soft/deep soil deposits, the 

SSI effects in yielding structures may result in either 

increase or decrease of the fixed-base strengths and 

displacements, depending primarily on the period ratio of 

the structure and site. The higher the structural ductility, the 

smaller becomes these effects. Also, Ghannad and co-

workers studied on soil-structure interaction effects on 

strength reduction factors and ductility demands (2002, 

2004, 2006, 2007). They showed that both ductility and 

strength demanded by the structure may experience 

considerable variations under the effect of SSI. It has been 

shown that the interaction between the soil and structure 

also affects the hysteretic energy dissipation of the structure 

under earthquake loading. The effect of soil-structure 

interaction on inelastic displacement ratio and strength 

reduction factors of structures has been also studied by 

authors (Eser et al. 2012 a, b, Eser 2013). They proposed a 

new equation for inelastic displacement ratio of interacting 

system, as a function of structural period of interacting 

system, strength reduction factor and period lengthening 

ratio. 

The objective of this study is to present the results of an 
investigation conducted to provide more information on the 
residual displacement demands of fixed base and interacting 
case systems with known lateral strength built on soft soils 
when subjected to near-field and far-field earthquake 
ground motions. In particular, this study tried to: (1) study 
on SDOF systems with period range of 0.1-3.0s and six 
levels of known lateral strength (R=1.5, 2, 3, 4, 5, 6); (2) 

analyze SDOF systems with SSI for five aspect ratios which 
is a key parameter for especially SSI systems defined as the 
ratio of effective height (h) to radius of the equivalent 
circular foundation (r) to express the slenderness ratio                   
(h/r=1, 2, 3, 4, 5); (3) use a set of near-field and far-field 
ground motions and (4) propose a new equation for residual 
displacement demands of SDOF systems as a function of 
spectral displacement (Sd), structural period (T) and lateral 
strength ratio (R). The lateral strength ratio is the ratio of 
the structural strength demand required for a system to 
remain elastic, to the lateral strength capacity in the 
literature. Considering an idealized elasto-plastic SDOF 
system this factor is defined as follows 

/e yR F F  (1) 

where Fe is the elastic strength demand of structure and Fy 

is the supplied strength. 

 

 
2. Analysis procedure 

 

2.1 Methodology and SSI modelling 
 

The present study focuses on residual displacement 

demands of SDOF systems. The dynamic equation of 

motion of an SDOF system is given by Eq. (2) 

s gmu cu f ( u ) mu     (2) 

where m is the mass, u is the relative displacement, c is the 

viscous damping coefficient, fs(u) is the resisting force and 

üg is the acceleration of ground motion. Newmark’s step by 

step time integration method is adapted in an in-house 

computer program for inelastic time history analyses. As the 

time-integration step size was found to be a critical and 

effective parameter to predict the residual displacements by 

Yazgan and Dazio (2011), time history analyses were 

carried out with the time step selected as the minimum of:  

• Original earthquake ground motion time step, 

• 1/25 of structural period, 

• 0.01 s. 

As many of these previous studies mainly focus on the 

normalized residual displacement ratios, the main 

difference lies in the definition of these ratios. For the case 

of residual displacements, several normalization alternatives 

have been proposed by various researchers. Mahin and 

Bertero (1981), Farrow and Kurama (2003) used yield 

displacement to normalize residual displacement and they 

called this ratio as the residual displacement ductility. 

MacRae and Kawashima (1997) used maximum possible 

residual displacement demand for normalization. Pampanin 

et al. (2002), Ruiz Garcia (2004), Ruiz Garcia and Miranda 

(2005), Borzi et al. (2001) used the ratio of residual 

displacement to maximum inelastic displacement as the key 

parameter. Similarly, the ratio of residual displacement to 

elastic spectral displacement is used by Ruiz Garcia and 

Miranda (2005, 2006a, b, 2008); this ratio is called residual 

displacement ratio. Among these several normalization 

alternatives for residual displacement demands, for 

simplicity, it is generally appropriate to normalize the 

residual displacements (D) with respect to elastic spectral  
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displacement (Sd) of a SDOF system subjected to same 

acceleration time history which is called as residual 

displacement ratio and expressed as follows 

s

d

D
D

S
  (3) 

Thus, the results of conducted study have been 

presented in the terms of residual displacement demands 

(D) and residual displacement ratios (Ds), respectively. 

