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Evaluation of Capacity Spectrum Methods for Estimating
the Peak Inelastic Responses
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ABSTRACT

In the capacity spectrum method(CSM) using a linear response spectrum, the peak response of an inelastic system under a given earthquake
load is esiimated transforming the system into the equivalent elastic one. The CSM for estimating the peak inelastic response is evaluated in this
paper. The equivalent period and damping ratio are calculated using the ATC-40, Gulkan, Kowalsky, and twan methods, and the performance
points are obtained according 1o the procedure B of ATC-40. Analysis results indicate that the ATC-40 method generdlly underestimates the peak
response resulting in the unsafe design, while the Gulkan and Kowalsky methods overestimate the responses. The lwan method produces the
values between those by the ATC-40 method and the Gilkan and Kowalsky methods, and estimates the responses relatively closer to the exact
ones. Further, it is found that the Kowalsky method gives the negative equivalent damping ratios depending on the hardening ratios, and thereby
can not be used to estimate the responses in some cases.

Key words : Capacity spectrum method, equivalent period, equivalent damping ratio, inelastic response, nonlinear analysis
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Z[l HIEMY 819 ST OS2 98t 7|Z SHAHERMES RN Il Y H|I
2= A
¥ 1 T703%¢ etz 7x29 SH E 4 T~15%¢ HHitgr 7#x=22 S
Dy A y D@St (Cm) Dexa(‘l Dy A y Deg’ (Cm) D('xad
a
1Y) om | (@ |ATC40] Gliken Kowalsky’ lwan | (cm) ¢ fom) | (@ |ATC~40] Gikan |Kowalsky| lwan | (em) |
005 06658 | 99759 | 10.1650 | 9.1312 | 6.2377 0.05 239790324708 | 30.5227 | 30.7254 | 25.4065
0.15 6.5051 | 53419 - 54816 | 48250 0.15 25.0371|27.6648 | 36.9184 | 27.7563 | 24.484
0.1 02280 | 0.1 0.1 22797 | 004
03 ATTE9 | 34861 - 3.8060 | 3.7597 0.3 26.7875| 22.8623 - 245834 | 24.725%5
05 42455 | 25206 - 3.0550 | 34413 05 25.8669 | 18.4411 - 21.0311| 236731
0.05 33302 [ 62300 | 55765 | 57570 | 3.3467 005 1518731279227 | 26.3668 |25.6681 | 21.6347
0.15 28602 | 43815 | 52252 | 42651 | 30017 0.15 154917 | 25.4269 | 276157 |24.0666 | 20.1000
0.3 06839 | 03 0.3 6.8392 | 0.12
03 25658 | 3.1782 - 32576 | 26917 03 164901 21.6400 | 35.8278 | 21.3595| 20.2004
05 2.7897 | 2634 - 28861 | 26776 05 19.4544 | 20.4832 - 21.3817|21.1422
0.05 10425 | 46032 | 4.6239 | 38887 | 2.7847 005 15,7743 24.1290 | 26.3668 120.9440 | 22.6397
0.15 19772 | 35245 | 42384 | 32576 | 25430 0.15 16,1943 | 23.0539 | 27,6157 |21.1232| 22.1683
05 1139 | 05 05 113986 0.2
0.3 20379 | 30954 | 4.8422 | 29935 | 24449 0.3 17.0673 | 22.6842 | 33.5995 | 21.4387 | 22.1491
05 22219 | 26149 - 26362 | 24545 05 1872961219722 - 2152041 22.1826
£ 2 TA05%0 BRIRE 7x20l 8¢ E 5 T20%0 GRS 7ol 89
. . Dy A B Dest (Cm) Doir . o Dy A 5 D (Cm) Dor
{cm) | (@ | ATC-40| Gillkan | Kowalsky| wan | (cm) (cm) | (@ |ATC-40! Gulkan |Kowalsky| lwan | (om)
005 12.0938 (159434 | 151662 | 14.6996| 9.4398 0.05 254473 | 34.6571 | 32.4268 |32.8541| 28.8053
0.15 10.7369 | 10.3642 - 105279 83917 0.15 287222 | 32.3541 | 38.9817 |32.3458| 29.1955
