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Event Station Year Record Compo M, Epicentr PGV Tp
no. nent al (cm/s) (sec)
distance(km)
Tabas Tabas 1978 1084/01 T 7.4 54 107.6 5.96
Bam Bam 2003 3168/02 L 6.5 6 109.5 2.07
Bam Bam 2003 3168/02 T 6.5 6 62.5 1.90
Chalanchulan Chalanchulan 2006 4027/05 L 5.2 5 38.7 0.92
Chalanchulan Chalanchulan 2006 4027/05 T 5.2 5 26.0 0.90
Chalanchulan Chalanchulan 2006 4027/08 L 5.9 9 519 2.58
Chalanchulan Chalanchulan 2006 4027/08 T 5.9 9 413  1.11
Suza Tomban 2006 4147/13 T 5.7 28 22.6 0091
Musian Moosiyan 2008 4646 T 5.8 25 255 0.58
Bandar-¢ Tomban 2008 4686/03 L 6.0 9 384 0.99
khamir
Bandar-¢ Tomban 2008 4686/03 T 6.0 9 425 0.86
khamir
Tokhmdel Varzagan 2012 5579/01 L 6.1 35 492 2.04
Varzagan Chaykandi 2012 5631/53 L 4.8 11 28.1 031
Varzagan Sheykh Malu 2012 5715/13 L 53 10 433 097
Jushan Sirch 2017 7150 L 5.3 14 298 0.78
Firoozabad-  Hasan Keyf 2004 3333 L 6.4 48 41.6 043
Kajoor
(Baladeh)
Firoozabad-  Hasan Keyf 2004 3333 T 6.4 48 40.6  0.55
Kajoor
(Baladeh)

Table. 1. Proposed records for Iran near-field earthquakes.
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Fig 3. Amplification factor for spectral acceleration [21]
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Event Com Scale factor
ponent
DB MCE
E
Tabas T 2.76 4.140
Bam L 2.70 4.050
Bam T 2.75 4.125
Chalanchulan L 2.72 4.080
Chalanchulan T 2.70 4.050
Chalanchulan L 2.74 4.110
Chalanchulan T 2.74 4.110
Suza T 2.71 4.065
Musian T 2.71 4.065
Bandar-e khamir L 2.79 4.185
Bandar-e khamir T 2.75 4.125
Tokhmde L 2.73 4.095
Varzagan L 2.73 4.095
Varzagan L 2.76 4.140
Jushan L 2.72 4.080
firoozabad-kajoor L 2.71 4.065
(Baladeh)
firoozabad-kajoor T 2.72 4.080
(Baladeh)

Table 2. Scale factor based on the MCE and the DBE for 20-
story frame.
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Fig. 4. 3D model of the 9-story building.
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Label Section Label Section

1 BOX 150x150x10 15 BOX 450x450x30
2 BOX200x200x20 16 BOX 550x550x35

3 BOX230x230x20 17 PG-200x8-120x10

4 BOX 185x185x15 18 PG-300x8-150x10
5 BOX?210x210x20 19 PG-300x8-160x15

6 BOX220x220x20 20 PG-300x8-240x15

7 BOX250x250x20 21 PG-120x8-100x15

8 BOX 165x165x15 22 PG-300x8-200x15

9 BOX200x200x15 23 PG-330x8-240x15
10 BOX270x270x20 24 PG-360x10-240x20
11 BOX 280x280x20 25 PG-400x8-200x15
12 BOX 300x300x20 26 PG-450x10-220x20
13 BOX 350x350x25 27 PG-500x10-300x20
14 BOX 400x400x25

Table 3. Sectional characteristics of each one of the critical
frames.
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Fig 7. Summary of maximum inter-story drifts different

frames under the MCE.
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Model Topense ~ Tasce7-1
(sec) [20] (sec)
3-story 0.832
frame 0.532
5-story 0.803
frame 0.747
7-story 1.081
frame 0.948
9-story 1.200
frame 1.138
12-story 1.455
frame 1.410
20-story 1.929
frame 2.080

Table 4. Fundamental building periods.
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AOax 0.05290 0.09245
AB, 0.03408 0.04823
AB4 0.02691 0.03694
AB, 0.02024 0.02934
AB5 0.01743 0.02469
ABg 0.01569 0.02199
A8, 0.01417 0.01903
ABg 0.01430 0.01896
ABy 0.01529 0.01798
7B 0.01494 0.01556
A8, 0.01474 0.01507
A0, 0.01437 0.01432

