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ABSTRACT:  This paper presents simulations that highlight the influence of the friction pendulum 

radius on the behavior of isolated structures. A model was created in SolidWorks, which is 

employed to find out the structural response. The excitation in term of displacements, ensured by a 

feature of the software program, follows a sine function. The study has shown the frequency 

evolution with the radius increase, along with the displacement of the isolated structure. 
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1. INTRODUCTION 
 

If earthquakes take place, the resulted soil 

shaking affects large areas around its 

epicenter. In function of the earthquake 

magnitude, the built environment can be 

harmed and also the loss of human life can be 

noticed. In Romania, the main sources are 

located in the Vrancea and the Banat region. 

These sources present the highest seismic risk 

[1]. Nowadays, various technical solutions to 

diminish the results of the ground trepidations 

are available [16]. One of the most employed 

solutions consists in inserting elastomeric 

devices under the protected structure [4]. 

Design principles of these base isolation 

systems are well described in the literature 

[17]. The simplest devices consist of natural 

rubber or neoprene with or without metallic 

insertion [10]. More complex devices include 

a lead core [15] or combine a simple rubber 

bearing with a lead-rubber bearing [7]. A lot 

of procedures to identify the mechanical 

characteristics of such devices [5] and the 

models that describe the specific behavior [6] 

were contrived. Another class of seismic 

isolation devices, which have been introduced 

in 1985, is related to the friction pendulum. In 

the meantime, advanced FP bearing types 

were designed and implemented. Among the 

most utilized solutions are: the simple friction 

pendulum (SFP), double friction pendulum 

(DFP) and triple friction pendulum (TFP). 

Description of these devices and the expected 

structural response are presented in the 

literature, see for instance [2], [9], [3], [8]. 

Our previous research regarding the base 

isolation via SFPs concerned the effect of the 

friction coefficient for fixed dimensions of the 

sliding face radius [12]. In this paper, we 

analyze the dynamic response of an isolated 

structure for several SFP radii. 

 

2. MATERIALS AND METHODS 

 

The research was performed involving the 

SolidWorks software, in particular by using 

the Motion module [13], [14]. The 3D test 

structure is made of steel bars and has the 

dimensions 1200x400x200 mm.  
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The ground is designed as an assembly with 

two parts: (
*
) a fixed base plate with the 

dimensions 600x200x10 mm as a reference; 

(
**

) a mobile shaking plate with the same 

dimensions as the base plate, reproducing the 

ground motion. 

A schematic of the structure, reflecting the 

configuration and the component parts, the 

dimensions and details regarding the imposed 

contacts is given in figure 1. The simulation 

was made for the following conditions: 

- the base plate is fixed; 

- the shaking plate is moved in the X 

direction with a Linear Motor that 

imposes a displacement with following 

parameters:  

o Oscillating motion after a sine 

function rule,   

o Max Displacement 10A mm , 

o Frequency 1ef Hz . 

In this study the gravitational acceleration is 

set as g=9.80665 m/s
2
 oriented in Y direction. 

The analysis is made for 30 seconds. 

 

 

Figure 1.  The test structure 

 

The sliding surface radius, modeled as an 

extrusion from the shaking plate, was 

stepwise modified in the range 110÷960 mm 

with a 50 mm step. Contact with friction, see 

table 1, is imposed between the bottom side 

of the structure and the cylindrical surface of 

the shaking plate. Both components are made 

of steel. Frictionless contact was chosen 

between the fixed base plate and the shaking 

plate. The system has a natural frequency nf  

which is given by the relation: 

=2n

R
f

g
              (1) 

 

Table 1. Contact condition based on friction coefficients 

Components Contact case D [-] D mm/s
2
 S [-] s mm/s

2
 

Structure Steel (dry) 
0.25

 
10.16 0.3 0.1 

Shaking plate Steel (dry) 

