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Abstract: In order to evaluate the seismic reliability of steel staggered truss framing (SSTF)
structural systems, the limit state function for the bearing capacity of the SSTF structure was
established by taking the ultimate base shear force of the total horizontal seismic action at the
bottom of the structure as the limit state. An ordinary steel frame structure model and six SSTF
structure models with different truss arrangements were established under the same amount of
steel usage. Higher order moment method was adopted to calculate the failure probability of
established structure models under different seismic intensities, and then the failure probability
curves were depicted. The results show that the SSTF structure starts to exhibit the failure risks of
slight, moderate, severe, and complete damage when the seismic intensities is 6, 7, 8 and 9
degrees, respectively. The use of vertical webs alone in trusses is not sufficient to improve the
seismic performance of the structure, while the addition of diagonal webs can significantly reduce
the failure probability. The seismic performance of the rigid joint between the vertical web and
the chord is better than that of the hinged joint, and the failure probability of the rigid form is
reduced by at least 10% compared with the hinged form.

Key words: SSTF structure; reliability analysis; load-bearing capacity; seismic intensity; high-
order moment method
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Fig. 1 Plans and elevations of the structural model
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Table 3 Cross-sectional dimensions of members in structural model
R 2 q FME (Q355) J%FTF (Q355) AT (Q235) RHEFT (Q235)
5 1.1 H-492x465%15%20 H-656x301x12%20 — —
4 2.2 H-492x465%15%20 H-656x301x12%20 — —
M 3 2.2 H-492x465%15%20 H-656x301x12%20 — —
2 2.1 H-502x465%15%25 H-656x301x12%20 — —
1 2.3 H-502x465%15%25 H-656x301%x12%20 — —
5 1.1 H-400x408%x21x21 H-494x302x13%21 H-150x150%x7x10 —
RTI 4 2.2 H-400x408%x21x21 H-494x302x13%21 H-150x150%x7x10 —
HT1 3 2.2 H-400x408%x21x21 H-494x302x13%21 H-150x150%x7x10 —
2 2.1 H-414x405%x18%28 H-588%300x12%20 H-150x150x7x10 —
1 2.3 H-414x405%x18%28 H-588x%300x12%20 — H-200x200x8x12
5 1.1 H-400x408%x21x21 H-494x302x13%21 H-125%125%6. 5%9 H-100x100%6x8
RTD 4 2.2 H-400%408x21x21 H-494x302x13x21 H-125%125%6. 5x9 H-100x100x6x8
- 3 2.2 H-400x408%x21%21 H-494x302x13%21 H-125%125%6. 5%9 H-100x100%6x8
2 2.1 H-414x405%18%28 H-588x%300%x12%20 H-125%125%6. 5%9 H-100x100%6x8
1 2.3 H-414%x405%18%28 H-588x%300%x12%20 — H-200%200x8x12
5 1.1 H-400x408%x21x21 H-494x302x13%21 H-125%125%6. 5%9 H-50x50x6x8
RT3 4 2.2 H-400x408%x21x21 H-494x302x13%21 H-125%125%6. 5%9 H-50x50x6x%8
HT3 3 2.2 H-400x408%x21x21 H-494x302x13%21 H-125%125%6. 5%9 H-50x50%6x8
2 2.1 H-414x405%18%28 H-588x%300%x12%20 H-125%125%6. 5%9 H-50x50%x6x8
1 2.3 H-414x405x18x28 H-588%300x12x20 — H-200%200x8x12
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Fig. 3 Comparison between finite element results and experimental results
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Table 4 Statistical information of random variables

Rifi AL 4k AT Biflpg R RHV,
MR E /MPa YPEOEDS 2. 05%10° 0.06
HE AT SR ISR L £, /MPa XPROEZ 355 0.08
B RHE AT I IR £, /MPa XPROEZ 235 0.08
FRE R o EAS A 0.01 0.01
{ERT4E D AkN-m™) EA AR 6 0.1
TETT 4L L /(KN +m™?) Gamma 2 0. 45
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Table 5 Estimation points in the original space of random variables

