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1. Introduction

Friction dampers are one of the most widely used types of energy absorbing devices to control vibrations and to
reduce the structural responses subjected to dynamic loads. The most important parameter of the design of these
devices is slip load of the damper. The proper selection of this parameter has an important effect on the seismic
behavior of the structures equipped with friction dampers. Several different methods have been proposed in the
literature to determine the slip load [1-3]. Among them, the best known is based upon the development of design
slip-load spectra [1, 4]. In this paper, a new method for the selection of the slip load of the dampers in different
stories of the moment resisting building frames is proposed so that a uniform height-wise distribution of ductility
demand is achieved. Results of the proposed method are compared with the usual design method using design slip-
load spectra.

2. Methodology
2.1. Modeling and assumptions

In this study, three frame models including 3, 5, and 10-story steel moment resisting building frames equipped
with friction dampers on top of chevron braces were considered for nonlinear dynamic analyses. The height of
stories and the length of bays were assumed as 3 m and 5 m, respectively. After structural design of models, the total
slip load in all friction dampers of the structure is estimated according to the design slip-load spectra method. In this
procedure, the obtained slip load is then distributed uniformly to all stories. These uniform slip loads will be
changed in the proposed optimization procedure.

In the modeling of the frames, it was assumed that all structural elements including frame elements and bracings
remained elastic and behaved linearly except damper devices.The nonlinear behavior of the damper devices was
modeled with a bi-linear elasto-plastic shear spring. Nonlinear time-history analyses were applied to models under
three different earthquake ground motions. The computer program SAP2000 [5] was used for this purpose.

2.2. Proposed optimization procedure

In the proposed approach, the structure designed with an initial slip load is excited by the given earthquake
ground motion and the ductility demand for each story is calculated and compared with the specified target value.
Subsequently, the slip load of friction dampers is scaled (by either increasing or decreasing) until the ductility
demand of all stories reaches the target value. The coefficient of variation (CoV) of ductility demand distribution
along the building height is computed and the procedure continues until CoV becomes small enough, and a state of
rather uniform height-wise distribution of ductility demand prevails.

* Corresponding Author
E-mail addresses: s_bagheri@tabrizu.ac.ir (Saman Bagheri), a_hadidi@tabrizu.ac.ir (Ali Hadidi), n_bastami@yahoo.com (Nasrin
Bastami).
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3. Results and conclusions

In all models, the coefficient of variation (CoV) of ductility demand distribution along the building height in the
initial design according to the design slip-load spectra method is large, indicating that the distribution of story
ductility demands are not uniform; however after the optimization procedure the CoV becomes small enough and a
state of rather uniform height-wise distribution of ductility demand prevails. Height-wise distribution of ductility
demand and slip load for 3, 5 and 10-story frames under Cape Mendocino earthquake with target ductility of 6 are
shown in Fig. 1. To study the effect of the target ductility on the optimum distribution of the slip load, the proposed
method was applied to all models with different values of target ductility. Fig. 2 shows the average results obtained
from three selected earthquake ground motions for different target ductility demands of 4, 6 and 8. As seen in this
figure, the slip load of dampers decreases with increasing target ductility.

In addition, using the proposed method for 3, 5 and 10-story moment resisting building frames equipped with
friction dampers, it was demonstrated that damper’s hysteretic behavior is improved and all the dampers participate
in the earthquake input energy dissipation. Furthermore, a great decrease in damage index occurred after using the
proposed procedure to prevail a state of rather uniform height-wise distribution of ductility demand in the structure.
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