0.1 06333 | 0.1 01— 303% | 0.03
0.3 79180 | 6.7439 - 7.2027 | 6.9658 03 31.7521 | 28,5063 - 30.2318/ 30.8503
05 7.99%2 | 54010 - 6.3002 | 6.7621 05 34.2061 | 24.6174 - 28.1875| 30.4431
005 46136 1109740) 9.0507 | 93190 | 60344 0.06 19,7752 ) 34.1537 | 31.5017 {31.3091] 25.6378
0.15 45990 | 74097 | 82118 | 7.0363 | 55844 0.15 204767 | 31.0148 | 34.0605 [29.4500| 24.3458
0.3 18998 | 0.3 03 9.1189 | 0.09
03 47700 | 64862 | 11.1659 | 6.4570 | 5.4065 03 21.7625 | 28.6545 | 39.8642 128.3180( 25.0411
05 5.1614 | 55600 - 58423 | 52819 05 246303 | 26.2700 - 27.3214| 26.9441
005 41380 | 7.3082 | 9.0507 | 6.4076 | 5.3897 0.05 20.0252 | 31.4406 | 31.5017 |28.0874 27.%
0.15 42017 | 69226 | 82118 | 6.1255 | 5.3242 0.15 206501 | 30.6602 | 34.0605 |27.6091| 26.2042
05 3.1663 | 05 05 151982 0.15
03 43958 | 63152 | 99323 | 57483 | 5.2427 03 21.3001 | 20.2024 | 30.8642 |27.2139) 26.0542
05 45418 | 54765 - 52117 | 51885 0.5 228506 | 27.2146 - 26.2635| 27.3916
% 3 TA10%2 SXRE X289 8Y E 6 To=25x0 BHAIRE ?xg9 SE
e a Dy A y Dpsz (Cm) Dwmrt Dy A ¥y Dﬁf (Cm) Dwm(‘t
em) | (0 | ATC40 | Gilkan | Kowalsky| Iwan | (cm) 190 em | © |atc-4o] Gikan [Kowaisky| wan | (cm)
0.05 18.7105 [26.4995| 24.7202 124.6892| 19.1185 005 26,5002 | 36.0565 | 33.9058 |34.4459| 30.0714
0.15 176417 | 19.3395| 285374 |19.4668| 18.0031 0.15 29.6639 | 34.6879 | 39.6456 |34.5338| 31.4721
01 15198 | 006 0.1 3.7995 | 0.024
0.3 20.1074 1 16.3969 - 17.7214 | 17029 03 34.4505 | 32.3481 - 33.9855| 33,5237
05 21.0569 | 13.6106 - 16.0184 | 17.5743 05 39.2859 | 29.0975 - 32.8456| 36.0641
005 109868 [ 19.7601| 18.0805 | 18.3439| 14.2885 005 232715 | 36.5989 | 33.8398 |34.0330| 20.9061
0.15 11.3887 [ 1846821 19.9338 | 17,6118 13.3752 0.15 240723 | 35.6956 | 36.9747 |34.0174| 29.2648
0.3 —‘ 45505 | 0.18 03 11.39861 0.072
03 12.09680 (16,5112 - 1651741 129666 03 25.6062 | 33.7041 | 47.5642 133.1257) 20.3633
05 13.65680 | 14.3562 - 152702 | 13.8882 05 285903 | 30.7770 - 31.5786| 32.1914
0.05 10.3974 119.1959| 180895 | 16.5844 | 13.9011 0.05 247170 37.0808 | 33.8398 |32.1204| 31.3922
0.15 10.7156 [17.7840| 19.9338 | 159968 13.6400 0.15 25.1319 | 35.0726 | 36.9747 131.7005| 30.6273
05 7591 | 03 05 189977 0.12
03 11.2452 1165305 25.7841 | 15.3266| 134912 0.3 26.36543 | 33.5305 | 47.5642 |31.3460| 30.9199
05 12.2769 | 14.8378 - 145492 | 13.6963 05 28.3753 | 32.6185 - 31.6807| 32.6402
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a D—V Ay DeSt(Cm) J Dexact

lom) | (@) |ATC-40| Gulkan | Kowalsky| Iwan | (cm)

005 27.3014|36.0092| 34.1020 | 34.6100| 32.0793

0.15 30.0389136.1057] 40.0439 |35.8163| 32.4411
45595 | 0.02

03 35.1887 | 34.4917 - 35.9608 | 35.8976

05 40.1751|32.3557 - 359365 37.8572

0.05 26.0864 | 389425 | 35.0860 |35.9591| 34.9303

0.15 27.1045|38.1876| 38.4593 |36.0233| 34.0345
136784} 0.06

03 288024 36,6909 525950 |35.9692| 339419

05 32.8390| 35,6976 - 36.5247 | 355175

0.05 28.4570139.9192| 35,0869 |36.3860 | 34.9598

0.15 29.443039.8557| 38.4593 [365162(34.9239
22.7973| 01

03 30.5421130.3028| 52.5959 |36.4551 | 35.2546

05 32.4183|37.7231 - 36.2148 1 36.4996
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