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ABSTRACT 
Seismic isolation system is one of the effective methods used to improve the seismic performance of the structures such 
as buildings and bridges. Typically, seismic isolation systems are employed to increase the seismic resistance of 
structures such as bridges and buildings against earthquake. Structural seismic isolation systems generate sliding in the 
bearing in order to reduce the seismic energy transmitted to the upper part of the structure. However, structural seismic 
isolation system incurs high costs and permits only small displacement. In this study, the seismic performance of 
geotechnical seismic isolation system is investigated. Teflon and steel slag were used as the geotechnical seismic 
isolation system. For various seismic input motions, seismic responses were investigated by performing 1-G shaking 
table experiments. As a result, Geotechnical seismic isolation system shifts the natural period of the structure further to a 
longer period, compared to the conventional structural type isolation system. 
 
 
1 INTRODUCTION 
 

The frequency of earthquakes occurring in Japan, 
South Korea, and the Philippines has significantly 
increased than recorded in the past. Due to increasing 
urbanization, the damage caused by earthquakes has 
consequently led to higher number of human casualties. 
Public infrastructures such as bridges are particularly 
vulnerable, rendering them unserviceable as shown in 
Figure 1. 

 
 

  

Figure 1. Bridge failure (Loma Prieta, USA, 1989) 
 
 

Typically, seismic isolation systems are employed to 
increase the resistance of structures such as bridges and 
buildings against earthquake. Various forms of seismic 
isolation systems are used. As an example, different 
types of seismic isolation system using LRB and FPS are 
applied to bearings. LRB type seismic isolation absorbs 
the seismic energy using the flexibility of the rubber. FPS 
type, on the other hand, generates sliding in the bearing 
in order to reduce the seismic energy transmitted to the 
upper part of the structure. However, structural seismic 
isolation system incurs high costs and can’t permit large 

displacement.  
In the past, seismic isolation system was applied to the 

superstructure of the bridge. Recently, researches on the 
technology for reducing earthquake motion on 
foundations are getting underway. An (2006) performed 
an evaluation of the performance of sand and Teflon 
materials as seismic isolators for bridge pier foundations 
as shown in Figure 2. Xiao et al. (2004) investigated the 
performance of a seismic base isolation system using 
various materials in semi-dynamic experiments, shaking 
table tests, and numerical analyses. 

 
 

 
Figure 2. Isolation system using PTFE and sand (An, 

2006) 

 
 

To absorb seismic energy, a rubber-soil mixture (RSM) 
was installed at the building structure foundation (Tsang, 
et. al, 2010; Tsang, 2008). It presents that the seismic 
energy absorption of RSM was better than its of pure 
sand. Soil mixed splinter tire based rubber was proven to 
increase the shear strength (Edil and Bosscher, 1994). 



 

In the case of Rion-Antirion bridge in Greece, the safety 
was improved by installing a seismic isolation system with 
thickness of 2.8m of gravel between the ground of the pier 
foundation (Pecker, 2004). 

Kim (2001, 2005) reported the dynamic frictional 
properties of the geosynthetic interface using shaking 
table test and proposed study method about it. Friction 
coefficient between the steel slag and concrete blocks 
used in the seismic isolation system was 0.645. Hence, 
the friction angle of the contact surface was 32.8°. 
Similitude was considered and the experiment and was 
conducted using the parallel particle size distribution 
method (Parallel grading method) (Kim, 2012). 

In this study, a 1-G shaking table experiment was 
conducted with scaled models of different structure types, 
fixed foundation, sliding foundation, and rocking 
foundation to evaluate the seismic performance of the 
geotechnical seismic isolation system built of Teflon and 
steel slag. 

 
2 SIMILITUDE LAW 
 

 Models should satisfy the similitude law. Similitude 
Law is representing the relationship between the actual 
structure (prototype) and the scale model (scaled model) 
based on the dimensional mathematical analysis 
techniques to infer the theoretical relationship of variables 
in describing a physical phenomenon. Usually, the 
similitude is determined by selecting the mass (mass), the 
length (length), and the time (time) as the default 
dimensions wherein other variables are derived to 
determine the scale factor. 

The size of the prototype structure used in this study is 
presented in Figure 3, wherein the scaling factors 
suggested by Iai (1989) were used (Table 1). Rocking and 
Sliding isolation modes were studied. Steel slag and 
Teflon were used as the seismic isolation materials. The 
material properties of the model ground are presented in 
the Table 2. 

 
 

 

Figure 3.   Prototype structure 
 
 

Table 1. Similitude for 1-G shaking table experiment 

Division Scale 

Applied Factor 

Fixed 
foundation 

Rocking, Sliding 
foundation 

Geometry λ 30 60 

Acceleration 1 1 1 

Strain λε 1 1 

Time (λλε)0.5 5.47 7.74 

Displacement λλε 30 60 

 
 

Table 2: Material properties of the model ground 

Parameter 
Rigid 

ground 
Structure 

Seismic 
isolation 

layer 
Teflon 

Shear modulus 
(kPa) 

- - 42,750 - 

Compression 
strength (kPa) 

30,000 30,000 - - 

Unit weight 
(kN/m

3
) 

15 23 25 9.3 

Internal friction 
angle(°) 

- - 42 - 

 
 

3 1-G SHAKING TABLE EXPERIMENT 
 
1-G shaking table test was performed by using the 

shaking table at the Pusan National University Korea. In 
the case of the soft ground, because of larger damping 
occurs in the ground, it was occurred problem that the 
acceleration was not transmitted to the seismic isolation 
system (Son et al., 2014). So, the model ground was built 
of cement mortar as a rigid foundation. Various sinusoidal 
waves were used. 
 