3. RESULTS AND DISCUSSION 
 

The simulation results are presented in figures 

2 to 5. One observe that for the frequency 

excitation = Hzef 1 , if the SFP radius is low, 

110 mm in our case, the displacement of the 

structure follows the displacement of the 

ground, see figure 2. If the radius of the 

sliding surface is increasing, the structure 

crosses through resonance. In this case, the 
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amplitude of the structure’s displacement increases as well. This is shown in figure 3.  
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Figure 2.  Under-resonant structural behavior 
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Figure 3.  Structural behavior in the resonance domain 

 

The biggest amplitude is achieved for the case 

4 260R mm , giving the natural frequency 

1.023nf Hz , which is very close to the 

excitation frequency. An increase of the 

radius leads to an increase of nf . After this 

frequency passes the excitation frequency, the 

amplitude of the structure’s displacement 

decrease. The amplitudes for all cases in the 

resonance domain are presented in table 2.  

 

 

Table 2. Amplitudes achieved in the resonance domain  

Ri  

[mm] 
110 160 210 260 310 360 410 460 510 

Amin 

[mm] 
-14.95 -23.52 -47.54 -55.65 -35.31 -24.38 -19.09 -17.62 -15.09 

Average 

[mm] 
-4.81 -5.23 -5.32 -4.68 -4.74 -5.38 -5.06 -5.41 -4.70 

Amax 

[mm] 
5.34 13.07 36.90 46.30 25.83 13.62 8.98 6.80 5.70 
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Figure 4.  Structural behavior in post-resonance 

 

For even bigger friction pendulum radii, the 

natural frequency increases and the amplitude 

of the structure’s displacement decrease in 

consequence. The best results in isolating the 

structure are obtained for the frequency ratio 

2/n er f f   as stated in the theory. Not 

just the amplitudes in the transitory regime 

are in this domain the lowest, but also the 

evolution in the stabilized regime present low 

amplitudes. The highest amplitudes for the 

post-resonant regime are presented in table 3, 

while figure 5 shows the amplitudes for all 
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the analyzed cases (sub-resonance, resonance and post-resonance domain).                           . 

Table 3. Amplitudes achieved in post-resonance 

Ri  

[mm] 
560 610 660 710 760 810 860 910 960 

Amin 

[mm] 
-13.52 -13.38 -13.24 -13.00 -13.01 -12.92 -12.83 -12.75 -12.55 

Average 

[mm] 
-4.29 -4.71 -4.95 -5.46 -5.61 -5.95 -6.27 -6.38 -6.28 

Amax 

[mm] 
4.94 3.96 3.35 2.08 1.80 1.02 0.30 0 0 
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Figure 5.  Amplitudes achieved for different friction pendulum radii (R = 110 ÷ 910 mm) 

 

Having a look onto figure 5 one can observe 

that an effective isolation is achieved for radii 

bigger then 610 mm. This means that, the 

friction pendulum must be designed to fulfill 

this condition, or, if the sub-resonant domain 

is chosen the radius must be small enough to 

avoid approaching the resonance. Obviously, 

design must consider the expected relevant 

period of the earthquake. 

Comparing the results with those of other 

simulations made by the authors for similar 

circumstances, but for different friction 

coefficients and excitation frequencies [11], 

we noticed the frequency ration r at which 

resonance is achieved moves to lower values 

for a bigger friction coefficient. Also, the 

amplitude in the resonance is smaller for the 

bigger friction coefficients. 

 

CONCLUSION 
The paper present simulations made to find 

the effect of changing the friction pendulum 

radius on the response of the isolated 

structure. It was found that the biggest 

amplitude is achieved for a natural frequency 

of the system that is similar with the 

excitation frequency. On the other hand, an 

effective isolation is obtained for frequency 

ratios r bigger then 1.4. For values of the 

friction pendulum radii ensuring this 

condition the amplitudes, in the transitory as 

well as that in the stabilized regime, 
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accomplishes smallest values. In the 

stabilized regime, the structural displacement 

is half of the excitation amplitude. 

 

REFERENCES 
 

[1] Aldea, A., Neagu, C., Udrea, A. Site 

response assessment using ambient 

vibrations and borehole-seismic records. 

