Improving The Urban Seismic Resilience

Through Vibrating Barriers

Background: Numerical Analysis: ViBa Design:

Recent disasters worldwide manifest the clear need to address the seismic The numerical model of an urban environment has been developed in agreement to The ViBa has been designed for harmonic excitation to absorb a design
resilience of existing buildings in a different and more affordable way. The Kham et al. (2006). Figure 2 shows the numerical FE model developed in SAP2000 with frequency (i.e. the peak of the transfer function as in Figure 8).

construction industry successfully introduced devices such as isolators and Points 1-6 lindicateczl and its validation shown in Figure 3 and Figure 5. 2 - —— r )
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devices are rarely used for the protection of existing buildings, as they require e ; T kf,viBa + ksssi(2 + kf,viBa/kf) — @ (myf viBa + mviBa)
substantial alteration of the original structure. In the case of heritage c I
buildings, especially in developing countries, those traditional localized Q| [T The Vibrating Barrier was designed using a mass threaded through a guitar
solutions might become impractical. The present study focuses on the study of string (Figure 6) able to be tuned at a desired frequency. The mass and springs
the efficiency of the novel Vibrating Barriers (Cacciola and Tombari 2015) to QAR IRVIRHVIRRNLITRICNL NI 0ILER O EOCORIE 0RO TR0 RORORD ORCHRTR 1 VRIUROERER RN R TR AR R . were incased in an aluminum tube which was poured into the silicone rubber
improve the seismic resilience in urban areas. < > basin, the hole at point 2 in Figure 7 is the casing of one of the ViBa’s.
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Figure 2: Numerical model of the urban environment (after Kham et al 2006)
Aims: = A miniature piezoelectric accelerometer (lightweight 0.2gm ceramic shear ICP)
—. a)20 , . . . e, ® .
The research aims to numerically and experimentally evaluate the efficiency of 5 i along with the_ SCADAS LMS mobile acgwsmon system dewce. was used FO
the Vibrating Barriers a in the urban environment e A measure the time and frequency domains response characteristics (seen in
2 ¥ Figure 6).
Obijectives: p
 Numerical FE models for site-city-interaction study will be determined. :
 Reduced scaled physical models will be built to study experimentally the Frequency [Hi] Frequency 12
Site-City interactions - - -Realistic Point 2 ——Free-Field Point 2 ——Realistic Point 4 ---Free-Field Point 4
* ViBas will be designed and tested numerically and experimentally. o | d)” ;
Vibrating Barrier:

. . . . . . § s & Figure 6: ViBa being designed and tested outside of Figure 7: Experimental model, showing foam
Vlbratmg barriers have been developed at the Umve.rSIty Of. Brlghton throu.gh ‘ : tube casing to tune to a specific frequency. buildings glued to silicone surface and ViBa cavity
the EPRSC grant (EP/KO04867/1) led by Dr Cacciola. ViBas are massive : 2 hole at point 2.
strgctures hosted in the soil and tuned to redgce the V|brat|ons | of e e Experimental results:
neighbourhood structures through a structure-soil-structure interaction oo e As Fi 3 <h the ViB
mechanism (Fig 1) Figure 3: a) & b) Points 1 and 4 Realistic city compared to Free-field city taken from Semblat et al.,(2008). c) & d) Points S Flgure SNOWS e Viba 0.03

' 2 & 4 taken from our numerical analysis to compare with Semblat et al for further validation of models accuracy. device showed to pI’OdUCE d
Scaled model: clear reduction in the peak
structure - - - relative displacement at of a 3~
ViBa The model has been scaled geometrically 1:2500 and selecting materials (foam and e : -
/ silicone rubber) able to mimic the ratio of scaled velocity of shear waves (Figure 4). test b‘f'ld'ng when .the ViBa | foos
ViBa Specifically, silicone rubber for the soil basin and foam for the bedrock layer. was mtroduc.ed Into the =..
/ model, the ViBa is seen to
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4 : JI _ ": il : : | I , b L were achieved when the 2 Figure 8: Acceleration Frequency response function of building
Figure 1: Sketch of the Vibrating Barrier device in the built environment (after Cacciola and Tombari 2015) S ) ViBas were introduced into the 3501. showing a .reduction in the peak acceleration when the ViBa
o was introduced into the model.

Figure 4: Numerical model to the left and experimental model to the right. also been observed in other
Cacciola, P.,, Tombari, A. (2015). Vibrating barrier: a novel device for the passive | : buildings.
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