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Tab.1 Statistical parameters of loads

HRER  HHERE o HEAREE SBREN

H# EXGH 1.06 0.07
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Tab.2 Physical parameters of frame structures m

E¥ Rk BE REE HRE
12-1 5.4,2.4,54 0.3x0.6  0.6x0.6
122 12-2 5.4,2.4,48 03x0.6  0.6x0.6
12-3 5.4,54,54 0.3x0.6  0.6x0.6
15-1 5.4,2.4,54 0.3x0.6  0.6x0.6
152 15-2 5.4,2.4,4.8 0.3x0.6  0.6x0.6
15-3 5.4,54,54 0.3x0.6  0.6x0.6
18-1 5.4,2.4,54 0.3x0.6  0.6x0.6
182 18-2 5.4,2.4,48 0.3x0.6  0.6x0.6
18-3 5.4,5.4,54 0.3x0.6  0.6x0.6
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Tab.3 Correlative coefficients of mode 12 -1
under strong earthquakes
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Tab.5 Correlative coefficients of mode 12 - 3
under strong earihqunlms

X OMX MX O HxX MxX Mk
BE __AE  RBHEH  RE  BE A
1-2 0.7581 1-3 0.6929 1-4 0.6827
1-5 0.7244 1-6 0.7817 1-7 0.8484
1-8 09689 1-9 07230 1-10 0.4905
1-11 0.3876 1-12 0.3164 2-3 09140
2-4 0.9006 2-5 0.9555 2-6 0.9698
2-7 0.8935 2-8 0.7346 2-9 0.5481
2-10 0.3719 2-11 0.2939 2-12 0.2399
3-4 09853 3-5 0956 3-6 0.8864
3-7 0.8167 3-8 0.6714 3-9 0.5010
3-10 0.3399 3-11 0.2686 3-12 0.2192
4-5 09425 4-6 0.8734 4-7 0.8047
4-8 0.6615 4-9 04936 4-10 0.3349
4-11 02646 4-12 0.2160 5-6 0.9267
5-7 0.8538 5-8 0.70019 5-9 0.5237
5-10 0.3553 5-11 0.2808 5-12 0.2292
6-7 09213 6-8 0.7574 6-9 0.5652
6-10 0.3834 6-11 0.3030 6-12 0.2473
7-8 0.8221 7-9 0.6134 7-10 0.4162
7-11 0.3289 7-12 0.2684 8-9 0.7462
8-10 0.5062 8-11 0.4000 8-12 0.3265
9-10 0.6784 9-11 0.5361 9-12 0.4376
10-11 0.7902 10-12 0.6450 11-12 0.8163

Mk X MX O MmX MX X

B Z¥ EBA A% 2R R

1-2 0.7645 1-3 0.7014 1-4 0.6935
1-5 0.7253 1-6 08071 1-7 0.9208
I-8 0909 1-9 0.7539 1-10 0.4662
1-11 0.2489 1-12 0.1760 2-3 09174
2-4 09072 2-5 0.9487 2-6 0.9472
2-7 0.8303 2-8 0.7346 2-9 0.5764
2-10 0.3564 2-11 0.1903 2-12 0.1345
3-4 09888 3-5 0970 3-6 0.8690
3-7 0.7617 3-8 0.6470 3-9 0.5288
3-10 0.3270 3-11 0.1746 3-12 0.1234
4-5 09562 4-6 0.8592 4-7 0.7532
4-8 0.6664 4-9 0.5229 4-10 0.3234
4-11 0.1726 4-12 0.1220 5-6 0.8986
5-7 0.7877 5-8 0.69%9 5-9 0.5468
5-10 0.3332 5-11 0.1805 5-12 0.1276
6-7 0.8766 6-8 0.7756 6-9 0.6085
6-10 0.3763 6-11 0.2009 6-12 0.1420
7-8 0.8848 7-9 0.6942 7-10 0.4293
7-11 0.2292 7-12 0.1620 8-9 0.7846
8-10 0.4852 8-11 0.2500 8-12 0.1831
9-10 0.6184 9-11 0.3302 9-12 0.2334
10-11 0.5339 10-12 0.3774 11-12 0.7069