3.1 Experiment setup and measurement 
 

5m-wide 2-DOF shaking table was used. 2m long and 
1.2m wide soil box was used. The experiment structure 
was carried out using three different foundations; fixed 
foundation, sliding foundation and rocking foundation. 
Note that the rocking foundation was also a combination 
mode of sliding and rocking. Teflon and steel slag were 
located between rigid foundation and superstructure. 
Teflon was applied to the sliding foundation, and the steel 
slag was applied to the rocking foundation. 

Accelerometers were installed in the pier column, upper 
foundation, and the x-axis (horizontal), and  z-axis 
(vertical) directions on the upper mass. Displacement 
gauges were also installed on the upper foundation, upper 
mass, and pier (Figure  4). 

 
 



 

 

(a) Fixed foundation 

 

 (b) Sliding foundation(small size) 

 

(c) Rocking foundation(small size) 

Figure 4. Experiment setup 

 
 

3.2  Input motion 
 

A wide range of frequencies (1.2Hz~35.25Hz), and of 
magnitudes (0.03g~1.0g) were used. 
 

4 RESULTS AND ANALYSES 
 
The results of the 1-G shaking table test are analyzed in 
time and frequency domains. Utilizing model experiment 
analyses, the prototype results are presented in this study. 
The results are analyzed in term of the prototype. 
 
4.1 Natural period of structure 

Simple lumped-mass-spring model was developed to 
describe the 1-G shaking model test (Figure 5). The 
properties of the spring were obtained by inverse analysis 
of the experimental results. 

Natural period of total system of structures were 
determined using eigenvalue analysis (Table 3). 
Geotechnical seismic isolation system shifts the natural 
period of the structure further to a longer period, 
compared to the conventional structural type isolation 
system. Sliding foundation case has a longer natural 
period than rocking foundation case. 

 
 

 
Figure 5. Simple lumped-mass-spring model 

 
 

Table 3: Natural period 

Location 
Fixed 

foundation 
case 

Sliding 
foundation 

case 

Rocking 
foundation 

case 

Natural 
Period 
(sec) 

0.14 0.36 0.23 

 
 

4.2 Acceleration response 
 

The peak transmission acceleration ratios in various 
frequencies of the input sine motion are shown in Figure 5.  
Figure 6 (a) shows that acceleration of the Teflon layer 
tends to amplify more than that of the steel slag layer. At 
the upper foundation, the acceleration ratio is generally 



 

larger than 1 (Figure 6 (b)), while the acceleration ratio is 
usually smaller than 1 at the pier (Figure 6 (c)).  

At upper mass, the acceleration of mass tends to 
amplify in the range of 0~2Hz. At the fixed foundation 
structure acceleration amplified the most. It shows that 
the seismic isolation system used for the sliding and 
rocking structures are more effective in the acceleration 
reduction. At the upper foundation location of all 
structures, the acceleration generally amplifies within the 
frequency of 3~5Hz, and at the upper mass location, 
acceleration amplifies within 0~2 Hz. The natural period of 
the structure shifted from a short period to a long period 
due to sliding and rocking. In order to analyse the detailed 
acceleration response of the structure, it necessary to 
analyse the natural period characteristics at each position. 

 

(a) Isolation system 

 

(b) Upper foundation 

 

(c) Pier 

 

(d)   Upper mass 

Figure 6. Evaluation of acceleration amplification ratio 
in different positions 
 
 
4.3     Horizontal displacement response 

 
Horizontal displacements of three different foundation 

structures with different foundation types were analysed. 
Figure 7 shows the horizontal displacement versus 
frequency curves and largest displacements occurred in 
the sliding structure. Due to sliding between upper 
foundation and Teflon, the displacement at the sliding 
foundation structure was larger than that of the fixed and 
rocking foundation structures on all input motions 
(0.03g~1.0g). Input wave was occurred energy dissipation 
by apprearance of displacement at the seismic isolation 
system, and thereby the transmission acceleration is 
decreased. 



 

 

(a) Input acceleration 0.03g  

 

(b) Input acceleration 0.1g 

 

(c) Input acceleration 0.5g 

 

(d) Input acceleration 1.0g 

Figure 7. Between horizontal displacement of different 
structures considering various frequency of input 
acceleration 
 
4.4 Response Spectrum 
 

Figure 8 shows the response spectrum of each structure. 
 
It is seen that while the natural period of the fixed 

foundation structure occurs in a short period, the structure 
with seismic isolation system meets its natural period in a 
long period meanwhile the input wave is transmitted to the 
mass of the structure through the seismic isolation system. 
Therefore, it is concluded that the cyclic characteristic of 
the input wave is affected by employing the seismic 
isolation system and natural period of the structure is 
shifted to the long period.  

 

5. Summary and Conclusions 
 

1-G shaking table experiment was conducted to 
evaluate the effect of geotechnical seismic isolation 
system on the seismic load reduction. The results are 
summarized as follows;  

 
1. At upper mass, the acceleration of mass tends to 

amplify in the range of 0~2Hz. At the fixed foundation 
structure acceleration amplified the most. It shows that 
the seismic isolation system used for the sliding and 

Figure 8. Response spectrum at structure mass 



 

rocking structures are more effective in the acceleration 
reduction. 

2. At the upper foundation location of all structures, the 
acceleration generally amplifies within the frequency of 
3~5Hz, and at the upper mass location, acceleration 
amplifies within 0~2 Hz. The natural period of the 
structure shifted from a short period to a long period due 
to sliding and rocking. 

3. Geotechnical seismic isolation system shifts the 
natural period of the structure further to a longer period, 
compared to the conventional structural type isolation 
system. 

4. Additional study is going to generalize the 
experimental results. 
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