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ABSTRACT: The performance-based design method has received the attention of researchers and
engineers in recent two decades. In this regard, different methods have been proposed by the codes
to design and assess the performance of structures. The main purpose of this study is the evaluation
of the Iranian seismic code’s efficiency. For this research, three 1, 5, and 10-storey buildings having
moderate concrete moment frames are designed based on the criteria of the Iranian code. Then, the
seismic performance of these structures is evaluated according to the yield point spectrum (YPS), ATC-
40, and Iranian seismic rehabilitation instructions method through nonlinear static analysis. There are
two different approaches in the YPS method which include evaluating the performance point location
relative to the performance boundary and comparing the response modification factor demand with the
one used for design. However, ATC-40 and Iranian seismic rehabilitation instructions methods evaluate
the structure’s response at the performance point and target displacement, respectively. Results showed
that the studied structures satisfy life safety performance levels according to the YPS and Iranian seismic
rehabilitation instruction methods, while the 10-storey building satisfies the immediate occupancy
performance level based on the ATC-40 criteria. Moreover, in the case of the examined structures,
the Iranian seismic rehabilitation instructions are more strict than the other methods and the buildings
designed based on the Iranian codes are evaluated as seismically safer based on ATC-40 and YPS in
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comparison with the Iranian seismic rehabilitation instructions.

1. INTRODUCTION

The performance-based design methodology has
been suggested in recent years for seismic evaluation
and rehabilitation of existing buildings. Some of the
main reference documents to be noted in this context are
Instructions for seismic rehabilitation of existing buildings,
ASCE 41-17, and ATC-40 [1, 2]. A different method
for seismic evaluation of existing buildings is a spectral
method of calculating seismic demands for seismic design
of structures or retrofit of existing structures that are called
the yield point spectrum (YPS). Since exact determining the
collapse point is very difficult, the YPS method unlike the
existing procedures resorts to the yield displacement. This
is the main advantage of YPS. In this method, the nonlinear
response of an equivalent SDOF (single degree of freedom)
system is calculated. The YPS method was presented in
2000 by Aschheim with developing a new form of inelastic
response spectra for seismic design or evaluation of buildings
using the yield point [3]. Then Aschheim and Black extended
the YPS approach to estimating the target displacement for
use in nonlinear static methods of FEMA-273 [4] and ATC-
40 [5]. Aschheim and Montez studied P-A effects on the

*Corresponding author’s email: farhad@cc.iut.ac.ir

estimation of the yield displacement of tall buildings using
the YPS spectrum and showed that this method may increase
the accuracy of performance-based design of such buildings
[6]. Irani and Naji assessed the P-A effects in steel structures
with a similar approach for examining the lateral resistance
of structures with a constant-ductility demand [7]. Tjhin and
Aschheim used the yield spectrum in the design of concrete
buildings with shear walls [8]. In this paper, the accuracy of
the YPS method is evaluated in comparison to the existing
code-based methodologies mentioned above.

2. DESCRIPTION OF THE METHOD

Three moment resisting reinforced concrete frame
buildings having 1, 5, and 10 stories are considered for the
current study. These buildings were designed based on the
Iranian seismic design code (i.e., standard 2800). The seismic
performance of the buildings was evaluated based on three
different methods: YPS, ATC-40, and the Iranian seismic
rehabilitation manual (ISRM). In the YPS method, evaluation
of buildings was carried out through two alternatives:

1. Direct use of YPS curves.

2. Calculation of the response modification factor of each
structure and comparing these values with the standard 2800
ones.
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Table 1. Comparing response modification factors of the Table 2. The evaluation results based on ATC-40

buildings
No. of Performance OV‘*.”‘“ Performance
. . Drift
Stories Point . Level
No. of Performance Ratio
Stories w Rs ¥V R=RR.Y Level | S, =04359 1.09% LS
1 15 26 1.0 3.9 LS Sy =3.2Tcm
S, =0.177¢g
5 28 1.8 1.0 4.9 LS 5 117% LS
10 26 18 1.0 47 LS Sy =17.6cm
10 Sa=0.14% 0.97% 10
S, =29.06cm o

Table 3. The evaluation results based on the Iranian Seismic
Rehabilitation Manual

No. of 0, Overall Drift Performance
Stories (cm) Ratio Level

1 3.1 1.03% LS

5 24.5 1.63% LS

10 49.1 1.63% LS

In the first alternative, the equivalent yield point and its
associated lateral capacity required for the buildings were
determined and compared to the existing capacities using
the nonlinear static analysis (NSA). In the second approach,
values of the modification factor (R) were calculated for
structures. The resulting R should not be more than that the
values presented in standard 2800 for the initial design of
the building, otherwise the lateral resistance of the building
should be increased.