Fq4 BPR-2EAREATHAXRER
Tab.4 Correlative coefficients of mode 12 - 2
under strong earthquakes
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Tab.6 Correlative coefficients of mode 15 -1
under strong earthquakes

X MKk X HMx Mx MHx

BE A% EE AE  EA £ 14

1-2 0.7265 1-3 0.6465 1-4 0.6331
1-5 0.6813 1-6 0.7468 1-7 0.8518
1-8 0.9604 1-9 0.7094 1-10 0.4671
1-11 0.3302 1-12 0.3132 2-3 0.8898
2-4 08714 2-5 0.9378 2-6 0.9729
2-7 0.8530 2-8 0.6978 2-9 0.5154
2-10 0.3394 2-11 0.2399 2-12 0.2275
3-4 09793 3-5 09489 3-6 0.8657
3-7 0.7590 3-8 0.6209 3-9 0.5486
3-10 0.3020 3-11 0.2134 3-12 0.2025
4-5 09292 4-6 0.8477 4-7 0.7433
4-8 0.6080 4-9 0.44991 4-10 0.2957
4-11 0.2090 4-12 0.1983 5-6 0.9123
5-7 0.7999 5-8 0.6544 5-9 0.4833
5-10 0.3183 5-11 0.2249 5-12 0.2134
6-7 0.8768 6-8 0.7172 6-9 0.5298
6-10 0.3489 6-11 0.2466 6-12 0.2339
7-8 08181 7-9 06042 7-10 0.3979
7-11 0.2812 7-12 0.2668 8-9 0.7386
8-10 0.4864 8-11 0.3438 8-12 0.3261
9-10 0.6586 9-11 0.4654 9-12 0.4415
10-11 0.7068 10-12 0.6705 11-12 0.9486

