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Abstract. In this paper, we investigate the performance of a new lead rubber damper (LRD) and 
its applicability to a full-scale structure. This device is more advanced than existing lead-rubber 
based isolation devices. In contrast to the existing devices, multiple lead cores are installed in the 
LRD in order to enhance the performance of the laminated rubber and lead. It is able to perform 
effectively under the application of shear force. An experiment was performed to investigate its 
dependency on the level of shear strain and frequency. The applicability of this new device to a 
full-scale structure is also examined by performing a vibration test on a five floor modal-test tower. 
Keywords: lead rubber damper, equivalent damping ratio, energy dissipation capacity, frequency 
dependency, shear strain dependency, full-scale modal-test tower. 

1. Introduction 

In recent years, a demand on the earthquake resistant and isolation technologies has been 
consistently increasing due to the occurrence of huge earthquakes that resulted in massive damage 
and devastation such as 2010 Haiti earthquake and 2011 Tohoku earthquake in Japan. In order to 
mitigate the seismic damage, many different types of dampers have been developed such as 
magneto-rheological fluid (MRF) dampers [1-4], liquid dampers [5, 6] and lead rubber type 
dampers [7, 8]. In addition, various theoretical models [9-12] also have been proposed to evaluate 
the performance of these dampers. 

The lead rubber bearing (LRB) is a representative lead rubber type damper and one of the most 
commonly used earthquake isolation devices. Its typical shape and hysteresis curve are illustrated 
in Fig. 1. It has a simple structure where a lead core is installed at the center of laminated rubber. 
It retains high restoration and damping force, and the natural period of structures can be increased 
by using it. 

This study investigates the performance of a new lead rubber damper (LRD) shown in Fig. 2, 
which is more advanced than the existing LRB. In contrast to the LRB, multiple lead cores are 
installed in the LRD in order to enhance the performance of the laminated rubber and lead. The 
lead rubber damping device is reusable even after experiencing an event of earthquakes since both 
of rubber and lead have an ability to restore its original shape once shear deformation has taken 
place. However, if the size of a lead core is large, it diminishes the restoration force of the material. 
Therefore, multiple lead cores are included in the new damper, instead of using a single large core. 
The new LRD can show an excellent performance when subjected to seismic shear force. 

Two important variables in utilizing a damper to effectively resist predetermined seismic loads 
are its effective stiffness and equivalent damping ratio. There are many characteristics that can 
affect these two variables such as the dependency on displacements, frequencies, vertical 
pressures, temperature and the level of shear strain. Among these, the dependency on the level of 
shear strain and frequency of the new damper is investigated by performing an experiment. In 
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addition, the applicability of this new device to a full-scale structure is also examined by 
performing a vibration test on a five floor modal-test tower. 

 
Fig. 1. Shape of lead rubber damper (LRB) and hysteresis curve 

 
Fig. 2. Lead rubber damper (LRD) and cross sectional shape 

 
Fig. 3. Test setup 

2. Experimental program 

The proposed LRD was designed by considering several factors such as its shape factor, 
stiffness and equivalent damping ratio. It size is 500 mm×300 mm×100 mm. The total thickness 
of the laminated rubber excluding the insert plate is 32 mm. 15 lead cores, of which size are 
D30 mm×100 mm, are inserted into the device. An experiment was performed using a fatigue 
testing machine to investigate the characteristics of the LRD. The test setup is illustrated in Fig. 3. 
Two LRD pads were used as a single specimen, and lateral force was applied to the specimen by 
the actuator with maximum capacity of 500 kN while vertical force by the actuator with maximum 
capacity of 2,000 kN. The details of the fatigue testing machine are given in Table 1. 