For soil structure interaction, the most common 

approach to consider elastic SSI effects has not changed 

over the years. This approach involves the usage of a 

replacement oscillator represented by the effective period 

and damping of the system. The mass of this equivalent 

oscillator is taken to be equal to that of the actual structure. 

Under harmonic base excitation, it is imposed that the 

resonant period and peak response of the interacting system 

be equal to those of the replacement oscillator. Eurocode 8 

obligates to take the effects of dynamic soil-structure 

interaction into account for structures where P-δ (2nd order) 

effects play a significant role; structures with massive or 

deep-seated foundations, such as bridge piers, offshore 

caissons, and silos; slender tall structures, such as towers 

and chimneys; and structures supported on very soft soils, 

with average shear wave velocity less than 100 m/s (EC8, 

1994). Effective period and damping of the interacting 

system are given below 

2

x

x

K hk
T T 1 (1 )

K K

    (4) 

0 3

0.05

T

T

  
 
 
 

 

(5) 

where βo denotes the foundation damping factor and values 

for this factor should be read from the figure given in 

current U.S. codes (ATC 1984, FEMA 2003). The stiffness 

coefficients for the horizontal (Kx) and rocking modes (Kθ) 

 

 

of soil medium are defined as follows (Wolf 1994) 

2

s
x

8 V r
K

2





  



 (6) 

2 3

s8 V r
K

3 ( 1 )






  


 
 (7) 

More details regarding equivalent fixed-base model can 

be found in (Eser et al. 2012a, b). 

 

2.2 Seismic input 
 

Seismic excitation consists of real near-field and far-

field earthquakes. A set of 70 near-field and 70 far-field 

acceleration time-histories are used in this study. The 

selection of near field and far field ground motions are 

based on the earthquakes given in ATC documents (1996, 

2008). Details of selected ground motions are listed in   

Tables 1 and 2. The soil categorization is based on 

classification system presented in NEHRP provisions which 

corresponds to shear wave velocity higher than 1500 m/s 

for Soil Class A, between 760-1500 m/s for Soil Class B, 

360-760 m/s for Soil Class C, 180-360 m/s for Soil Class D 

and lower than 180 m/s for Soil Class E. Also, Figure 1 

shows the magnitude-source distance-PGA relation for the 

aforementioned 140 ground motions. These accelerograms 

are downloaded from the strong motion database of the 

Pacific Earthquake Engineering Research Center (Last 

access 2018). Near-field seismic ground motions are usually 

characterized by intense velocity and displacement pulses; 

besides, forward directivity and permanent translation are 

generally the two main causes for the velocity pulses 

observed in near-field regions. Near-fault ground motions 

containing strong velocity pulses are of interest in the fields 

of seismology and earthquake engineering because of 

imposing extreme demands on structures that not predicted 

by typical measures such as response spectra. Thus, the 

near-fault ground motion data set is evaluated in detail to 

distinguish records that contain pulse-like signal effects, i.e.  

  

(a) Far field ground motions (b) Near field ground motions 

Fig. 1 Magnitude-source distance-PGA relation for the used ground motions 
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Residual displacement estimation of simple structures considering soil structure interaction 

 

 

records with strong velocity pulses are categorized as “the 

pulse like earthquake records”, These “pulse” records are 

selected based on the near field record set given in ATC 63 

(2008) document and study of Baker (2007). An 

explanatory plot is presented in Fig. 2 for pulse and no-

pulse records suggested in ATC 63 document (2008). The 

near-field ground motion set used for the presented study 

consists of 30 records with pulse signal and 40 records 

without pulse signal. The residual displacement demands 

are described separately for near-fault records that either do 

or do not contain pulse signals. 

 

 

A total of 151200 analyses have been conducted for 

SDOF structures with period range of 0.1-3.0 s, for five 

aspect ratios (h/r=1, 2, 3, 4, 5) and fixed-base case, six 

values of lateral strength (R=1.5, 2, 3, 4, 5, 6) and 140 

ground motions. 