X MX  MX MX Mx HX
ZE 2%  RBE  R¥ B[ Y
1-2 07712 1-3 0.7000 1-4 0.6829
I-5 0.7000 1-6 0.7341 1-7 0.7932
1-8 0.8432 1i-9 0.9852 1-10 0.8473
1-11 0.5981 1-12 0.4777 1-13 0.3983
1-14 0.37126 1-15 0.3148 2-3 0.9076
2-4 0.855 2-5 0976 2-6 0.9519
2-7 09722 2-8 09143 2-9 0.7828
2-10 0.6535 2-11 0.4612 2-12 0.3684
2-13 03072 2-14 0.2873 2-15 0.2428
3-4 09756 3-5 1.0000 3-6 0.9535
3-7 0.8824 3-8 0.8299 3-9 0.7105
3-10 0.5931 3-11 0.4186 3-12 0.3344
3-13 0.2788 3-14 0.2608 3-15 0.2203
4-5 09756 4-6 0.9303 4-7 0.8609
4-8 0.8097 4-9 0.6932 4-10 0.5786
4-11 0.4084 4-12 0.3262 4-13 0.2720
4-14 0.2544 4-15 0.2150 5-6 0.9535
5-7 0.8824 5-8 0.8299 5-9 0.7105
5-10 0.5931 S5-11 0.4186 5-12 0.3344
5-13 0.2788 S5-14 0.2608 5-15 0.2203
6-7 0.9254 6-8 08703 6-9 0.7451
6-10 0.6220 6-11 0.4390 6-12 0.3507
6-13 0.2924 6-14 0.2735 6-15 0.2311
7-8 09405 7-9 0.8052 7-10 0.6721
7-11 0.4744 7-12 0.3789 7-13 0.3160
7-14 0.2955 7-15 0.2497 8-9 0.851
8-10 0.7147 8-11 0.5044 8-12 0.4029
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Mk X X Mx  MX HE WX Mk MxX MX MX X
28] % 2l A% En £y HIE S S A 2 AH
8-13 0.3360 8-14 0.3142 8-15 0.2655 1-11 0.6952 1-12 0.4541 1-13 0.3059
9-10 0.8348 9-11 0.5892 9-12 0.4706 1-14 0.2233 1-15 Q.1765 2-3 0.9324
9-13 0.3924 9-14 0.3670 9-15 0.3101 2-4 09117 2-5 0.9340 2-6 0.9645
10-11 0.7058 10-12 0.5638 10-13 0.470 1 2-7 0.9620 2-8 0.8231 2-9 0.7413
10-14 0.4397 10-15 0.3715 11-12 0.7988 2-10 0.6386 2-11 0.5238 2-12 0.3422
11-13 0.6660 11-14 0.6229 11-15 0.5264 2-13 0.2305 2-14 0.1683 2-15 0.1330
12-13 0.8338 12-14 0.7798 12-15 0.6590 3-4 0.9778 3-5 0.9984 3-6 0.9667
13-14 0.9353 13-15 0.7903 14-15 0.8450 3-7 0.8970 3-8 0.7675 3-9 0.6912
3-10 0.5954 3-11 0.4884 3-12 0.3191
7 15-2
27 RBL-2EXRIEATAXRUR 3-13 0.2149 3-14 0.1569 3-15 0.1240
Tab.7 Correlative coefficients of mode 15 - 2 4-5 0.9762 4-6 0.9453 4-7 0.8770
under strong earthquakes 4-8 0.7505 4-9 0.6758 4-10 0.5822
4-11 0.4776 4-12 0.3120 4-13 0.2101
X MR MR MR X X
’ ’ 4-14 0.1534 4-15 0.1213 5-6 0.9683
M Ly S A 2HE E3 5-7 0.8984 5-8 0.7688 5-9 0.6923
1-2 07457 1-3 0.6765 1-4 0.6631
5-10 0.5964 5-11 0.483 5-12 0.3196
1-5 0.6765 1-6 0.7116 1-7 0.7647 5-13 02153 5-14 01572 5-15 0.1242
1-8 0.8377 1-9 0.9739 1-10 0.8348 ’ ’ )
6-7 0.9278 6-8 0.7939 6-9 0.7150
1-11 0.6028 1-12 0.4735 1-13 0.3724 6-10 0.6159 6-11 05053 6-12 03300
1-14 0.3265 1-15 0.3098 2-3 0.9072 6-13 0'2223 614 0'1623 6-15 0‘1283
2-4 0.8893 2-5 0.9072 2-6 0.9543 ) ; :
7-8 0.8557 7-9 0.7706 7-10 0.6638
2-7 0.9752 2-8 0.8902 2-9 0.7657 T-11 0546 7-12 03557 7-13 0.2396
2-10 0.6226 2-11 0.4496 2-12 0.3531 1-14 0‘1749 7_15 0'1383 89 0'9005
2-13 0.2777 2-14 0.2435 2-15 0.2310 §-10 0'7758 811 0.6364 8- 12 0‘4]57
3-4 0.9803 3-5 1.0000 3-6 0.9506 8- 13 0'2800 8- 14 0'2044 815 0']6]6
3-7 0.8%47 3-8 0.8075 3-9 0.6346 9-10 0.8615 9-11 07067 9-12 0.4616
g“:g g'jg‘:g ;'3 3‘2%3 ;‘g 8';(2)22 9-13 0.3109 9-14 0.270 9-15 0.1794
- : - : - : 10-11 0.8203 10-12 0.5358 10-13 0.3609
4-5 0.9803 4-6 0.9319 4-7 0.8672
10-14 0.2635 10-15 0.2083 11-12 0.6532
4-8 0716 4-9 0.6809 4-10 0.5536 11-13 0.4400 11-14 0.3212 11-15 0.2539
4-11 0.3998 4-12 0.3140 4-13 0.2469 ’ ’ ’
12-13 0.6736 12-14 0.4917 12-15 0.3887
4-14 0.2165 4-15 0.2054 5-6 0.9506 13-14 0.7300 13-15 05771 14-15 0.7905
5-7 0.8847 5-8 0.8075 5-9 0.6946 - - -
5-10 0.5648 5-11 0.4078 5-12 0.3203
5-13 0.2519 5-14 0.2209 5-15 0.2096 %9 ADB-1EAREATAXRMR
6-7 09306 6-8 0.8495 6-9 0.730 7 Tab.9 Correlative coefficients of mode 18 - 1