15th World Conference on Earthquake 

Engineering 2012, Lisbon, Portugal, 24-28 

September 2012, pp. 6086-6096. 

[2] Constantinou, M.C. Behavior of the 

double concave Friction Pendulum 

bearing. Earthquake engineering and 

Structural dynamics, 35(11), 2006, pp. 

1403-1424. 

[3] Fenz, D.M., Constantinou, M.C. Spheri-

cal sliding isolation bearings with adaptive 

behavior: experimental verification. 

Earthquake Engineering and Structural 

Dynamics, 37(2), 2008, pp. 185-2015. 

[4] Gillich, G.R., Amariei, D., Iancu, V. 

Jurcau, C. Aspects behavior of bridges 

which use different vibration isolating 

systems. 10th WSEAS International 

Conference on Automation & Information 

(ICAI’09), Prague, March 23-25, 2009, pp. 

140-145. 

[5] Gillich, G.R., Bratu, P., Frunzaverde, D. 

Amariei, D., Iancu, V. Identifying 

mechanical characteristics of materials 

with non-linear behavior using statistical 

methods. Proceedings of the 4th WSEAS 

International Conference on Computer 

Engineering and Applications, Harvard 

USA, 2010, pp. 96-103. 

[6] Iancu, V., Gillich, G.R., Iavornic, C.M., 

Gillich, N. Some models of elastomeric 

seismic isolation devices. Applied 

Mechanics and Materials, Vol. 430, 2013, 

pp. 356-361. 

[7] Iancu, V., Vasile, O., Gillich, G.R. 

Modelling and Characterization of Hybrid 

Rubber-Based Earthquake Isolation 

Systems. Materiale Plastice, 49(4), 2012, 

pp. 237-241. 

[8] Jurcau, C.S., Gillich, G.R. The Use of the 

Friction Pendulum Bearings for Isolation 

of the Built Environment. Romanian 

Journal of Acoustics and Vibration, 6(2), 

2009, pp. 87-90. 

[9] Jurcau, C.S., Gillich, G.R., Iancu, V. 

Amariei, D. Evaluation and control of 

forces acting on isolated friction 

pendulum. The 3rd WSEAS International 

Conference (EMESEG ‘10), Corfu Island, 

Greece, 2010, pp. 220-225. 

[10]  Kelly, J.M., Konstantinidis, D. Mecha-

nics of rubber bearings for seismic and 

vibration isolation. Wiley, 2011. 

[11]  Nedelcu, D., Gillich, G.R., Iancu, V., 

Mălin. C.T. Study on the effect of a simple 

friction pendulum radius on the response 

of isolated structures. ICMSAV 2018 & 

COMAT 2018 & Emech 2018, Brasov, 

Romania, 25-26 October 2018. 

[12]  Nedelcu, D., Iancu, V., Gillich, G.R., 

Bogdan, S.L. Study on the effect of the 

friction coefficient on the response of 

structures isolated with friction pendulums. 

Vibroengineering Procedia, Vol. 19, 2018, 

pp. 6-11. 

[13]  Popescu, M.C., Popescu, C. Functional 

parameters modelling of transformer. 

Journal of Mechanical Engineering 

Research 1 (1), 2009, pp. 001-038. 

[14]  Popescu, M.C., Popescu, L.G., Popescu 

C. Modelling and simulation of evacuation 

processes of pollutants in the room. 

International Review of Chemical 

Engineering 1 (6), 2009, 525-546. 

[15]  Robinson, W.H., Lead-rubber hysteretic 

bearings suitable for protecting structures 

during earthquakes. Earthquake Engi-

neering & Structural Dynamics, 10(4), 

1982, pp. 593-604. 

[16]  Skinner, R.I.., Robinson, W.H., 

McVerry, G.H. An introduction to seismic 

isolation, John Wiley and Sons, London, 

1993. 

[17]  Taylor, A., Lin, A., Martin, J. Perfor-

mance of Elastomers in Isolation Bearings: 

A Literature Review. Earthquake Spectra, 

8(2), 1992, pp. 279. 

 
  