 

 
3. Results and discussion 

 
3.1 Effect of ground motions 

  
(a) Pulse records (b) No pulse records 

Fig. 2 Pulse and no pulse records 
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 (a) Far field (b) Near field 

Fig. 3 Variations of mean residual displacements with fault distance 
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3.1.1 Effect of fault distance 
The effects of fault distance on residual displacement 

demands are shown in Fig. 3. The top graphs represent the 

analysis results of fixed base case whereas the bottom 

graphs show the results of interacting systems with an 

aspect ratio of 3. It can be seen from the figures that; 

residual displacement demands for near field ground 

motions are much greater than the ones for far field ground 

motions. This condition is almost always valid for all values 

of lateral stiffness. Especially for period range greater than 

1.5s, residual displacement demands for near field ground 

motions are nearly three times greater than the 

corresponding ones of far field ground motions 

Fig. 4 shows the effects of fault distance on residual 

displacement ratio (Ds). Analysis results of fixed base case 

and interacting systems with an aspect ratio of 3 are 

presented in top and bottom graphs, respectively. In contrast 

to residual displacement demands, the difference between 

residual displacement ratios because of fault distance is less 

noticeable. Especially for period range greater than 0.5s, 

residual displacement ratios do not vary significantly with 

fault distance. 

 

3.1.2 Effect of pulse like features 
The effect of pulse like features on residual 

displacement demands is also investigated. In Fig. 5, 

variations of mean residual displacement demands for far 

field, pulse and no pulse type records are presented for 

fixed and flexible systems for two different values of lateral 

strength. As it is seen from the figures, pulse like features 

have an obvious effect on residual displacement demands 

for both lateral strength ratios. Although the same behaviour 

is valid for other lateral strength ratios, they are not 

 

 
 

Fig. 5 Effect of pulse like features on residual displacement 

demands 

 

 

included in the figures for the sake of clarity. 

The effect of pulse like features on mean residual 

displacement ratio for fixed and flexible systems is also 

investigated. In Fig. 6, variations of mean residual 

displacement ratios (Ds) for far field, pulse and no pulse 

type records are presented. It can be said from the figures 

that, the effects of pulse like features on mean residual  
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(a) Far field (b) Near field 

Fig. 4 Variations of residual displacement ratios with fault distance 
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Fig. 6 Effect of pulse like features on residual displacement 

ratios 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Variation of residual displacement demands with 

pulse like features 

 

 

displacement ratios are still remarkable but not as marked 

as on residual displacement demands. 

Residual displacement demands and residual  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Variation of residual displacement ratios with pulse 

like features 

 

 

displacement ratios of fixed base case with pulse and no 

pulse earthquake records for various values of lateral 

strength are presented in Figs. 7 and 8, respectively.  

Graphs axes are intentionally drawn with the same 

scales to express the variation and effects of pulse type 

records. As it is seen from the figures, pulse like features 

have a very remarkable effect on especially residual 

displacement demands for all values of lateral strength 

whereas the same judgement can be valid for residual 

displacement ratios only for period range smaller than 0.5s. 

 

3.2 Effect of soil flexibility 
 

In Fig. 9, effect of soil flexibility on residual 

displacement demands against period is presented. The 

results are given for far field (top) and near field (bottom) 

ground motions. It is seen from the both figures that, 

residual displacement demands generally decrease as the 

soil flexibility is taken into consideration. Residual 

displacement ratio variation with soil flexibility is shown in 

Fig. 10. It is observed that residual displacement ratios 

remain nearly constant for T>0.5 s. For T<0.5 s, there is a 

decrease tendency for residual displacement ratio for 

increasing values of lateral strength. 