6-10 0.5941 6-11 0.4290 6-12 0.3369
6-13 0.2650 6-14 0.2324 6-15 0.2204
7-8 09128 7-9 0.7852 7-10 0.6384
7-11 04610 7-12 0.3621 7-13 0.2848
7-14 0.2497 7-15 0.2369 8-9 0.8602
8-10 0.6994 8-11 0.5050 8-12 0.3966
8-13 0.3119 8-14 0.2736 8-15 0.2595
9-10 0.8131 9-11 0.5871 9-12 0.4611
9-13 0.3627 9-14 0.3180 9-15 0.3017
10-11 0.7221 10-12 0.5671 10-13 0.4460
10-14 0.3912 10-15 0.3711 1i-12 0.7854
11-13 0.6177 11-14 0.5417 11-15 0.5139
12-13 0.7865 12-14 0.6897 12-15 0.6543
13-14 0.8769 13-15 0.8319 14-15 0.9486

under strong earthquakes
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Tab.8 Correlative coefficients of mode 15 -3
under strong earthquakes

%k X MxX Mk Mx MX
BE % ER F% En[ 3

1-2 0.7535 1-3 0.7026 1-4 0.6869
1-5 0.7037 1-6 0.7267 1-7 0.7833
1-8 09153 1-9 0.9838 1-10 0.8475

