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Abstract

The risk-targeted seismic design concept was first included in ASCE/SEI 7-10 to address problems related to the uniform-hazard
based seismic concept that has been constructed without explicitly considering probabilistic uncertainties in the collapse capacities of
structures. However, this concept is not yet reflected to the current Korean building code(KBC) because of insufficient strong
earthquake data occurred at the Korean peninsula and little information on the collapse capacities of structures. This study evaluates
the risk-targeted seismic performance of steel ordinary concentrically braced frames(OCBFs). To do this, the collapse capacities of
prototype steel OCBFs are assessed with various analysis parameters including building locations, building heights and soil
conditions. The seismic hazard curves are developed using an empirical spectral shape prediction model that is capable of reflecting
the characteristics of earthquake records. The collapse probabilities of the prototype steel OCBF's located at the Korean major cities
are then evaluated using the risk integral concept. As a result, analysis parameters considerably influence the collapse probabilities of
steel OCBFs. The collapse probabilities of taller steel OCBFs exceed the target seismic risk of 1 percent in 50 years, which the
introduction of the height limitation of steel OCBFs into the future KBC should be considered.
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Fig. 1 Configuration of steel ordinary concentrically braced frames(OCBFs)

Table 1 Seismic design parameters of prototype frames

Site | Sps | Sm R o, ¢, | spc | oc
sc [0.499 | 0.287

325 2 |325| D I
SD ]0.433]0.232

SDC : Seismic design category, OC : Occupancy category
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Table 3 Statistical parameters determining probabilistic
distribution of collapse capacities

Prototype frame| SA4 4. & B.4,(COV) Bror
30CBF-SC 2.13 0.628 (0.295) 0.824
30CBF-SD 1.97 0.636 (0.323) 0.839
50CBF-SC 1.00 0.729 (0.729) 0.904
50CBF-SD 0.87 0.550 (0.632) 0.766
100CBF-SC 0.46 0.728 (1.583) 0.902
100CBF-SD 0.41 0.656 (1.600) 0.846

% COV : Coefficient of variation
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Table 4 Average peak ground accelerations along with return periods(unit : g)

Return period, year Seoul Chuncheon| Cheongju | Daejeon Jeonju Gwangju Daegu Busan Ulsan
50 0.028 0.020 0.031 0.031 0.027 0.027 0.029 0.028 0.035

100 0.042 0.029 0.044 0.044 0.040 0.040 0.044 0.041 0.050

250 0.056 0.041 0.060 0.061 0.057 0.057 0.060 0.057 0.070

500 0.085 0.065 0.087 0.087 0.083 0.083 0.086 0.085 0.095

1000 0.114 0.087 0.123 0.123 0.119 0.118 0.124 0.118 0.125

2400 0.170 0.130 0.181 0.183 0.177 0.175 0.181 0.175 0.180

4800 0.227 0.217 0.239 0.240 0.234 0.235 0.241 0.233 0.230
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Table 5 Estimator coefficients of the empirical shape prediction model

I(M, R, V) (M, R, V)

SR, V) Ty(M, R, Vi)

a, a; as ay my My msy my

51 S2 S3 Sy t ty i3 ty

0.400(8.5X107-2.5%1071 0.893 |-0.307F1.3%107%6.7x1079 3.575

0.076 14.9x10™7.9x1070.255(0.079F5.7x1072.5x10™-0.0611

PGAs with Spectral shape estimated from _  Spectral Seismic hazard curves from
return period empirical prediction model acceleration spectral acceleration
I .
08 l | £ 0.1 - l l l l
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50 0035 — “# |
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0.01 0. 1 10 0.001 0010 0.100 1000 10.000
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| ===0.1s fundamental period  —e—PGAs

Fig. 4 Procedure for developing the seismic hazard curves
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Fig. 5 Annual collapse probabilities of prototype frames located at 3 cities(Seoul, Chuncheon and Ulsan)

Table 6 50 years collapse probabilities of the prototype frames located at the Korean 9 major cities(unit : %)

Prototype Seoul Chuncheon| Cheongju | Daejeon Jeonju Gwangju Daegu Busan Ulsan
30CBF-SC 0.04 0.02 0.04 0.03 0.04 0.04 0.04 0.06 0.03
30CBF-SD 0.10 0.06 0.10 0.10 0.10 0.11 0.11 0.13 0.11
50CBF-SC 0.14 0.08 0.13 0.13 0.12 0.12 0.14 0.20 0.18
50CBF-SD 0.21 0.12 0.21 0.20 0.20 0.19 0.22 0.30 0.28
100CBF-SC 0.23 0.14 0.24 0.22 0.20 0.19 0.27 0.36 0.41
100CBF-SD 0.83 0.45 0.85 0.80 0.66 0.63 0.94 1.22 1.69
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