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ABSTRACT: Building collapse is a level of the structure performance in which the amount of financial
and life loss is maximized, so this event could be the worst incident in the construction. In this study, the
collapse of low and mid-rise Regular special steel moment frames with 3, 6, and 9 story were designed
by ETABS according to code guidelines and then the collapse of mentioned frames has been evaluated
by nonlinear static pushover and incremental dynamic (IDA) analyses with SeismoStruct. The nonlinear
static pushover analyses with three lateral load patterns were used to determine the likely location of the
plastic hinges at the moment of probable failure mechanism for the mentioned frames and the nonlinear
incremental dynamic analyses were used to assess the seismic intensities corresponding to form each
failure mechanisms. Thus, the intensity of earthquake and the values of drift corresponding to the failure
of studied frames were calculated. To perform nonlinear dynamic analyses, 10 far-fault records were
used. The results of this study showed that the collapse of studied frames occurs under the far-fault
records in different drifts and seismic intensities and the value of relative drift equivalent to the collapse
limit varies from 2 to 5 percentage and It was also found that the collapse capacity of 3 and 6-story
frames is 3.3 g and 3.4 g respectively in the uniform lateral load method and in 9-story frame, the
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collapse capacity of the first mode and linear lateral load methods is more and equals to 2.5 g.

1. INTRODUCTION

For many years, the collapse of moment frame structures
against seismic loads has been estimated based on the ductility
demand and drift response of the stories [1]. Fereshtehnejad
et al. [2] presented a novel, robust theoretical approach
based on plasticity theory of structures. In this method,
the nonlinear pushover static analysis is used to predict the
probable mechanism of structural failure and the nonlinear
incremental dynamic analysis (IDA) is used to determine
the seismic intensity corresponding to the formation of
predetermined failure mechanisms. In the mentioned study,
by performing numerous numerical analyses and considering
the uncertainties in modelling parameters and capacity
of structural components, it is concluded that the failure
mechanism of structures is mainly a function of structural
characteristicsand thelocation of plastic hinges under different
seismic loads. The results of static and dynamic analyses have
been shown that the both mechanism are similar. But, the
process and order of formation the plastic hinges varies under
different records. Finally the ultimate mechanisms of collapse
under different earthquake records are consistent with the
prediction of the nonlinear pushover static analysis. Nazri
and Ken [3] investigated the performance of steel moment
frames using the nonlinear static and dynamic analyses. In
order to investigate the dynamic behavior of 2 dimensional
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frames with 3, 6 and 9-story, 14 near and far-fault ground
motion records have been used. The results show that far-fault
records have caused more damage than near-fault records and
the performance levels have been determined using nonlinear
pushover static analyses. In this study, as a novelty, the damage
intensity like peak ground acceleration (PGA) and drift related
to collapse limit like Maximum Interstory Drift Ratio (MIDR)
have been investigated and compared in order to determine
the collapse behavior of steel moment frames with special
ductility under the effect of far-fault records based on plastic
hinges development according to lateral loading patterns
using the nonlinear static and dynamic analyses. In addition,
this methodology has been proposed by Fereshtehnejad et al.
already, which is based on the method of plasticity theory.

2. METHODOLOGY

In this study, steel moment frames 3, 6 and 9-story with
regular configuration and special ductility are designed in two
dimensional. The application of these structures is residential
in accordance with the fourth edition of seismic Iranian
standard 2800 [4] and soil type is III. Design acceleration
is due to very high relative hazard area (PGA = 0.35) for all
prototypes. dead and live loads of stories are considered 1750
kg/m and 1000 kg/m respectively and live load of roof is 750
kg/m. Frames are designed according to code guidelines (4,
5, 6] by ETABS software [7] and then nonlinear static and
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Table 1. The ratio of plastic hinges in columns to total plastic
hinges subjected to 3 lateral loading pattern

Pattern 3-story 6-story 9-stoxry
Mode 1 % 47.8 % 40.5 % 36.4
Linear % 47.8 % 39 % 37.3
Uniform % 40 % 40 % 37.5

Table 2. The average of PGA related to collapse limit of the studied

frames
Average of PGA (g}
Frames Pattern
Mode 1 Linear Uniform
3-story 0.93 0.93 1.02
6-story 1.01 1.02 1.44
9-story 1.6 1.6 1.64

Table 3. The average of MIDR related to collapse of limit the
studied frames

Average of MIDR (%)
Frames Pattern
Mode | Linear Uniform
3-story 3.35 3.35 3.47
6-story 4.12 4.13 5.39
9-story 5.33 531 641

dynamic analyses were performed under 10 far-fault ground
motion records based on FEMA P695 [8] by SeismoStruct
software [9].

