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Fig. 1. The assumed frames in this study
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Fig. 2. Configuration of the considered frame [31]
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Description value
Width of columns C1 and C3 350mm
Height of columns C1 and C3 350mm
Width of columns C2 450mm
Height of columns C2 450mm
Reinforcement area of columns C1 and 942.5mm2
C3 on each face of column
Reinforcement area of columns C2 on 1570.8mm?2
each face of column
Width of beams 250mm
Height of beams 350mm
Lower reinforcement area for B1 at left 1256.6mm2
hand and for B2 at right hand (first and
second stories)
Upper reinforcement area for B1 at left 942.5mm2
hand and for B2 at right hand (first and
second stories)
Lower reinforcement area for B1 at right ~ 1256.6mm2
hand and for B2 at left hand (first and
second stories)
Upper reinforcement area for B1 at right ~ 1570.8mm?2
hand and for B2 at left hand (first and
second stories)
Lower reinforcement area for third story ~ 628.3mmz2
beams
Upper reinforcement area for third story 628.3mm2
beams

ay

Table. 1 Sectional properties of the frame
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Frame LD(@®) SD(H) NC(a)
3-story 3.9 3.6 2.9
6-story 6.9 9.5 6.8
9-story 18.26 11.8 14.6
12-story 14.3 14.2 13.3

Table 2. The average improvement in the performance
points (%)
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Frame Period Base shear Base shear
(confined) (unconfined)
3T1 0.17 214.96 210.57
3T2 0.17 193.43 184.89
3T3 0.15 186.79 182.33
3T4 0.15 260.61 254.21
6T1 0.32 333.28 304.40
6T2 0.33 262.58 235.70
6T3 0.31 292.86 268.11
6T4 0.32 245.64 222.32
6T5 0.30 215.52 208.62
6T6 0.29 216.50 189.89
6T7 0.35 264.56 233.52
6T8 0.32 241.15 219.24
6T9 0.30 211.50 187.12
9T1 0.45 699.46 588.07
9T2 0.47 552.08 469.49
9T3 0.44 624.36 558.09
9T4 0.44 492.25 448.44
9T5 0.43 605.39 498.72
9T6 0.42 436.69 357.45
9T7 0.50 515.88 428.48
9T8 0.54 490.33 346.73
9T9 0.45 444,90 402.19
12T1 0.57 823.57 661.71
1272 0.60 662.12 507.08
1273 0.57 740.74 697.57
12TS4 0.58 579.27 486.86
1275 0.60 632.69 517.40
1276 0.56 565.20 485.82
1277 0.65 613.79 497.90
1278 0.63 540.02 494.05
1279 0.60 520.51 484.13

Table 3. The comparison of base shears of frames
with/without considering the confinement effects
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Table 4. Irregularity indices of the assumed frames
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Abstract

Surrounding the central core of a concrete component by means of an internal or external factor such as transverse
reinforcements, carbon and polymer fibers and steel sheets causes confinement for the concrete. Confining generally
improves the strength and ductility of concrete components. As a result of boosting the local performance of elements,
the overall performance of structure is made progress. Recently, tending to build irregular structures has been
increasing. The presence of irregularity in the structure has always been one of the challenges faced by engineers. In
this investigation, the influence of confinement phenomenon on the seismic performance (damage level and behavior
factor) of the moment resisting reinforced concrete frames with vertical irregularity is assessed. To do so, 31 moment
resisting frames with vertical irregularity are categorized in four classes including 3-, 6-, 9- and 12-story and the roof
displacement-base shear curves of them are acquired using pushover analysis. The capacity curve of each frame is
achieved in two states including neglecting the confinement effect and considering it. The outcomes indicate that not
only can confining improve the seismic performance of structures but also it can decrease the imposed damage of
structures. In other words, comparing the capacity curves of each frame with/without confining effect shows that taking
the confinement effect leads to improving the secant stiffness and strength of the frame. Furthermore, due to
confinement effect, lateral load carrying capacities of the frames are boosted and the considered damage levels are
achieved in higher base shear and roof displacements in comparison with the state that confinement is not considered.
The observed values of damage levels indicate that the influence of confinement for higher frames is more significant
and the maximum base shears for the frames with the confining action is around 3-19% higher than those of the frames
without confinement effect. For 3-story frames, considering confinement effect leads to improving 3.9, 3.6 and 2.9% in
damage levels of DL, SD, and NC. For 6-story frames these values are 6.9, 9.5, and 6.8% respectively. Taking
confinement effect results in improving 18.25, 11.8, and 14.6% in damage levels of DL, SD, and NC and 14.3, 14.2,
and 13.3% improvement for 12-story frames. Comparing the behavior factors in the two states demonstrates that
considering confining effect improves the mean values of behavior factors around 10.4%. In addition, the observed
values of behavior factors show that the differences between the amounts of behavior factors (with/without confinement
effect) for the frames with more stories are higher. It is manifested that type of irregularity plays significant role on the
seismic behavior of the moment-resisting reinforced concrete frames. Comparing the analytical behavior factor
obtained in the current study with the prescribed value of behavior factor in Iranian seismic code shows that although
the proposed value of Iranian seismic code is conservative for low-rise frames, this value is not met for high-rise
frames.

Keywords. Confinement effect, damage, behavior factor, pushover analysis, vertical irregularity
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