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Tablel. Designed sections for 6-story frames with 2
bays and the third type plan
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Fig. 3. Resoinse cycles extracted from the (a)drift raio
(b)axial force ratio time histories depicted in Figure2
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0.2760 66 25 0.2853 0.5411 6.8288 1
0.2698 97 32 0.2956 0.5444 8.6347 2
0.2899 86 31 0.3873 0.5153 8.9865 3
0.2812 70 22 0.2939 0.5407 6.1856 4
0.2895 59 27 0.2822 0.5121 7.8152 5
0.2664 52 28 0.2624 0.5078 7.4581 6
0.2567 57 24 0.2898 0.4980 6.1604 7
0.2887 79 26 0.2836 0.5349 7.5056 8
0.2884 136 37 0.3175 0.5385 10.6723 9
0.3770 110 31 0.2961 0.5431 11.6881 10
0.3000 86 32 0.2875 0.5390 9.6004 11
0.2466 78 33 0.2923 0.5279 8.1366 12
0.3421 108 42 0.2866 0.5219 14.3662 13
0.3469 98 33 0.2919 0.5249 11.4478 14
0.2655 46 27 0.2930 0.5302 7.1684 15
0.2796 42 30 0.2886 0.5427 8.3871 16
0.3260 103 29 0.2705 0.4796 9.4547 17
0.3304 59 11 0.2920 0.5494 3.6343 18
0.2676 93 23 0.2936 0.5159 6.1551 19
0.3284 127 23 0.2951 0.5413 7.5534 20
0.3605 73 20 0.3968 0.5492 7.2106 21
0.4327 105 24 0.2961 0.5521 10.3836 22
0.2579 65 12 0.2204 0.4337 3.0954 23
0.1258 68 5 0.0995 0.1473 0.6291 24
0.3403 88 25 0.2923 0.5445 8.5072 25
0.3858 99 37 0.2932 0.5392 14.2754 26
0.2960 76 39 0.2861 0.5315 11.5456 27
0.3131 91 30 0.2976 0.5385 9.3943 28
0.3086 174 39 0.2851 0.5215 12.0367 29
0.3107 112 32 0.2954 0.5381 9.9425 30
0.2581 50 26 0.2952 0.5299 6.7106 31
0.3346 83 31 0.2922 0.5480 10.3712 32
0.3133 86 32 0.2805 0.5204 10.0253 33
0.3104 78 27 0.2881 0.5213 8.3805 34
0.3948 90 25 0.2967 0.5461 9.8707 35
0.2709 69 35 0.3778 0.4753 9.4811 36
0.3596 173 27 0.2979 0.5495 9.7104 37
0.3344 107 24 0.2900 0.5477 8.0254 38
0.2983 100 25 0.2882 0.4738 7.4577 39
0.2361 99 13 0.2699 0.5236 3.0692 40
0.3038 81 39 0.2941 0.5411 11.8480 41
0.2864 98 42 0.2913 0.5409 12.0289 42
0.2025 72 21 0.2708 0.5181 4.2525 43
0.2678 69 32 0.2458 0.4531 8.5701 44
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Table2. Calculated indexes based on the drif ratio time histories of the side
column of one of the sample frames under the set of earthquake records
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0.0051 111 30 0.0083  0.0134 0.1525 1
0.0059 93 42 0.0067  0.0112 0.2466 2
0.0073 110 40 0.0238  0.0234 0.2928 3
0.0059 104 22 0.0078  0.0142 0.1295 4
0.0059 119 41 0.0133  0.0149 0.2431 5
0.0047 87 31 0.0073  0.0093 0.1452 6
0.0051 88 27 0.0063  0.0115 0.1369 7
0.0065 94 35 0.0123  0.0202 0.2260 8
0.0048 200 75 0.0073  0.0111 0.3636 9
0.0059 198 58 0.0125  0.0194 0.3401 10
0.0063 131 54 0.0269  0.0282 0.3428 11
0.0048 121 44 0.0092  0.0148 0.2130 12
0.0081 133 58 0.0171  0.0225 0.4674 13
0.0070 126 46 0.0109  0.0153 0.3197 14
0.0050 100 27 0.0074  0.0115 0.1339 15
0.0049 74 33 0.0086  0.0128 0.1603 16
0.0072 86 38 0.0204  0.0206 0.2718 17
0.0085 93 10 0.0125  0.0173 0.0847 18
0.0038 185 39 0.0109  0.0121 0.1470 19
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0.0065 148 23 0.0122  0.0134 0.1486 21
0.0084 154 29 0.0127  0.0177 0.2449 22
0.0039 164 20 0.0051  0.0083 0.0780 23
0.0027 157 5 0.0022  0.0030 0.0133 24
0.0055 111 37 0.0078  0.0145 0.2027 25
0.0074 124 44 0.0079  0.0139 0.3269 26
0.0070 144 55 0.0136  0.0212 0.3877 27
0.0072 103 38 0.0200  0.0276 0.2722 28
0.0068 222 77 0.0291  0.0293 0.5231 29
0.0055 234 49 0.0151  0.0156 0.2719 30
0.0047 145 27 0.0085  0.0119 0.1272 31
0.0080 113 32 0.0177  0.0350 0.2557 32
0.0052 146 62 0.0096  0.0157 0.3202 33
0.0048 138 51 0.0075  0.0110 0.2455 34
0.0073 118 28 0.0078  0.0149 0.2031 35
0.0055 122 46 0.0124  0.0159 0.2528 36
0.0074 160 40 0.0262  0.0410 0.2971 37
0.0059 173 32 0.0173  0.0232 0.1879 38
0.0061 190 35 0.0135  0.0233 0.2142 39
0.0041 187 22 0.0064  0.0108 0.0900 40
0.0053 90 45 0.0098  0.0152 0.2399 41
0.0057 153 59 0.0161  0.0225 0.3388 42
0.0051 131 33 0.0088  0.0113 0.1677 43
0.0056 122 41 0.0089  0.0129 0.2292 44