Table 1. Maximum capacity of the fatigue testing machine 
 Vertical direction Horizontal direction 

Load (kN) 2 500 
Displacement (mm) ±100 ±200 
Velocity (mm/sec) 100 200 
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3. Dependency on different level of shear strain 

In order to investigate the dependency of the device on the level of shear strain, a cyclic lateral 
loading was applied to the specimen for five different levels of shear strain such as ±20 %, ±50 %, 
±100 %, ±150 % and ±200 % by following the guidelines in [13]. The total number of cycles of 
the applied lateral load is 12, and its frequency is 0.1 Hz for all cases. The level of shear strain is 
determined by the lateral displacement imposed by the actuator. For instance, since the height of 
the laminated rubber is 32 mm, the lateral displacement for the shear strain of ±100 % is ±32 mm. 
The temperature of the room where the test was performed was 23 °C. The results of the test are 
presented in Table 2 and the hysteresis curves are given in Fig. 4. The effective stiffness and 
energy dissipated per cycle for different level of shear strain are plotted Fig. 5. It indicates that the 
effectiveness stiffness of the device decreases as the level of shear strain increases while the 
energy dissipated per cycle (EDC) increases with increasing level of shear strain. In contrast, as 
shown in Fig. 6, its equivalent damping ratio did not show any trend, and its average is 
approximately 22 %. 

Table 2. Results of the shear strain dependency test 
Shear strain (%) (displacement (mm)) 10 (3.2) 20 (6.4) 50 (16) 100 (32) 150 (48) 200 (64) 
Effective stiffness (kn/mm) 50.59 39.27 25.13 17.00 13.18 11.95 
Energy dissipated per cycle (kn·m) 0.56 2.21 9.33 24.59 36.40 47.27 
Equivalent damping ratio (%) 20.80 24.70 25.00 24.90 20.10 16.60 

 
Fig. 4. Hysteresis curves of the shear strain dependency test 

Fig. 5. Effective stiffness and energy dissipated  
per cycle for different level of shear strain 

  
Fig. 6. Equivalent damping ratio for different  

level of shear strain 
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4. Dependency on different level of frequency 

Similarly to the shear strain dependency test, the frequency dependency of the device was 
investigated by applying the lateral displacement corresponding to the shear strain of 50 % for 
five different levels of frequency such as 0.1 Hz, 0.25 Hz, 0.5 Hz, 0.75 Hz and 1.0 Hz. The total 
number of cycles of the applied lateral load is 12 for all cases. The results of the test are presented 
in Table 3 and the hysteresis curves are given in Fig. 7. The effective stiffness and EDC for 
different level of shear strain are plotted Fig. 8. The equivalent damping ratio for different level 
of shear strain is presented Fig. 9. All of these results indicate that the effective stiffness, EDC 
and equivalent damping ratio are not affected by the level of frequency. This seems to happen 
because the equivalent damping ratio of rubber is significantly lower than that of lead and the 
recrystallization of lead does not depend on the frequency of loading. Consequently, the 
dependency of the laminate rubber on frequency determines the overall dependency of the device, 
leading to the insensitiveness of the device to the level of frequency.  

Table 3. Results of the frequency dependency test 
Frequency (Hz) 0.10 0.25 0.50 0.75 1.00 
Effective stiffness (kN/mm) 25.31 26.54 27.18 27.85 27.38 
Energy dissipated per cycle (kN·m) 23.40 24.20 24.50 24.80 24.90 
Equivalent damping ratio (%) 8.85 9.11 9.13 8.83 8.86 

 
Fig. 7. Hysteresis curves of the frequency dependency test 

Fig. 8. Effective stiffness and energy dissipated per 
cycle for different level of frequency 

 
Fig. 9. Equivalent damping ratio for different level 

of frequency 
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5. Application of the proposed lead rubber damper to full-scale structures 

This section experimentally investigates the applicability of the proposed LRD to a full-scale 
structure. The full-scale test model is the modal test tower with five floors, which is shown in 
Fig. 10. The dimension of each floor is 6 m×6 m×6 m, and four H-shape steel columns exist at the 
corners of each floor. A vibration exciter was located at the top floor, and the LRD was installed 
at the base floor in the form of the toggle bracing system as shown in the figure. This is similar to 
the toggle-brace-damper system discussed in [14], and a small LRD with a single core was used 
in the toggle bracing system, instead of the normal size LRD illustrated in Fig. 2. Two cases with 
and without this bracing system were considered to investigate the effectiveness of the proposed 
LRD. As illustrated in Fig. 11, the vibration at each floor was measured using six accelerometers, 
and the measured data with/without the bracing system were stored on a desktop computer through 
a signal conditioner and A/D board. The excitation details are also provided in the figure. 

