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With the prevalence of the concept of damage avoidance design, rocking walls were one of the primary solutions to
minimize structural components’ damage as well as decreasing the time and cost of building rehabilitation after severe
earthquakes. In this study, in order to achieve a self-centring damage avoidance rocking system, a new generation of
Rotational Resilient Slip Friction Joint (Rotational-RSFJ) has been employed as a shear link between reinforced concrete
shear walls and their boundary columns.

Figure 1. (a) hysteresis behaviour of RSFJ ;(b) R-RSF joint component; (c) middle plate; (d) cap plate; (e) conical disk spring; (f) high strength bolt;
(g) simplified analytical model.

This type of friction damper dissipates energy through the rotational sliding of grooved surfaces pre-stressed using
disc springs, which can also provide the required self-centering to restore the building to its original position without
residual drifts. In this paper, initially the joint component has been analytically and numerically investigated, and then the
results have been used to develop an analytical model for the performance prediction of the proposed rocking shear walls
as a new lateral load resisting system. Such new self-centring system not only does not require post-event maintenance,
but also attenuates the complexity of analyzing and implementing of conventional resilient rocking walls using posttensioning tendons.
Eventually, a five-story prototype building using the proposed lateral load resisting system comprising of single and
coupled rocking walls has been numerically analyzed. Besides, the effectiveness of such a concept has been investigated
for rocking systems with multiple ductile joints in different stories. The results demonstrated the efficiency of the
proposed system that is mainly attributed to high ductility, self-centring and the ability to dissipate energy of RotationalRSFJs.
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Single wall

Figure 2. Schematic of single wall system.

Coupled wall

Figure 3. Plan view of prototype building.

REFERENCES
Aslam, M. (1978). Earthquake Rocking Response of Rigid Bodies.
Chanchi, J. MacRae, G.A., Clifton, G.C., and Chase, G. (2010). Quantifying seismic sustainability of steel framed
structures. Proceedings of the Steel Structures Workshop.
Darani, F.M., Zarnani, P., Haemmerle, E., Hashemi, A., and Quenneville, P. (2018). Application of new resilient slip
friction joint for seismic damage avoidance design of rocking concrete shear walls. New Zealand Society for Earthquake
Engineering (NZSEE) Conference.
Hashemi, A., Darani, F., Yousef-Beik, S., Abadi, H., Zarmani, P., and Quenneville, P. (2018). Recent Developmements of
the Resilient Slip Friction Joint (RSFJ) Technology for Seismic Proofing New and Existing Buildings.
Hashemi, A., Zarmani, P., Masoudnia, R., and Quenneville, P. (2017). Seismic resistant rocking coupled walls with
innovative Resilient Slip Friction (RSF) joints. 129, 215-226.
Housner, G.W. (1963). The behavior of inverted pendulum structures during earthquakes. Bulletin of the Seismological
Society of America , 53(2), 403-417.
Mualla, I. and Belev, B. (2002). Performance of steel frames with a new friction damper device under earthquake
excitation. Engineering Structures, 24(3), 365-371.
Nicknam, A. (2015). Seismic Analysis and Design of Buildings Equipped with Propped Rocking Wall Systems. State
University of New York at Buffalo.
Priestley, M. (1995). Myths and Fallacies in Earthquake Engineering--Conflicts Between Design and Reality. 157, 231254.
Priestley, M., Sritharan, S. Conley, J.R., and Pampanin, S. (1999). Preliminary results and conclusions from the PRESSS
five-story precast concrete test building. 44(6), 42-67.
Priestley, M. (1991). Overview of PRESSS research program. 36(4), 50-57.
Wiebe, L., Christopoulos, C., Tremblay, R., and Leclerc, M. (2013). Mechanisms to limit higher mode effects in a
controlled rocking steel frame. 2: Large-amplitude shake table testing. 42(7), 1069-1086.
Zarnani, P. and Quenneville, P. (2015). A resilient slip friction joint, Patent No. WO2016185432A1, NZ IP. Office.

International Institute of Earthquake Engineering and Seismology (IIEES)