The effect of aspect ratio of flexible systems on residual 

displacement demands and residual displacement ratios is 

presented in Figs. 11 and 12, respectively. The results are 

given for far field and near field ground motions. It is seen 

from the both figure that, from a certain structural period, 

residual displacement demands and residual displacement 

ratios almost always remain constant. However, for period 

range shorter than approximately 1.0s, mentioned  
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Fig. 9 Effect of soil flexibility on residual displacement 

demands 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 10 Effect of soil flexibility on residual displacement 

ratios 

 

 

parameters vary significantly. For this period range, residual 

displacement demands increase as the aspect ratio increases, 

whereas residual displacement ratios exhibit an opposite 

 

Fig. 11 Effect of aspect ratio on residual displacement 

demands 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 Effect of aspect ratio on residual displacement ratios 

 

 

tendency. It should also be noted that, as the lateral strength 

increases both residual displacement demands and residual 

displacement ratios decrease.  
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4. Simplified equation to estimate residual 
displacements 

 
As it is mentioned above, residual displacement / drift 

demand is a critical key parameter to determine structural 

performance and seismic assessment. Thus, a simplified 

equation to predict residual displacement both for fixed 

base and flexible systems would be very useful and 

effective through seismic design. The most effective 

parameters on residual displacement are found to be 

spectral displacement, lateral strength and structural period. 

Thus, a simplified equation to predict residual displacement 

would include these parameters as variables. 

Using the Levenberg-Marquardt method (More 1977) in 

the regression module of STATISTICA (StatSoft 1995), 

nonlinear regression analyses were conducted to derive 

simplified expressions for estimating mean residual 

displacements for both fixed-base and interacting cases, 

respectively. The resulting regression formula is 

appropriately simplified and expressed as 

s dD D S   (8) 

where Ds is given by 

0 1 2*sD a a a   (9) 

In Eq. (9), a0 is a constant whereas a1 and a2 parameters 

depend on lateral strength, R and structural period, T. The 

definition of a1 and a2 parameters are given by Eqs. (10) and 

(11). 

1 * / ( * ) /a b c R d R T e R     (10) 

( * ) ( * )

2

f g T h k Ta R T    (11) 

The proposed equation is also valid for residual 

displacement demands of interacting systems. The main 

difference between the equations of fixed and flexible base 

cases lies in the definition of structural period. For residual 

displacement demand estimation of systems without 

interaction, fixed base structural period is used whereas 

flexible period is used for interacting case, so the rearranged 

equation form is given by 

1 * / ( * ) /a b c R d R T e R     (12) 

( * ) ( * )

2

f g T h k Ta R T    (13) 

For all cases, parameter estimates and coefficients are 

summarized in Table 3. 

Fig. 13 shows the fitness of the regressed function of the 

 

 

mean residual displacement ratios for fixed base and 

interacting systems for both near field and far field records, 

all lateral strength ratios and periods. The vertical axis 

shows the observed/calculated values whereas the 

horizontal axis shows the corresponding values obtained 

with proposed equation Eq. (9). 

Two commonly used measures of “goodness of fit” of 

the nonlinear regression analyses results are computed for 

the proposed equation. The standard error and the 

correlation coefficient values calculated for the cases 

considered are reported in Table 4. From these measures, it 

can be concluded that the proposed equation to estimate 

residual displacements provide good results. 

Figs. 14 and 15 demonstrate the fitness of the proposed 

function for the mean residual displacement ratios for far 

field and near field ground motions, respectively. In these 

figures, the top graphs represent the comparisons of 

calculated and predicted values for fixed base systems 

whereas the bottom graphs represent the comparisons of 

results for and flexible case systems with rearranged version 

of proposed equation. 

 

 

5. Conclusions 
 
In this study, residual displacement demands are 

investigated for both fixed and flexible base SDOF systems 

with period range of 0.1-3.0s under near-field and far-field 

ground motions. The elastoplastic model is used to 

represent non-degrading structures. For soil structure 

interaction, a replacement oscillator represented by the 

effective period and damping of the system is used. The 

mass of this equivalent oscillator is taken to be equal to that 

of the actual structure. Based on nonlinear regression 

analyses, not only conceptually simple but also effective 

new equation is proposed for residual displacement demand 

of both fixed and flexible base systems as a function of 

structural period (T or T
~

), lateral strength ratio (R) and 

spectral displacement (Sd). With respect to authors’ 

knowledge soil structure interaction effects on residual 

 

 

Table 4 Computed measures of “goodness of fit” for Eq. (9) 

Base/Record Set Standard Error, SE Correlation Coefficient, R 

Fixed / FF* 0.02064 0.98 

Fixed / NF 0.02317 0.95 

SSI / FF 0.01962 0.95 

SSI / NF 0.02148 0.95 

*FF: Far field; NF: Near field. 

