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1. Introduction

In order to reduce the seismic demand and enhancement the ductility capacity, vertical link beams as a
ductile element are used in eccentrically braced frames. During the earthquake, vertical link beams dissipate
the energy by forming nonlinear deformations in their plastic region while the other members remain in the
elastic range. In EGS, the percentages of carbon and other alloys are very low. EGS has high ductility. The most
ductile kind of easy-going steel has a nominal yielding stress between 90-110 MPa and its Young’s modulus is
equal to that of normal steel. In Fig. 1, the stress-strain curve of this steel is compared to that of normal steel. If
the vertical link beam is made of EGS, which yields at smaller stress compared to the normal steel, its
performance and energy absorption will improve as shown in Fig. 2.
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— — Easy-Going Steel (EGS) “
—— Normal Steel (ST37)
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Fig. 1. Stress-strain curve of normal steel and EGS Fig. 2. Force-shear displacement curve for members
(Sabouri-Ghomi S, Ziaei M, 2008) made of normal steel and EGS (Sabouri-Ghomi S,

Ebadi P, 2008)

In this paper, the effect of vertical link beams made of EGS was examined and compared with the same frame
including normal steel in order to improve the seismic behavior of eccentrically braced frames. It is expected
that ductility, stiffness, and response modification factor of the structures improve significantly by using EGS
in vertical link beam and reducing the link length and the number of stories.
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To achieve this purpose, the frames with vertical link beams were selected and designed by seismic code
provisions. The samples were modeled in lengths of 25, 50 and 100cm with EGS and with normal steel in 1, 4,
8 and 12 story frames. The heights of all stories equal to 3m and the bays are 5m in width. The effect of EGS
and link beam length variation on the structures were determined by using Open Sees software. The defined
members in a sample frame with one bay and one story are shown in Fig. 3. The samples were analyzed under
nonlinear static analysis (pushover) and finally the stiffness, ductility, strength and response modification
factor were determined in different states. In Fig. 4. the pushover diagram of supposed frame and the effective
parameters are shown to determine the stiffness, ductility, and strength.
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Fig. 3. Members in a sample frame with 1bay-1story Fig. 4. General structure response

Uang and Marrouf (1994), proposed the Eq. 1 for determination of response modification factor:

R =Ry R, (1)

3. Results and discussion
3.1. 3.1. Stiffness Capacity

By increasing the number of stories and the vertical link beam length, the stiffness is reduced. Also on the
higher stories, the stiffness of the frames has slightly difference with each other. By using EGS on the vertical
link beams, the stiffness of the frames will be increased 23.33% on average compared to the same frame with
normal steel (Fig. 5).
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Fig. 5. The effective stiffness with various link beam length by using EGS

3.2. Ductility Capacity

The results indicate the influence of using EGS upon the ductility of the middle and short frames is high. By
using EGS on the vertical link beams, the ductility of the frames will be increased 16.73% on average compared
to the same frame with normal steel (Fig. 6).
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Fig. 6. The ductility capacity with various link beam length by using EGS

3.3. Strength

According to the conversion criterion of the normal steel section to EGS one, (it is supposed an equal lateral
load-bearing capacity); so the strength is almost equal in both cases and this result concedes the prime design
assumption. Fig. 7. shows the elastic strength in the 25cm link by using normal steel and EGS.
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Fig. 7. The elastic strength with 25cm link beam

3.4. Response Modification Fac(Farivar et al, 2010).tor

The response modification factor decreases by increasing of link beam length. But when EGS is used in the
vertical link beam, this reduction effect is lower compared to the same one with normal steel.

4. Conclusions

The presence of EGS in the vertical link beams instead of NS, leads to increase of the stiffness and ductility
23.33% and 16.73% in average respectively. Also by using of EGS, the response modification factor will be
increased about 14.17%. It is suggested the response modification factor of 8.5 for the eccentrically braced
frames with EGS vertical link beams and 7.5 for the NS one. Thus the seismic performance of these frames will
be improved significantly if the vertical link beam was used shorter.
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