Mk MR MxX MX Mk MxX
BE & R2EE R RE@E E3 4
1-2 0.8053 1-3 0.7382 1-4 0.7051
1-5 0.7192 1-6 0.7483 1-7 0.7929
1-8 0.838 1-9 09156 1-10 0.9952
1-11 0.8607 1-12 0.7153 1-13 0.5586
1-14 04453 1-15 0.4346 1-16 0.3886
1-17 0.3635 1-18 0.3221 2-3 009167
2-4 08755 2-5 0.8932 2-6 0.9292
2-7 0.9846 2-8 0.9647 2-9 0.8795
2-10 0.8014 2-11 0.6931 2-12 0.5760
2-13 0.4498 2-14 0.3586 2-15 0.3500
2-16 0.3129 2-17 0.2927 2-18 0.2594
3-4 0951 3-5 09743 3-6 0.986
3-7 09311 3-8 0.843 3-9 0.8063
3-10 0.7347 3-11 0.6354 3-12 0.5280
3-13 0.4124 3-14 0.3287 3-15 0.3208
4-5 0.9803 4-6 0.9423 4-7 0.8893
4-8 0.8446 4-9 0.7701 4-10 0.7017
4-11 0.6069 4-12 0.5043 4-13 0.3938
4-14 0.3140 4-15 0.3064 4-16 0.2740
4-17 0.2563 4-18 0.2271 5-6 0.9621
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Zx09 &R 10
ME  MX HX X HX [EES MR MR MRk MR MX P
1G] A% Ea ¥ Em 2K B % EnN % En 34
5-7 0.9072 5-8 0816 5-9 0.7856 5-10 0.6949 5-11 0.6269 5-12 0.5157
5-10 0.7158 5-11 0.6191 5-12 0.5145 5-13 0.3859 5-14 0.3125 5-15 0.2727
5-13 0.4018 5-14 0.3203 5-15 0.3126 5-16 0.2361 5-17 0.2155 5-18 0.2155
5-16 0.2785 5-17 0.2614 5-18 0.2317 6-7 0.9430 6-8 0.8915 6-9 0.8339
6-7 0.9437 6-8 0.8964 6-9 0.8172 6-10 0.7272 6-11 06561 6-12 0.5397
6-10 0.7447 6-11 0.6440 6-12 0.5352 6-13 0.4039 6-14 0.3270 6-15 0.2854
6-13 0.4180 6-14 0.3332 6-15 0.3252 6-16 02471 6-17 0.2255 6-18 0.2255
6-16 0.2908 6-17 0.2720 6-18 0.2410 7-8 0.9454 7-9 0.8843 7-10 0.7711
7-8 0.9498 7-9 0.860 7-10 0.7890 7-11 0.6957 7-12 0.5723 7-13 0.4283
7-11 0.6824 7-12 0.5671 7-13 0.4429 7-14 0.3468 7-15 0.3026 7-16 0.2620
7-14 03531 7-15 0.3446 7-16 0.3081 7-17 0.2392 7-18 0.2392 8-9 0.9354
7-17 0.2882 7-18 0.2554 8-9 0.9117 8-10 0.8157 8-11 0.7359 8-12 0.6054
8-10 0.8307 8-11 0.7185 8-12 0.5971 8-13 0.4530 8-14 0.3668 8-15 0.3201
8-13 0.4663 8-14 0.3717 8-15 0.3628 8-16 0.2772 8-17 0.2530 8-18 0.2530
8-16 0.3244 8-17 0.3034 8-18 0.2689 9-10 0.8721 9-11 0.7868 9-12 0.6472
9-10 0.9112 9-11 0.7881 9-12 0.6549 9-13 0.4843 9-14 0.3921 9-15 0.3422
9-13 0.5114 9-14 0.4077 9-15 0.3979 9-16 0.2963 9-17 0.2705 9-18 0.2705
9-16 0.3558 9-17 0.3328 9-18 0.2950 10-11 0.9022 10-12 0.7422 ~10-13 0.5554
10-11 0.8649 10-12 0.7188 10-13 0.5613 10-14 0.44997 10-15 0.3924 10-16 0.3398
10-14 0.4475 10-15 0.4367 10-16 0.39%05 10-17 0.3101 10-18 0.3101 11-12 0.8226
10-17 0.3652 10-18 0.3237 11-12 0.8310 11-13 0.6154 11-14 0.4984 11-15 0.4349
11-13 0.6490 11-14 0.5174 11-15 0.5049 11-16 0.3766 11-17 0.3438 11-18 0.3438
11-16 0.4515 11-17 0.4223 11-18 0.3743 12-13 0.7483 12-14 0.6059 12-15 0.5287
12-13 0.7809 12-14 0.6226 12-15 0.6075 12-16 0.4578 12-17 0.4179 12-18 0.4179
12-16 0.5433 12-17 0.5082 12-18 0.4504 13-14 0.8096 13-15 0.7065 13-16 0.6118
13-14 0.7972 13-15 0.7780 13-16 0.6957 13-17 0.5584 13-18 0.5584 14-15 0.8727
13-17 0.6507 13-18 0.5767 14-15 0.9759 14-16 0.7556 14-17 0.6897 14-18 0.6897
14-16 0.8727 14-17 0.8162 14-18 0.723 4 15-16 0.8659 15-17 0.7903 15-18 0.7903