 

Table 3 Parameter Summary for Eq. (9) 

Base/Record Set 
Coefficients of derived equation 

a0 b c d e f g h k 

Fixed / FF* 0.124 0.184 -0.0252 0.019 -0.173 -0.863 -0.144 -0.675 0.518 

Fixed / NF 4.04 -1.25 0.03 0.06 -0.849 0.433 0.004 -0.083 0.027 

SSI / FF 0.132 0.226 -0.0308 0.0117 -0.196 -0.916 0.029 -0.768 0.445 

SSI / NF -1.59 1.634 -0.032 0.131 -0.965 -0.119 -0.424 0.344 -0.04 

*FF: Far field; NF: Near field. 
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displacement has not been considered, yet, thus this study is 

intended to focus on the effects of soil flexibility on residual 

displacements. The following conclusions can be drawn 

from the results of this study.  

• Residual displacement demands for near field ground 

motions are much greater than the ones for far field 

ground motions. This condition is almost always valid 

for all values of lateral stiffness. Especially for period 

range greater than 1.5s, residual displacement demands 

 

 

for near field ground motions are nearly three times 

greater than the corresponding ones of far field ground 

motions. 

• In contrast to residual displacement demands, the 

variation on residual displacement ratios because of 

fault distance is less noticeable. Especially for period 

range greater than 0.5s, residual displacement ratios do 

not vary significantly with fault distance. 

• Pulse like features have an obvious effect on residual  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13 Comparison of calculated residual displacements with corresponding values obtained with proposed 

equation Eq. (9) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14 Comparison of calculated residual displacement ratios with those computed with Eq. (9) for far field records 

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

O
b
se
rv
e
d

Predicted

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

O
b
se
rv
e
d

Predicted

Fixed / FF SSI / FF 

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

O
b
se
rv
e
d

Predicted

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

O
b
se
rv
e
d

Predicted

Fixed/ NF SSI / NF 

Fixed 

(h/r=1, R=2) 

Fixed 

(h/r=3, R=4) 

Fixed 

(h/r=5, R=6) 

SSI 

(h/r=1, R=2) 

SSI 

(h/r=3, R=4) 
SSI 

(h/r=5, R=6) 

80



 

Residual displacement estimation of simple structures considering soil structure interaction 

 

 

displacement demands for all lateral strength ratios. 

Pulse type ground motions require higher residual 

displacement demands. 

• The effects of pulse like features on mean residual 

displacement ratios are still remarkable but not as 

marked as on residual displacement demands. The 

effects are clear only for period range smaller than 0.5s. 

• Residual displacement demands generally decrease as 

the soil flexibility is taken into consideration. It is 

observed that residual displacement ratios remain nearly 

constant for T>0.5 s. For T<0.5 s, there is a decrease 

tendency for residual displacement ratio for increasing 

values of lateral strength. 

• Residual displacement demands and residual 

displacement ratios almost always remain constant from 

a certain structural period. However, for period range 

shorter than approximately 1.0 s, mentioned parameters 

vary significantly. For this period range, residual 

displacement demands increase as the aspect ratio 

increases, whereas residual displacement ratios exhibit 

an opposite tendency. It should also be noted that, as the 

lateral strength increases both residual displacement 

demands and residual displacement ratios decrease. 

• New equations (Eqs. (8)-(9)) are proposed to represent 

the mean residual displacement demands for considered 

records, lateral strengths, and structural periods. The 

proposed simplified expression provides a good 

approximation of mean residual displacement ratios of 

SDOF systems having non-degrading behavior. Eqs. 

(10) and (11) present the form of equations for residual 

displacements of fixed base case whereas Eqs. (12) and 

(13) present the results for interacting case. The major 

contribution and originality of this study lies in the fact 

that, the proposed equation is also valid for flexible base 

systems with the replacement of fixed base structural 

period to interacting period. 
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