1. cumulative distribution functions
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Fig. 12. Percentile values of different seismic demand
parameters of critical story.
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OLer 5 25 Jlo U Ot 4 8 (s Jlail gl 5 108,L JSS s sl

(&l L Sy 4 bg e slalols A Jgds AB;5 0.01507 0.01377

Cy Inter-story Inter-story drift ABq, 0.01365 0.01355

cles drlft range (radians) A6, 0.01266 001258
(radians)

0.0 0.000 0.000 76, 0.01185 0.01333
0.5 0.025 0.025 26,, 0.01185 0.01299
1.0 20.035 0.060
15 0.065 0.100 76,5 0.01064 0.01478
2.0 -0.013 0.078 26, 0.01057 0.01666
25 0.042 0.055
3.0 0.002 0.040 A8, 0.01012 0.01511
3.5 0.042 0.040 26, 0.00922 0.01405
4.0 0.017 0.025
45 0.042 0.025 26, 0.00775 0.01316
5.0 0.022 0.020 26,5 0.00741 0.01289
55 0.042 0.020
6.0 0.022 0.020 ABmaxh 0.06656 0.10217
6.5 0.042 0.020 26, 0.05274 0.07795
7.0 0.027 0.015
75 0.042 0.015 A8, 0.04398 0.06075
8.0 0.027 0.015 0, 0.04217 0.06531
8.5 0.042 0.015
9.0 0.027 0.015 N, 16.25360 2334327
9.5 0.042 0.015 ) 0.24965 0.41350

10.0 0.027 0.015
10.5 0.042 0.015 O, 0.01173 0.03372
11.0 0.022 0.020

Table 5. 84% seismic demand parameters based on rainflow

11.5 0.038 0.016 counting.
Table 6. Demands for the proposed loading protocol.
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Abstract

Due to the relatively high use of steel buildings in Iran and the importance of rigid steel beam-to-column
connections, which are among the vital components in this type of buildings, the need to better understand
the behavior of these connections against earthquakes has been noted. Also due to the special characteristics
of the near-field earthquakes, which is different than far-field earthquakes and it has its own characteristics;
and the fact that some catastrophic earthquakes occurred in Iran, such as the Bam earthquake (2003) and the
Tabas earthquake (1978) had the characteristics of the near-field earthquakes, which can show the
importance of the near-field ground motions; the purpose of this study was to propose a loading protocol for
special steel moment- resisting frames under near-field earthquakes for Iran. Therefore, first, by examining
the earthquakes that have occurred in Iran during several years, near-field earthquakes have been selected.
Steel buildings of 3, 5, 7, 9, 12 and 20 floors were designed and analyzed according to the rules and
regulations of Iran, then for each of the designed steel buildings a critical frame was determined; the values
of the scale factors are also specified. After performing nonlinear time-history analysis and applying the
proposed near-field ground motions to all of the critical frames, inter-story drift angles for all frames was
obtained and compared. The third floor of the 3-story critical frame was selected as the critical floor; which
is a story whose results will be used to construct a loading protocol; The basic rainflow counting and
simplified rainflow counting were performed for the critical inter-story drift angles results; The proposed
loading protocol are derived based on the MCE-level seismic hazard and 84™ percentile values of key
seismic demand parameters. These parameters are number of damaging cycles, maximum inter-story drift,
sum of inter-story drift range, inter-story drift range and residual inter-story. The rationality of the proposed
loading protocol was justified by showing the cumulative distribution function. The proposed loading
protocol has 23 damage half-cycles, including 3 pulse half-cycles with inter-story drift ranges of 0.060,
0.100 and 0.078 radians; which are calculated by the basic rainflow counting method. The maximum inter-
story drift was obtained 0.065 radians. In the final half cycle, the mean value is the same as the residual
inter-story drift of 0.03 radians. Also, the sum of the inter-story drift ranges is equal to 0.684 radians. The
proposed loading protocol was compared with the SAC near-field earthquake protocol, the maximum inter-
story drifts in the proposed protocol is 0.065 radians and in the SAC protocol is 0.06 radians. Furthermore
the pulse cycles in the proposed protocol have inter-story drift ranges equal to 0.060, 0.100 and 0.078
radians; while the three pulse half-cycles at the beginning of the SAC loading protocol have inter-story drifts
of 0.08, 0.05 and 0.04; respectively. Therefore, the proposed loading protocol has a higher inter-story drift
and stronger pulse cycles than the SAC near-field earthquake protocol; but the total number of cycles
defined in the SAC protocol is greater than the proposed protocol.

Keywords: Steel moment-resisting frame, Near-field earthquake, Rainflow counting, Loading
protocol.
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