3. RESULTS AND DISCUSSION

The nonlinear pushover static analyses for three steel
moment frames with special ductility are performed with
3 types of lateral loading patterns such as the first vibration
mode “Mode 17, linear and uniform patterns. The ratio of the
number of plastic hinges in the columns to the total number
of plastic hinges is formed at the moment of structural failure
is shown in Table 1. The results show that the average 40% of
the plastic hinges are formed in the columns and 60% in the
beams due to the strong column-weak beam principle in the
design of the studied frames.

In this study, we combine the results of nonlinear pushover
static analysis and incremental dynamic analysis (IDA) by
using plasticity theory in order to determine the point of
structural collapse and the corresponding PGA and MIDR
values. The collapse limit of the studied frames is presented
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Fig. 3. The fragility curves of 9-story frame

in Tables 2 and 3 under 10 far-fault ground motion records.
In this study, the fragility curves of different lateral

loading patterns (the first mode, linear, and uniform) of 3, 6

and 9-story frames are presented in Fig.s 1 to 3 based on PGA.

4. CONCLUSIONS

In this study, using the plasticity theory to evaluate the
collapse point of 3, 6 and 9-story steel moment frames with
special ductility and regular configuration based on the results
of nonlinear pushover static and nonlinear incremental
dynamic analyses (IDA) are discussed. The results of the
analyses are presented below:

- The nonlinear pushover static analyses performed under
3 lateral loading patterns (the first mode, linear and uniform).
The first mode and linear lateral loading patterns have similar
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results for 3 and 6-story frames. However, under the uniform
lateral loading pattern, the failure mechanism estimation is
not suiTable only under 3-story steel moment frame and the
damage intensity corresponding to the collapse limit for this
pattern is higher than other lateral loading patterns. But with
higher height and higher modal effects, the accuracy of the
uniform loading pattern has been increased and suiTable
results have been achieved for 9-story frame.

- The average collapse (MIDR) values for the studied
frames presented in the range of 3.35 to 5.33%. Since the
fourth edition of Iranian Standard 2800 restricted the
maximum interstory drift to 2 or 2.5%, it can be expected that
the sample frames will not collapse under the effects of the
earthquake. It is also proposed the threshold 5% adopted by
FEMA-356 for the collapse limit, which appears to be non-
conservative for low-rise frames.

- Based on the fragility curves, it is found that the uniform
lateral loading pattern showed a higher collapse capacity than
the other patterns in 3 and 6-story frames, but in 9-story frame,
the linear and first mode lateral loading patterns presented
more collapse capacity than uniform loading pattern.
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Table 3. The ratio of plastic hinges in columns to total plastic hinges subjected to 3 lateral loading pattern
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Fig. 17. The PGA related to collapse limit of 3-story frame

mR1 3.5 mR1
— mR2 3 —— HR2
- =R3 25 — ®mR3
—_ ~  mR4 —_
5';5:' — _ ®mRS 2 2 [ R4
s e 3 15 . WA
— WR7 e HR6
— "Rg 14 ~ mR7
— ©=R9 0.5 — RS
R10 0 - R9
Mode 1 Linear Uniform . .
Lateral Load Pattern Mode 1 Linear Uniform R10
Lateral Load Pattern
a7 OB (3 59,8 9> b blse (MIDR) .Y s Al § OB o3 y9,8 0o b bl (PGA) JA JSi

Fig. 21. The MIDR related to collapse limit of 6-story frame Fig. 18. The PGA related to collapse limit of 6-story frame

99 mR1 53 ER1
9 5
s.g mR2 4.5 mR2
75 =R3 4 — ®mR3
Q_ﬁ.é E = R4 = 3.5 — HR4
= e g3 LS
2431 .~ mRre Q 3 mR6
32 1 ~ HR7 15 mR7
25 — mR8 1 R8
(1).2 ; R9 0.5 R9
2 R10 0 R10
Mode 1 liraar Uniform Model Linear Uniform
Lateral Load Pattern Lateral Load Pattern
ab Ol 9,8 0 b bl (MIDR) .Yy JS a4 Ol 49,8 as b bl (PGA) A4 JS%
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Fig. 23. The fragility curves of 3-story frame
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Table 6. The maximum PGA of studied frames subjected to studied records based on different lateral loading patterns in the
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