Jees) FPEAR T E /MPa FE XA IRBREE £, /MPa B¢ RUEAFEIRIRE £, MPa S NI R o

1 163 431 262.3
2 177 565 292.9
3 190 950 322.7
4 204 632 353.9
5 219294 388. 1
6 235 825 427.5
7 256 220 477.5

173.6 0.009 6
193.9 0.009 8
213.6 0.0099
234.3 0.0100
256.9 0.0101
283.0 0.0102
316. 1 0.0104
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x6 BEMERV, (=1, 4)89RT M 4
Table 6 First four central moments of Vg, (=1,---,4) for different structural models

A T .
IKE /KN g Qg KM /KN o Qg o
Vs, 1 035.33 60. 04 0. 158 3.04
M Vs 2589.13 150.13 0. 158 3.04
Vs 4938.27 254.59 -0.512 2.72
Vi 5549.15 417.01 0.217 3.06
Vs, 821. 61 48.47 0. 147 3.01 Vs, 705.72 42.08 0. 165 3.05
RT1 Vs 1991.79 111.27 0. 155 3.06 HTI Vs, 1764.54 105.33 0.163 3.05
Vs 3362.88 213.44 -0.106  2.86 Vs 3099.20 209.68 -0.148  2.87
Vi 4704.49 331.14 -0.155 2.78 Ve 4478.58 316.46 -0.240 2.91
Vs, 1235.63 82.29 0.116 3.04 Vs, 1175.91 82.91 0. 049 3.03
RT2 Vs, 2860.85 167.16 0. 139 3.04 HT Vs, 2724.35 173.28 -0.080 3.34
Vs 4940.03 234.59 -0.192 3.07 Vs 4757.30 251.41 -0.626  4.03
Va 6027.86 381.91 0.005 3.07 Va 5846.05 418.16 -0.393 3.84
Vs, 1851.89 113.36 0. 082 2.90 Vs, 1802.09 113.58 0. 162 3.03
RT3 Vs, 3484.51 177.25 0. 090 2.95 HT3 Vs, 3379.18 171.40 0. 105 2.95
Vs 5216.59 254.73 -0.069  3.11 Ve 5074.39 246.74 -0.026 3.05
Va 6247.92 376.94  0.186  3.07 Vs 6099.17 373.14  0.190  3.07
R7 RT2EBPBRLR R V, (F1,--,4)
Table 7V, (~F1,---,4) and different sample points of RT2 model
FEAR RS E Ja I o Vs, Vs Vs, Vs
1 163 430 355 235 0.01 1061.8 2339.5 4281.9 5705.2
2 177 570 355 235 0.01 1138.6 2522.9 4565.6 5824.3
3 190 950 355 235 0.01 1211.1 2694.7 4745.8 5937.6
4 204 630 355 235 0.01 1284.7 2870.0 4987.3 6048.2
5 219290 355 235 0.01 1363.0 3054.8 5197.5 6155.0
6 235830 355 235 0.01 1450.9 3262.9 5397.2 6245.2
7 256 220 355 235 0.01 1558.9 3516.4 5578.17 6354.9
8 205 000 262.3 235 0.01 1286.6 2874.7 4235.0 4714.6
9 205 000 292.9 235 0.01 1286.6 2874.7 4583.5 5181.7
10 205 000 322.7 235 0.01 1286.6 2874.7 4841.1 5619.2
11 205 000 353.9 235 0.01 1286.6 2874.7 4991.7 6037.4
12 205 000 388. 1 235 0.01 1286.6 2874.7 5053.9 6442. 1
13 205 000 427.5 235 0.01 1286.6 2874.7 5071.0 6 898. 8
14 205 000 477.5 235 0.01 1286.6 2874.7 5071.0 7478.9
15 205 000 355 173.6 0.01 1110.0 2673.7 4618.4 5741.6
16 205 000 355 193.9 0.01 1139.9 2712.3 4748.0 5841.2
17 205 000 355 213.6 0.01 1207.7 2788.0 4868.9 5941.0
18 205 000 355 234.3 0.01 1284.0 2871.6 4989.4 6 046. 8
19 205 000 355 256.9 0.01 1367.4 2960.9 5110.1 6156.1
20 205 000 355 283 0.01 1354.7 3004.3 5259.2 6273.9
21 205 000 355 316. 1 0.01 1544.2 3093.9 5439.0 6407.2
22 205 000 355 235 0.009 6 1286.3 2873.8 4991.3 6042.5
23 205 000 355 235 0.009 8 1286.5 2874.3 4992.5 6 046. 6
24 205 000 355 235 0.009 9 1286.6 2874.5 4993.1 6048. 6
25 205 000 355 235 0.01 1286.6 2874.7 4993.7 6 050. 6
26 205 000 355 235 0.0101 1286.7 2875.0 4994.3 6052.7
27 205 000 355 235 0.0102 1286.8 2875.2 4995.0 6054.7
28 205 000 355 235 0.0104 1286.9 2875.7 4996.2 6 058. 8
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Table 8 Failure probabilities of each structural model at four limit states under different seismic intensities