oY 5 2o s8 o bsls o Gl 05 el 2 2 5m 50 glbs ot 1 el
Table2. Calculated indexes based on the drif ratio time histories of the side
column of one of the sample frames under the set of earthquake records
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Fig. 11. Validation of the obtained numerical
modelling results with the experimental results
reported by Kurata et al. [17]
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Nominal Width to Cross Section Area

Section Name Thickness (cm)

Dimention (cm) Thickness ratio (cm?)
HSS12x12x5/8 30.48 159 17.7 165.81
HSS14x14x5/8 35.56 159 211 195.48
HSS16x16x5/8 40.64 1.59 245 225.81
HSS18x18x5/8 45.72 159 25.8 267.1
HSS20x20x5/8 50.8 1.59 29 299.35

Table4. Section properties of selected archetypes
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Abstract: Columns of the moment frames are subjected to high axial forces as well as inelastic rotations
during a seismic event. Estimating the boundaries for these simultaneous structural demands on the columns
of special moment frames are one the aims of this research. These demands are evaluated by performing a
vast number of non-linear time history analyses on some archetype frames. Totally, eight archetype buildings
are designed under two levels of spectral accelerations representing the Maximum Credible Earthquake
(MCE) and the Design Earthquake (DE). Both geometric and material nonlinearities are taken into account.
Far-field earthquake record set -proposed by FEMA P696- is utilized in this study to conduct the required
time history analyses. This set includes 44 individual seismic records with different magnitudes and other
specifications. Each sample special moment frame is excited by each of the individual records with two
different intensity levels referring to DE and MCE respectively. After performing numerous time history
analyses, the boundaries and the values for the axial force and the story drift ratio on columns are fairly
stablished for the seismic events with MCE and DE intensity levels. It is proved that the columns might
experience the axial force around 30% of their yielding capacity as well as the drift ratios up to 6%. Effects
of simultaneous changes in axial force and plastic rotation in such columns are neglected in available loading
frameworks (protocols, setups, what?!) for these members. On the other hand, existing loading frameworks
are introduced quite arbitrarily in different research studies, with no root in the real seismic demands of these
structural members. Hence, a statistical approach implemented to extract the loading cycles based on the
results of the mentioned non-linear time histories. Therefore, a representative loading protocol is also
developed for the column members of special moment frames with the aid of the results of the supportive
analyses. This loading protocol includes cycles of varied axial force ratios as well as simultaneous cycles of
lateral loading.

Providing such a loading regime can pave the way to investigate the behavior of the columns of moment
frames by more sophisticated numerical models which cannot be ordinarily employed to perform costly time
history analyses under seismic records. The overall response of steel columns may be dominantly affected by
the local effects like as local bucking at large deflections. Hence, the response of some archetype individual
columns is fairly investigated under the proposed loading protocol by utilizing continuum finite element
simulations which are expected to capture these kinds of local effects deliberately. The investigation not only
reveales more on the details of the behavior of these members, but also proves the versatility of the proposed
loading protocol in comparison with the previous loading procedures. In order to do so, the numerical
models of the archetype columns are also examined under the proposed lateral loading protocol. Accordingly,
constant levels of axial loading and the results of both cases are compared. It is shown that implementing a
constant axial load besides the cyclic lateral cyclic loading may not be an appropriate loading framework and
the results would not represent the seismic demands in these members accurately.
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