3. RESULTS AND DISCUSSION

The results of calculating response modification factors of
the buildings are presented in Table 1. According to the YPS
method, the calculated modification factors are smaller than
the design value 5, and therefore all three structures designed
based on standard 2800 satisfy the life safety performance
level.

The results of evaluating the buildings’ performance level
based on the ATC-40 and ISRM methods are summarized
in Tables 2 and 3, respectively. By calculating the capacity
spectra based on ATC-40 and determining the target
displacements using ISRM, the performance level of each
frame was attained using again the NSA. The results showed
that the structures under study are evaluated as seismically
safer based on ATC-40 and YPS and less safe based on the
ISRM.

4. CONCLUSION

Seismic performance levels of three different moment
resisting reinforced concrete frame buildings designed based
on the Iranian seismic design code (i.e., standard 2800) were
evaluated using the YPS, ATC-40, and ISRM methods. In
ATC-40, the performance point is at the intersection of the
capacity and demand spectra while in the YPS method yield
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point of structures shall be provided. The performance point
in the ISRM was determined by a prescribed formula called
the displacement coefficient method. According to YPS, all
of the frames analyzed were at the life safety performance
level. The results showed that the structures under study are
evaluated as seismically safer based on ATC-40 and YPS and
less safe based on the ISRM.
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Table 1. Values of a and b in Eq. (8).

b a  (00)d) pubd 1 e el o
042 1.0 0
0.37 1.0 2
0.29 0.8 10

FAse sslaibenl 3ub YPS Soxin polio Y Jous
Table 2. YPS curves values based on Standard 2800.

T oy & R B G 4 G 4 G 4
e “T =) (=) (=8 (=2) (u=2) (=4)  (u=4)  (u=8) (u=8)
0.2 0.88 1.685 2474 3.478 0.522 0.440 0.355 0.220 0.253 0.110
0.3 0.88 1.809 2.967 4.686 0.486 0.985 0.296 0.492 0.187 0.246
04 0.88 1.887 3.340 5.752 0.466 1.750 0.263 0.875 0.152 0.437
0.5 0.76 1.937 3.617 6.636 0.392 2.360 0.210 1.180 0.114 0.590
0.6 0.67 1.971 3.820 7.341 0.339 3.000 0.175 1.500 0.091 0.750
0.7 0.61 1.995 3.970 7.888 0.305 3.175 0.153 1.857 0.077 0.928
0.8 0.55 2.011 4.079 8.306 0.273 4.375 0.134 2.187 0.066 1.093
09 0.51 2.023 4.160 8.622 0.252 5.130 0.122 2.565 0.059 1.282
1.0 0.48 2.032 4218 8.858 0.236 5.965 0.113 2.982 0.054 1.491
1.1 0.45 2.038 4.261 9.033 0.220 6.765 0.105 3.382 0.049 1.691
1.2 0.42 2.042 4.292 9.162 0.205 7.525 0.097 3.762 0.045 1.881
1.4 0.38 2.047 4.330 9.320 0.185 9.235 0.087 4.617 0.040 2.308
1.6 0.35 2.049 4.347 9.393 0.170 11.105 0.080 5.552 0.037 2.776
1.8 0.33 2.050 4.353 9416 0.160 13.275 0.075 6.637 0.035 3.318
2.0 0.3 2.050 4351 9.409 0.140 14910 0.068 7.455 0.031 3.727
2.2 0.28 2.049 4.346 9.386 0.136 16.890 0.064 8.445 0.029 4.222
2.4 0.27 2.048 4.338 9.352 0.131 19.275 0.062 9.637 0.028 4.818
2.6 0.26 2.047 4.329 9.314 0.126 21.755 0.060 10.877 0.027 5.438
2.8 0.24 2.046 4.319 9.273 0.117 23440 0.055 11.720 0.025 5.860
3.0 0.23 2.044 4.309 9.232 0.112 25.800 0.053 12900 0.024 6.450
3.5 0.21 2.041 4.285 9.132 0.102 32.115 0.049 16.057 0.022 8.028
4.0 0.19 2.038 4.263 9.041 0.093 37.770 0.044 18.885 0.021 9.442
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Fig. 2. YPS curves based on Standard 2800.
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Table 2. YPS curves values based on Standard 2800.
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Table 3. Specifications of the 1-story building members.
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Table 4. Specifications of the 5-story building members.
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Table 5. Specifications of the 10-story building members.
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Fig. 4. Push-over curves of the buildings under study.
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Fig. 5. Schematic representation of the YPS and bi-linear curves.
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Fig. 6. YPS spectra, performance limit and performance point of the 1-story building.
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Fig. 7. YPS spectra, performance limit and performance point of the 5-story building.
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Fig. 8. YPS spectra, performance limit and performance point of the 10-story building.
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Table 6. Buildings evaluation by YPS method through using YPS curves.