" les KA
Y )
IR E =5 =6 =7 =8 =9 =10 =11 =12
Vy, 1.470x107%>  1.537x107 0. 779 1 1 1 1 1
" Ve, 6.360x10™7  1.099x107*  4.827x107° 0. 14 0.999 1 1 1
Ve, 6. 474107 1. 741x107° 4.835x10™° 2.053%x107" 0.241 1 1 1
Ve, 5.760x10°  2.790x10™""  6.785x10™%°  1.110x10™°  6.255%107 1 1 1
Ve, 1.200x102  9.838x10™ 0. 994 1 1 1 1 1
T Ve, 1.788x107°  8.125x107  7.440x107 0. 862 1 1 1 1
Ve 1.848x107'¢  1.737x107®  1.499x10™°  7.886x10™ 0.991 1 1 1
Vaa 7.981x10™"  2.432x10™"  1.216x107"°  1.538x10° 0.396 1 1 1
Vg, 1.945x10%  1.849x107°  0.255 0. 999 1 1 1 1
RD2 Ve, 3.521x10°%  5.932x107*%  7.302x107°  2.751x10 0.999 1 1 1
Ve, 2.876x107%  8.245x107°  9.882x107  2.894x107" 0.237 1 1 1
Ve, 1.089x10  8.417x107*  1.544x10  1.254x107°  1.110x107 1 1 1
Vg, 2.375x107¢  6.333x107  2.151x107° 0. 949 1 1 1 1
RT3 Ve, 7.315x107%  3.877x107*  3.499x107"  9.865x107° 0. 984 1 1 1
Ve 2.128x107"  1.436x107  6.211x107%  2.185x107? 0.118 1 1 1
Vaa 1.134x10  1.310x107™*  1.602x107°"  9.109x10™°  4.028x107 1 1 1
Vq, 1.526x107°  3.614x107 0. 999 1 1 1 1 1
T Ve, 1.058x10°"  1.106x10>  1.104x10™ 0.977 1 1 1 1
Ve, 4.110x10™  1.823x10°  1.931x107  7.411x107 0. 998 1 1 1
Ve, 3.716x107°  2.532x107°  1.584x10™  2.056x107 0. 547 1 1 1
Ve, 2.799x102  1.115%107® 0.398 0. 999 1 1 1 1
i Ve, 2.074x107%  8.337x107™  2.027x10° 7. 173%x107 0.999 1 1 1
Ve 5.247x10™°  2.287x10™*  4.390x107"  1.999x107 0.349 1 1 1
Vaa 1.900x10™  5.091x107"°  3.692x10™° 3.893x107  2.810x107 1 1 1
Vg, 1.450x10*"  1.335x10>  6.731x10° 0. 966 1 1 1 1
- Ve, 6.292x107  2.226x107°  2.852x107  2.753x10™ 0. 991 1 1 1
Ve, 5.214x107%  1.422x107°  1.924x107°  2.425x107™> 0.172 1 1 1
Ve, 1.384x10™%  1.961x10™*  3.893x10™°"  7.177x107  7.419x107 1 1 1
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Fig. 5 Failure probabilities of different structural models under various seismic intensities
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