15-16 0.8942 15-17 0.8364 15-18 0.7413 16-17 0.9128 16-18 0.9128 17-18 1.0000
16-17 0.9353 16-18 0.8289 17-18 0.8863 £11 MNIS-3EAREATRERSS
10 WP B-2EAREATHXREE Tab.11 Correlative coefficients of mode 18 ~ 3
Tab.10 Correlative coefficients of mode 18 — 2 under strong earthquakes
under strong earthquakes *E;é m* m* m* *ﬁ* *ﬁ;’i
% M% X M% HM% P S 28] A% En 2% ER E-34
28] ¥ En 2% Bl AH 1-2 0.8249 1-3 0.7429 1-4 0.7316
1-2 0.7876 1-3 0.7178 1-4 0.6915 1-5 07429 1-6 0.7766 1-7 0.8536
1-5 06949 1-6 0.7272 1-7 0.7711 1-8 0.9292 1-9 09736 1-10 0.9142
1-8 0.8157 1-9 0.8721 1-10 1.0000 1-11 0.8117 1-12 0.6850 1-13 0.4972
1-11 0.9022 1-12 0.7422 1-13 0.5554 1-14 03743 1-15 0.3055 1-16 0.2449
1-14 0.4497 1-15 0.3924 1-16 0.3398 1-17 0.2159 1-18 0.1825 2-3 0.9006
1-17 0.3101 1-18 0.3101 2-3 0.9113 2-4 0.889 2-5 0.9006 2-6 0.9415
2-4 0.8780 2-5 0.822 2-6 0.9233 2-7 0.9664 2-8 0.8877 2-9 0.8472
2-7 09791 2-8 0.956 2-9 0.9032 2-10 0.7451 2-11 0.6696 2-12 0.5651
2-10 0.7876 2-11 0.7106 2-12 0.5846 2-13 0.4101 2-14 0.3087 2-15 0.2520
2-13 0.4374 2-14 03542 2-15 0.3091 2-16 0.2020 2-17 0.1781 2-18 0.1505
2-16 0.2676 2-17 0.2443 2-18 0.2443 3-4 0.9848 3-5 09961 3-6 0.9565
3-4 0.9634 3-5 09681 3-6 0.9870 3-7 0.8703 3-8 0.7994 3-9 0.7630
3-7 0.9308 3-8 0.8799 3-9 0.8231 3-10 0.6791 3-11 0.6030 3-12 0.5089
3-10 0.7178 3-11 0.6476 3-12 0.5327 3-13 0.3694 3-14 0.2780 3-15 0.2269
3-13 0.3987 3-14 0.3228 3-15 0.2817 3-16 0.1819 3-17 0.1604 3-18 0.1356
3-16 0.2439 3-17 0.2226 3-18 0.2226 4-5 09848 4-6 09420 4-7 0.8571
4-5 09952 4-6 09509 4-7 0.8967 4-8 0.7873 4-9 0.7514 4-10 0.6689
4-8 0.8477 4-9 0.7930 4-10 0.6915 4-11 0.5938 4-12 0.5012 4-13 0.3638
4-11 0.6239 4-12 0.5132 4-13 0.3841 4-14 0.2738 4-15 0.2235 4-16 0.1792
4-14 03110 4-15 0.2714 4-16 0.2350 4-17 0.1580 4-18 0.1335 5-6 0.9565
4-17 0.2145 4-18 0.2145 5-6 0.9555 5-7 0.8703 5-8 0.7994 5-9 0.7630
5-7 0.9011 5-8 0.8518 5-9 0.7968 5-10 0.6791 5-11 0.6030 5-12 0.5089
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Displacement — based Failure Mode Dependency Analysis of RC High - rise
Frame Structures under Strong Earthquakes

ZHU Jun - feng', WANG Dong - wei?, HUO Da'

(1. College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100022, China; 2. School of Civil Engi-

neering, Zhengzhou University, Zhengzhou 450002, China)

Abstract: In order to simplify the calculation of reliability of system, the story drifts are considered as random vari-

ables in this paper. The failure modes based on story drifts are main failure modes. The method of Monte — Carlo is

used to study the dependency of high - rise frame structures under strong earthquakes based on story deformation,

Some statistical rules of dependencies are obtained about high — rise frame structures under strong earthquakes.

Keywords: reliability of system; frame structure; failure mode; dependency; Monte — Carlo method



