
 

 

 

Abstract—In recent years, earthquake-resistant design and 

retrofitting of structures using various energy dissipation devices such 

as viscoelastic dampers, viscous fluid dampers, and friction dampers 

have been emerging the key research area, due to increase of strong 

ground motion intensity. Also, the viscoelastic dampers were applied 

as a partial rehabilitation material, in order to reduce the story shear, 

inter-story drift, and floor accelerations during and after an 

earthquake. Therefore, the primary objective of this study was to 

estimate the mechanical properties of the new nature rubber having 

shear interface layers, with a relatively low cost of retrofitting rather 

than viscoelastic materials. Furthermore, this study developed the 

Finite Element (FE) model of the GFRP infill panel based on the 

experimental tests considering hardness uncertainty in the new rubber 

material. It was revealed that the panel using 70% hardness nature 

rubber material in semi-rigid steel frames subjected to a seismic 

ground motion resulted in reducing the maximum displacement about 

15 percent in comparison to the semi-rigid steel structure without the 

GFRP infill panel. In addition, the results showed that the GFRP panel 

using the new material can be suitable for seismic retrofitting 

techniques in the critical facilities, during and after an earthquake. 
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I. INTRODUCTION 

OLYMER  Matrix Composite (PMC) materials have received 

considerable attention for use of the retrofit and/or 

rehabilitation of the critical facilities such as hospitals and 

bridges due to their light weight, high stiffness, and high 

strength, during and after an earthquake [1].  A typical 

laminated structure of great use in aeronautical/aerospace, 

marine and civil engineering constructions is the sandwich-type 

construction. The sandwich-type structures are constructed of 

three layers: 1) the external layer with thin shells; 2) thick 

mid-layer as the role of the core; 3) the external layer called face 

sheet with thin shells.  Numerous useful design techniques and 

successful applications have been reported since early 1990’s. 

Aref and Jung showed conceptual design, fabrication, and 

testing of advanced PMC infill panel system within a steel frame 

[2]. In this study, the new nature rubber damping material 
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system based on the previous study [3] was explored, in order to 

induce the shear deformation of the PMC panel and estimate the 

energy absorption characteristics of the system between the 

PMC panels. Thus, numerical experimental and analytical 

studies of the new material with respect to the nature rubber 

hardness ratios for the interface layers were performed. Finally, 

based on these results, Finite Element (FE) model with the PMC 

infill panel induced shear deformation in a steel frame building 

structure were conduced in ABAQUS [4].  

II.  DESCRIPTION OF ENERGY ABSORPTION GFRP INFILL PANELS 

Fig. 1 showed the deformed geometry of the damping panel 

associated with the inter-story drift without considering the 

bonding effect of the interface layers. From Fig. 1, the shear 

strain in the layers can be expressed as: 
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For the shear strain, inter-story displacement (  ), thickness 

of the interface layer ( t ), width ( b ), and height ( h ) of the 

damping panel were considered.  

 
Fig. 1 Description of deformation of the damping panel 

 

Further, the static lateral stiffness of n interface layers can be 

written based on the energy method.  

For the external energy,  
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and the internal energy, 
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Where, 
vG and V present shear modulus and the volume of 

an interface layer of the damping panel, respectively. Then, the 

static lateral stiffness using the energy balance method in 

accordance with (2) and (3) is given as, 
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III. EXPERIMENTAL TESTS OF THE MATERIAL FOR INTERFACE 

LAYERS 

A nature rubber material was chosen rather than the 

viscoelastic material in this study, in order to induce the shear 

deformation of the damping panels and reduce the construction 

cost. The nature rubber composed of three different hardness 

ratios of 50%, 60%, and 70% and Fig. 2 showed a typical test 

specimen for energy absorption systems.  

 
Fig. 2 Design and configuration of the damping material 

 

The test specimen subjected to longitudinal displacement 

control from 1 mm to 5 mm was conducted in frequency domain 

on a MTS hydraulic actuator, as shown in Fig. 3. Also, the 

material was tested at frequencies of 0.1, 1.0, and 3 Hz. The 

deformed shapes of the experimental material for the damping 

panels were described in Fig. 4.   

IV. EXPERIMENTAL RESULTS 

From the experimental tests, the force-displacement 

relationship was monitored and evaluated under different 

frequencies and hardness. Fig. 5 showed the hysteretic behavior 

of the nature rubbers for different hardness at the same 

frequency (1 Hz). 

 

 

 

 

 

 

 

  

 
Fig. 3 Experimental tests of the damping material 

 

Fig. 4 Deformed shapes of the damping material 

 
 

Fig. 5 Force-displacement relationship of the damping material 

 

As shown in the results, it was interesting to find that the 

energy dissipation of the nature rubber material was 

significantly dependent on the hardness ratio.  However, the 

nature rubber material with hardness ratio 70% was not 

dependent on the frequencies, as shown in Fig. 6.   

 

International Conference Data Mining, Civil and Mechanical Engineering (ICDMCME’2015) Feb. 1-2, 2015 Bali (Indonesia)

http://dx.doi.org/10.15242/IIE.E0215038 98



 

 

 

Fig. 6 Force-displacement relationship of the damping material with 

different frequencies 

V. PERFORMANCE EVALUATION OF ENERGY ABSORPTION GFRP 

INFILL PANELS 

Based on the experimental results with 70% hardness ration, 

two-dimensional fully coupled thermal-stress FE analysis was 

conducted in ABAQUS. Fig. 7 showed a steel frame with 

semi-rigid connections with the details of FE model. In addition, 

the semi-rigid FE model consisted of three fictitious springs: 1) 

spiral spring ( ( )K  ) with accounting for the connection flexure 

behavior; 2) axial spring ( ( )K x ) with respect to the connection 

axial behavior; 3) axial spring ( ( )K y ) in accordance with the 

behavior of the connection subjected to shear effort. All of 

beam-to-column connections used in the frame were bolted top 

and seat angles connections and the damping material properties 

of the nature rubber with 70% hardness for the interface layers 

were obtained from the experimental result. The FRP laminates 

and viscoelastic interface layers were preformed by 4-node 

bilinear displacement and temperature element. The rigid 

elements were applied for deformable shape of the steel frame 

between the beams and the damping panels. The detail 

information could be found in [5]. The earthquake loading 

protocol was illustrated in Fig. 8 and the shear deformation of 

the GFRP damping infill panes was shown in Fig. 9. As a result, 

the energy absorption using the new rubber material between 

the panels was significantly increased and the displacement of 

the damping panels with the interface layers was more effective 

than the damping panels without using the rubber material 

between the interface layers, as shown in Fig. 10.  

 
      Fig. 7 Simplified model for semi-rigid angle connections 

 

 
Fig. 8 Seismic ground motion 

 

 
Fig. 9  Deformed shape of the damping panel 

 

 

Fig. 10 Displacement time histories of the damping panels 
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VI. CONCLUSION 

This paper represented the energy absorption characteristic 

of the new rubber materials for the multi-panel PMC infill 

system and evaluated the performance of the damping panels by 

using ABAQUS. Consequently, the new material (nature 

rubber) was not dependent on the frequencies but the damping 

characteristics were significantly changed by hardness ratio.  

Furthermore, the damping panel using nature rubbers between 

interface layers in the PMC system can reduce the displacement 

up to 15% in comparison to the panel system without using the 

damping material between the interface layers.  
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