 
Fig. 10. Modal test tower and toggle bracing system with the proposed LRD (unit: mm) 

A harmonic excitation signal provided by the vibration exciter is presented in Fig. 12. The 
excitation was continued during 60 seconds, and the vibration of the structure was measured at 
each floor until it became negligible. The vibration signal was 2 V. The vibration frequency of the 
exciter was increased from 0.49 Hz to 0.63 Hz with an increment rate of 0.01 Hz. This is because 
the natural frequencies with and without the toggle bracing system were expected to be 0.55 Hz 
and 0.60 Hz, respectively, from the result of a simple modal analysis of the test structure, which 
was obtained using the commercial software ANSYS [15]. Then the frequency that produces the 
maximum displacement was found from the measured data at each floor. 

Fig. 13 presents the maximum displacement measured at each floor for the cases with and 
without the toggle bracing. As expected, the maximum displacement is generally proportional to 
the height of the floor, thus the peak value of the maximum displacement always exists at the fifth 
floor in the entire range of excitation frequencies. The peak value of the maximum displacement 
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is 84 mm at 0.55 Hz in the case without the bracing. After installation of the bracing, it is 82 mm 
at 0.62 Hz. This indicates that the natural frequency of the test structure changed from 0.55 Hz to 
0.62 Hz by installing the toggle bracing in the structure and the peak value of the maximum 
displacement has been reduced by approximately 3 %.  

 
a) Excitation details

 
b) Locations of installed accelerometers in the modal test tower

Fig. 11. Test setup illustration 

Fig. 14 shows the maximum displacement plots of the second and fifth floors before and after 
installation of the bracing. At the second floor, the maximum displacement is decreased after 
bracing installation in the entire range of vibration frequencies. However, the maximum 
displacement value does not change significantly at the fifth floor. This shows that the reduction 
of the maximum displacement due to the installation of the toggle bracing with the proposed LRD 
is more significant at relatively low floors.  

 
Fig. 12. Excitation signal 
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a) Case without the bracing b) Case with the bracing 
Fig. 13. Maximum displacement measured at each floor for the system with and without the bracing 

a) Second floor b) Fifth floor
Fig. 14. Maximum displacement measured at the second and fifth floor of the test structure 

6. Conclusions 

In this study, an experiment was performed to investigate the dependency on the level of shear 
strain and frequency of the newly proposed LRD, and its equivalent damping ratio, energy 
dissipation capacity and effective stiffness were evaluated. The applicability of this new device to 
a full-scale structure is also examined by performing a vibration test on a five floor modal-test 
tower. The following conclusions can be drawn from the test results: 

1) The results of the shear strain dependency test show that the effectiveness stiffness of the 
device decreased as the level of shear strain increased while the energy dissipated per cycle (EDC) 
increased with increasing level of shear strain. In contrast, its equivalent damping ratio did not 
show any trend, and its average is approximately 22 %. 

2) The results of the frequency dependency test indicate the effective stiffness, EDC and 
equivalent damping ratio of the device are not affected by the level of frequency. This seems to 
happen because the equivalent damping ratio of rubber is significantly lower than that of lead and 
the recrystallization of lead does not depend on the frequency of loading. Consequently, the 
dependency of the laminate rubber on frequency determines the overall dependency of the device, 
leading to the insensitiveness of the device to the level of frequency. 

3) In the results of the full-scale model test to investigate the effectiveness of the proposed 
LRD, the maximum displacement is generally proportional to the height of the floor, thus the peak 
value of the maximum displacement always exists at the fifth floor in the entire range of excitation 
frequencies 

4) The full-scale model test results show that the natural frequency of the test structure changed 
from 0.55 Hz to 0.62 Hz by installing the toggle bracing with the proposed LRD in the structure, 
but the peak value of the maximum displacement has been reduced by approximately 3 %. In 
addition, the reduction of the maximum displacement is more significant at relatively low floors 
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rather than at high floors. 
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