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1. Introduction

Existing reinforced concrete (RC) frame buildings with non-ductile detailing represent a considerable
hazard during earthquakes. These types of buildings suffered severe damages and were responsible for most
of the loss of life during the major seismic events. Among seismic performance upgrading methods, several
options are normally available, and one of them is to employ energy dissipation devices (Aniello, 2007). Energy
input by a strong earthquake is expected to be greatly dissipated by these devices, (Ghobarah, 2001) and if they
are damaged, the rehabilitation is quite easy after the earthquake since these devices are designed to be
replaceable (Ramadan, 1995). In particular, this paper focuses on removable steel eccentric bracing systems
(EBs).

2. Methodology

Two RC frames designed according to a pre-1970 strength based code are selected for this study. The
frames, as shown in Fig. 1, are of heights five and fifteen stories to represent low- and high-rise buildings,
respectively. At first, both of the frames were tested for their strength against seismic loads. The result was that
the two frames needed rehabilitation. Then they were rehabilitated with vertical shear links based on FEMA
356. Afterwards, it has been tried to find "R" and their components before and after rehabilitation. The two
original frames rehabilitated with vertical links of different lengths. They were 25, 30 and 35 cm for 5 story
frame and 30, 35, 40, 45, 50, 55, 60, 65 cm for 15 story frame. Two models with X-brace constructed for
comparison too. The lengths of the links were chosen in a way that the links had shear behavior. Non-linear
dynamic analyses (time history) were conducted for the 5 and 15 story frames with different shear links. The
computer software was SAP2000 v14.2.2. Six earthquake records were applied to the studied frames as shown
in Table 1.

Table 1. Earthquake records properties

Record Site & time of Earthquake Ground Magnitude Dist PGA(g)
NO (km)

N1 Chi-Chi CHY010 EW, Taiwan, Sep 21, 1999 Hard site 7.6 25.39 0.227
N2 Imperial Valley, El Centro000,USA, October 15,1979 Alluvium 6.5 8.30 0.349
N3 Landers, Josuha Tree 000, USA, June 28,1992 Deep narrow soil 7.3 11.60 0.279
N4 Loma Prieta, Halls Valley, 000, USA, October 18, 1989 Deep narrow soil 6.9 31.60 0.134
N5 Northridge, Brentwood VA Hospital, 195, CA, USA, Jan 1994 Deep broad soil 6.7 16.30 0.187
N6 San Fernando, Pasadena, Cit Athenaeum, 000, USA, 1971 Deep broad soil 6.6 31.70 0.088
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Fig 1. Specifications of the reinforced concrete frames

3. Results and discussion

As shown in Table 2, R values were changed significantly. In fact, using the vertical shear link reduced base
shear, about 10%. It decreased columns shears in short and tall frames about 30% and 100% respectively.
Moreover, the length of the links did not affect these results. But increasing of the length of link reduced roof
acceleration and increased the moment of link beams. This system increased the axial force of the columns too.
It also lessened the moment of columns on the stories.

Table 2. Response modification factor components

Period Target Displacement M Rp Q R
Primary (5 Stories) 1.36 0.39 2.88 3.37 3.38 11.40
Rehabilitated (5stories) 0.59 0.10 10.24 6.34 1.23 7.85
Primary (15 Stories) 3.32 1.11 3.12 3.08 2.64 8.16
Rehabilitated (15stories) 1.8 0.46 5.14 5.52 1.39 7.69

4., Conclusions

In general, the usage of vertical shear link for rehabilitation of concrete stru ctures, in comparison to X-
bracing systems, not only improved their flexibility, but also reduced the internal stresses of the elements of
structures. Thus, the mentioned system upgrades the level of seismic behavior of structures considerably.
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