olib sluxi 4, (cm)
1 3.20
5 8.14
10 15.85
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Table 7. Calculating and comparing the response modification factors of the buildings.

Slbolsi G(g) 4(cm) A(cm) p=A/4, R Rs Y ReRRY 3,Skes ghu
1 0.490 3.20 6.08 1.9 1.5 26 1.0 39 LS
5 0.147 8.14 24.80 2.8 28 1.8 1.0 4.9 LS
10 0.112 15.85 41.66 2.6 26 18 1.0 4.7 LS
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Fig. 9. Determining the performance point of the 1-story building based on ATC-40 method.
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Fig. 10. Determining the performance point of the 1-story building based on ATC-40 method.
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Fig. 11. Determining the performance point of the 1-story building based on ATC-40 method.
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Table 8. Allowable relative displacement ratios in ATC-40.
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Table 9. Seismic evaluation results of the buildings based on ATC-40
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Table 10. The damage of building members in different performance levels.
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Table 11. Seismic evaluation results of the buildings based on the Iranian Seismic Rehabilitation Manual.
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Table 12. Allowable plastic hinge rotation in radians.
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Table 13. Maximum plastic hinge rotations and performance level of the beams of the 1-story building.
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Table 14. Maximum plastic hinge rotations and performance level of the columns of the 1-story building.
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Table 15. Maximum plastic hinge rotations and performance level of the beams of the S-story building.

a0 ylads ATC-40 o Shos abas yo o717 Sr8las a0

Y

Jolio i > 0.011 0.016
o Slos o LS LS

, Jolie i3 2 0.012 0.017
o Slos o LS LS

X Jolin i3 0.0098 0.014
o Slos o 10 LS

. Jolio i > 0.0009 0.0017
o Slos o 10 10
5 Jolas i3z 0 0
o Slos o 10 10
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Table 16. Maximum plastic hinge rotations and performance level of the columns of the 5-story building.
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o Slas zhaw 10 10
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o, 8es o 10 10

4 Joloo iz > 0.0045 0.005
o Slas mhaw 10 10

5 Jolie (25 2 0 0
o Slas zlaw 10 10
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Table 17. Maximum plastic hinge rotations and performance level of the beams of the 10-story building.
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o Slos o 10 LS
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3 Sheos s 10 LS
5 Jolio 25 > 0.0058 0.015
5,Skae o 10 LS
6 Jolas 15 > 0.0041 0.011
o Slos o 10 LS
; Jolie 55z 0 0
3 Slos s 10 10
g Jolie 55z 0 0
5,Skae o 10 10
9 Jolas 255z 0 0
o Slos o 10 10
10 Jolie 155z 0 0
3 ,Slos s 10 10
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Table 18. Maximum plastic hinge rotations and performance level of the columns of the 10-story building.
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8,Sdoe o 10 10

9 ol 252 0 0
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