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ABSTRACT: Conventional column bases are fundamental components of the steel frame. Their
behavior has been proved to have a significant effect on the overall building seismic response. Base
connections, flexibility largely affect the period of the building and the lateral displacement of the
stories. In this research, a new type of connection at the steel column bases has been proposed. the main
purpose of proposing this connection is to decrease residual displacement and minimize repair time and
disruption of the building serviceability after a strong earthquake. Therefore, to be able to evaluate and
compare the seismic performance of this connection with seismic lateral force resisting systems which
have developed recently, a self-centering concentrically braced frame (SC-CBF) has been selected from
Hasan’s research and analyzed and validated. Also, the performance of the system with the proposed
column base is evaluated using numerical analysis. The results show that in the proposed system, the
amount of residual drift in the structure is equal to 2.2x10-14%. Therefore, it can be concluded that the
proposed connection satisfies the main purpose of the research well, which is to eliminate residual drifts
in the system. they also have higher energy dissipation and stiftness than the SC-CBF system that has
been developed so far. While the post-tensioned bars are not used.
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1- Introduction

The results of the recent large earthquakes have shown
that the column bases have tolerated significant damages and
ruptures due to lateral loads [1]. Therefore, in recent years,
researchers have discussed self-centering in structures, in
order to minimize the damage at the column bases. Self-
centering systems, as systems resistant to lateral load in
concrete, steel, and even wooden buildings, have significant
advantages over conventional structures due to their high
capacity to resist lateral loads and the amount of permanent
deformation that is almost zero [2-6]. However, due to the
uneconomical of the SC-CBF system in our country, in this
research, to develop and improve the seismic performance of
column bases in steel structures, an innovative connection at
the column bases has been presented.

2- Methodology

In this research, to provide the possibility of evaluating
and comparing the seismic behavior of this connection with
the recently developed lateral load-resisting resistant systems,
first a SC-CBF system from Hassan’s research was selected
and analyzed, and validated. Numerical simulations are
performed using OpenSEES software. After that, the results
obtained from the numerical analysis of the SC-CBF system
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are compared with the results obtained from the numerical
analysis of the proposed column base to improve or not
improve the seismic performance of this column base.

3- Results

The results obtained from the validations in this research
are shown in Figures 1 and 2.

Also, the results of the evaluation and analysis of the
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Fig. 1. Comparison and validation of pushover analysis
results of SC-CBF system
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Fig. 2. Comparison and validation of cyclic analysis re-
sults of SC-CBF system
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Fig. 3. Comparing the hysteresis behavior of SC-CBF
system in Hasan’s research and the current research
and the proposed column bases

proposed column base in this research are compared with the
validation results and are presented in Figure 3.

In addition, in order to obtain appropriate dimensions for
the wires used in the proposed connection, the trial and error
method was used and appropriate dimensions were obtained
for them. Figures 4 and 5 show the results of the investigation
and comparison of different dimensions for these wires.

4- conclusion

Hysteresis evaluation of the proposed connection at
the column bases shows that in the presented system, the
permanent drift in the structure is equal to 2.2 x 10-14%.
Therefore, it can be concluded, that the proposed connection
satisfies the main aim of the research, which is to eliminate
permanent displacements in the system.

Investigations show that, in addition to the system with the
proposed connection at the column bases, it has the ability to
self-centering, it also has more energy dissipation and stiffness
than the SC-CBF systems that have been developed so far.
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Fig. 4. Comparing the hysteresis behavior of the frame
in the case of decreasing the diameter of the wires
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Fig. 5. Comparing the hysteresis behavior of the frame
in the case of increasing the diameter of the wires

The evaluation of the dimensions of the wires used in
the proposed connection shows that by increasing the cross-
sectional area of the wires, although the energy dissipation
and the stiffness of the system increase, but the system loses
self-centering performance, and permanent displacements are
observed.

When the cross-section of the wires is reduced, the energy
dissipation and the stiffness of the system is reduced, but The
system still maintains self-centering performance.

The results show that according to the trial and error in
selecting the dimensions, the dimensions considered for the
triangular plate and the diameter of the wires are the best
possible.
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Table 3. Summary of gravity loads on adjacent gravity
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Table 2. Seismic masses in typical SC-CBF system

Y/\§ )
YN Y Y
YN Y Y
VIVY ¥




VOYY B ADYY doio VFY Jlo VY o)l DF 095 ¢3S ool (o (subie 4yl

G S el Cands OB gl 590 5 A5 ploul o ygie (sl 3 )b yS

3o U5 Sl bl oo 5 4 5o b

59 g (Sl Julos =Y =Y
2 Y 3o 4ol e e G B gl gy (St oo
(o 2ol (e cpl il oad plonil il (ilwdnnd w59
Al s (bl o 3 &S 00 iy B pulud (g0 s 51 5148
@ oo ) osel Cants ol Asb e wmd o Fy AV/OL 7Y sgas
Sl pl (o (bl 2oyd Jlie 3 S555ly S lalges &9
odol Cawds Yloged B 1B, uoyd ol jglaies (puw .l
Cnl el 03,8 dunlio [W]ples gl @l b gl (g Jibo ]
s 3oy (Sl bajloge0 duwlio .l oads 00> L ¥ S )0 guls
005 SIS AWV (g ol 3 s o> il o o5l )18 (i (onlie

oyt (Sl Jdog =YY =¥
pLsl s (53] e Cad)b e polater ¢yl S5
s 698 @i s gl G (Sl Jlod e ol 0rd
68 g b (o) 1l e gl 290 JSib b it cols 05 Jlac]
i o) 5 e il 08 5 Al e ool ) o Ll
Jlosl 31 i 4g) il d ol &8 038 o Ly sl e b (6,138l
olis & JSi 5> gl 3y90 OB (e Gl @l 23,55k b
dd OB L8, gy g oo | luebl (gly uiomen sl ol 00l
3 ol Gy s (Bl do = 565 5ly S lage5 o (gl
A5 duwolie V] glus imgh 5l odel Conts @l b (ooae (gilo dud
t S Sl ] Sl 5 ) 3,8 IS sbio 35
5 USG b jlyged duglie a0 ol 263 3l gy Hldy ond (g5l

el 035 3910 70 55 duglio ol 5> as do s sl od o3l Lt

& JUai! glojlw Olo 3o Y
S b gt 5t > (558 0 bl b solnig Jlas! ¥ IS8
il oslatnl b «Swl colbus b (0Yed IS alio doas S a2 0
ol o Juato tdly ))8 0dgllls g5y p ST (G3Vd dio &y hgn>
2 edd b sl b et dw (S5 Hie das pl g9y p
@ bygiw b Jlasl pl jo Db 0 0l g o sk olsd
3 Roof Drift

[VY S g (595 32 (15 (S )L aoYs P Jun
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Table 5. Properties of the materials used in the simulation
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