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Fig. 2. Hysteretic diagram for a self-centering system [3]
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FEM theoretical parameter
4894.12 kN/mm __ 4539.20 kN/mm K,
62.13 kN/mm 58.91 kN/mm K,
42.57 kN/mm 39.39 kN/mm e
0.036 mm 0.041 mm A
3.02 mm 3.36 mm Aj
10.98 mm 11.20 mm min(A,, AY)

Table 3. Comparison of theoretical and FEM results
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accQ:er{ti on shear wave distanceto VO
(xqm/ss)  Velocity (mis)  station (km)
0.070 2775 292 1
0.097 338.6 39.1 >
0.159 196.9 17.9 3
0.136 345.4 26.8 4
0.082 345.4 18.3 5
0.108 2702 27.8 3
0.211 3165 22.8 7

Table 7. Properties of accelograms
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braces
beams columns ) cables story
IPE300 HE180A 12t20.0 6D11.17 6
IPE300 HE180A 20t20.0 6D 15.24 5
IPE360 HE240A 20t20.0 6 D 15.24 4
IPE360 HE240A 24t20.0 8D 15.24 3
IPE400 HE300A 24t20.0 8D 15.24 2
IPE400 HE300A 321t20.0 8 D 15.24 1

Table 4. Structural sections in numerical modelings (values in
mm)

3 Sla oo 5 diplgs 15 St 5 s albis (blia 0 Jgdr

(oo 1419)
internal element extenal element story
CROSS250*200*15 BOX700*250*8 5-6
CR0OSS250*250*20 BOX700*300*8 3-4
CROSS300*300*20 BOX700*350*8 1-2

Table 5. External and internal sections of the
brace in numerical modelings (values in mm)
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station earthquake No.
CHY025 ChiChi Taiwan 1
SAHOP Casa Flores Victoria Mexico 2
El Centro Array Imperial Valley 3
North Palm Springs Landers 4
Long Valley Dam Chalfant Valley 5
LA-Pico & Sentous Northridge 6
LAHollywood StorFF San Fernando 7

Table 6. Accelograms in numerical analysis
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Abstract:

Current design philosophy for conventional lateral resisting systems is that the frames should not
collapse during major earthquakes, however significant structural damage in elements such as beams, braces
and sometimes columns may occur. The presence of residual drift due to inelastic deformations may hinder
building occupancy or functionality after major earthquakes, and may increase associated repair costs
significantly. During last two decades, practicing engineers and researchers have tried to develop seismic
resisting systems that can minimize and potentially eliminate residual drift due to earthquakes. Proposed
structural systems utilize the so-called “self-centering” systems that can improve the seismic behavior,
provide higher resiliency and overcome the significant residual drift of conventional systems. Self-centering
(SC) seismic resistant systems, introduced in the literature are developed for both steel and concrete
structures. For the steel structures, they may be categorized into three primary groups: SC moment frames,
SC rocking systems and SC braced frames. The most important similarity between self-centering systems is
that the lateral load resistance of the system has a flag-shaped hysteretic loop. That is the characteristic of
systems that self-center after large lateral displacements.

Considering the normal practices of construction industry in Iran, it is more feasible and favorable to
use metal yielding dampers instead of viscous or friction dampers. Also considering the economic issues,
self-centering mechanisms which use pretension tendons are more feasible compared to shape memory
alloys. A yielding metallic damper called comb-teeth damper (CTD) provides energy dissipation mechanism.
CTD is made of steel plates and includes a number of teeth that dissipate energy through in-plane flexural
yielding. The new self centering brace (SCB) can substitute the conventional braces to provide desired
seismic performance and to reduce residual deformations and repair costs. The proposed brace can be easily
disassembled in the field which provides the possibility of inspection of the core after a large earthquake.
Parameters of this system should be selected so that they can provide appropriate stiffness, strength and
energy dissipating capacity.

In this paper, initially the overall mechanical behavior of the device has been defined in terms of its
internal components, based on an analytical approach. The mechanical equations for the SCB were
decomposed into two portions, which are the pretension tendons that cause the self-centering behavior and
the CTD links that support the energy dissipation mechanism. Also finite element analysis has been
conducted to verify the hysteretic responses and mechanics of the proposed SCB. Based on the results, the
characteristics of finite element responses have good similarity with the analytical results and show that
either of the approaches are reasonable to predict the SCB behavior. Then a parametric finite element
analysis has been conducted by varying the mechanical properties of steel elements to optimize the
properties of the system. The results show that the desired self centering and energy dissipating capacities
would be achieved using the new SCB. Lastly, nonlinear time history analyses have been performed to
investigate the characteristics of some 6 story steel buildings equipped with the new SCBs. The results
confirm the feasibility of using the new SCBs in braced frame structures.

Keywords: Self-centering system, Energy dissipating dampers, reducing residual deformations, Comb-teeth
damper.
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