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! Local site effect

2 Quasi-static

® Response Degree Of Freedom
* Ground Degree Of Freedom
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Ve o Jsh s eSile i doly il Slnlne T Jpox
RUN1 RUN2 RUN3 RUN4

T (sec) RSA(cm/sec2) | T(sec) | RSA(cm/sec2) | SRSS1&2 | T(sec) | RSA(cm/sec2) | T (sec) | RSA(cmsec2) | SRSS3&4
0 343.35 0 343.35 485.57 0 343.35 0 343.35 485.57
0.02 | 3437864 | 0.02 | 343.4275 | 485.83 | 0.02 | 343.6905 | 0.02 | 343.3661 | 485.82
0.04 344.8507 | 0.04 | 344.1672 | 487.20 | 0.04 | 344.3792 | 0.04 | 343.9095 | 486.69
0.06 346.718 0.06 | 345.4097 | 489.40 | 0.06 | 345.5812 | 0.06 | 344.8013 | 488.17
0.08 349.3962 | 0.08 | 347.1798 | 492.55 | 0.08 | 347.2889 | 0.08 | 346.0626 | 490.27
0.1 352.9469 0.1 349.5045 | 496.71 | 0.1 349.5243 0.1 347.7166 | 493.02
0.12 357.4568 | 0.12 | 352.4484 | 501.89 | 0.12 | 352.3107 | 0.12 | 349.7818 | 496.45
0.14 363.0755 | 0.14 | 356.0545 | 508.52 | 0.14 | 355.6863 | 0.14 | 352.2864 | 500.61
0.16 369.927 0.16 | 360.4137 | 516.47 | 0.16 | 359.7198 | 0.16 | 355.3039 | 505.60
0.18 378.2386 | 0.18 365.642 526.07 | 0.18 | 364.4527 | 0.18 | 358.8332 | 511.45
0.2 388.3684 0.2 371.8701 | 537.69 | 0.2 369.9599 0.2 363.0787 | 518.35
0.22 | 400.7186 | 0.22 379.316 551.77 | 0.22 | 376.3937 | 0.22 | 368.1636 | 526.51
0.24 | 4159276 | 0.24 | 388.3405 | 569.03 | 0.24 | 383.8082 | 0.24 | 373.9704 | 535.87
0.26 | 434.9908 | 0.26 | 399.3427 | 590.50 | 0.26 | 392.3681 | 0.26 | 380.8449 | 546.80
0.28 459.232 0.28 | 413.2909 | 617.82 | 0.28 | 402.4116 | 0.28 | 390.3876 | 560.65
0.3 491.1884 0.3 431.2306 | 653.62 | 0.3 413.8664 0.3 | 401.8303 | 576.84
0.32 535.0924 | 0.32 | 456.2382 | 703.19  0.32 | 437.1121 | 0.32 417.819 604.68
0.34 599.2458 | 0.34 | 493.8676 | 776.53 | 0.34 | 482.8973 | 0.34 | 444.7511 | 656.50
0.36 702.3713 | 0.36 | 558.5172 | 897.36 | 0.36 | 549.1519 | 0.36 | 499.1618 | 742.11
0.38 878.9019 | 0.38 688.007 1116.1 | 0.38 | 646.2622 | 0.38 | 651.5023 | 917.66
0.4 1113.777 0.4 914.6972 | 14412 | 04 806.9283 0.4 895.4896 | 1205.4
0.42 1231.62 042 | 1063.695 | 1627.3 | 0.42 | 934.4644 | 0.42 | 9955049 | 1365.3
0.44 1124419 | 0.44 | 876.1383 | 14254 | 0.44 | 962.7174 | 0.44 | 914.4125 | 1327.7
0.46 1082.996 | 0.46 | 756.1008 | 1320.8 | 0.46 | 1084.573 | 0.46 | 1050.649 | 1510.0
0.48 1042.628 | 0.48 | 876.0171 | 1361.7 | 0.48 | 1090.222 | 0.48 1155.74 1588.8
0.5 1127.585 0.5 964.3989 | 1483.7 | 0.5 959.6666 0.5 1088.931 | 1451.4
0.52 1058.554 | 0.52 | 994.6556 | 14525 | 0.52 | 930.4323 | 0.52 | 969.8361 | 1343.9
0.54 1017.107 | 0.54 | 1033.525 | 1450.0 | 0.54 | 1117.853 | 0.54 | 1121.542 | 1583.4
0.56 1066.574 | 0.56 | 1283.047 | 1668.4 | 0.56 | 1210.397 | 0.56 | 1116.284 | 1646.5
0.58 1116.356 | 0.58 1363.42 1762.1 | 0.58 1165.53 0.58 | 936.4104 | 1495.1
0.6 1088.437 0.6 1251.514 | 1658.6 | 0.6 1022.987 0.6 880.6031 | 1349.8
0.62 906.6061 | 0.62 | 1024.311 | 1367.8 | 0.62 | 1091.486 | 0.62 | 935.2625 | 1437.3
0.64 816.7698 | 0.64 | 826.3764 | 11619 | 0.64 | 1212276 | 0.64 | 910.651 1516.2
0.66 830.7088 | 0.66 | 760.8678 | 1126.4 | 0.66 | 1308.324 | 0.66 | 931.9233 | 1606.2
0.68 815.1768 | 0.68 | 796.7418 | 1139.8 | 0.68 | 1342431 | 0.68 | 1004.802 | 1676.8
0.7 743.5594 0.7 835.1838 | 1118.2 | 0.7 1303.508 0.7 1162.227 | 1746.3
0.72 712.4464 | 0.72 | 775.9193 | 1053.3 | 0.72 | 1199.115 | 0.72 | 1145.092 | 1658.0
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8o Jbe o Jd
074 662.3668 0.74 890.7205 11100 | 0.74 | 1068581 | 074 | 1017886 | 14757
0.76 5909786 0.76 930.6229 11024 | 0.76 | 9124194 | 076 | 9165036 | 1293.2
0.78 61014 0.78 970.2894 1146.1 | 0.78 805.828 078 | 9117626 | 1216.8

0.8 654 468 0.8 995.4073 11912 | 08 760.0699 0.8 9629792 | 12267
0.82 633208 0.82 924 5182 11495 | 0.82 | 8273868 | 0.82 | 9781259 | 12811
0.84 698.1492 0.84 914.6671 11506 | 0.84 | 2903.4998 | 0.84 | 2118786 | 12836
0.86 7316662 0.86 895 8309 1156.6 | 0.86 967.968 086 | 7884280 | 12484
0.88 7B9.1276 0.88 910.1632 1204.6 | 0.88 1003.074 | O.88 706143 12367

0.9 8359123 09 896.6568 12258 | 09 990.0551 09 6655724 | 11929
092 8RB7.9337 0.92 882.5924 12519 | 092 | 9274323 | 092 | 6393594 | 11264
0.94 896.5154 0.94 889.6319 1263.0 | 094 | B63.4606 | 0.24 | 6264681 | 1066.7
0.96 853.0698 0.96 939491 1269.0 | 096 | 864.2457 | 096 | 6539714 | 1083.7
0.98 775.0966 0.98 1007711 12713 | 098 | 9256967 | 0.98 | 7253687 | 1176.0

1 687.5183 1 1074.336 1275.4 1 975.0685 1 7834863 | 12508
102 631.0942 102 1120995 12864 | 1.02 | 956.1955 102 | 822.7416 | 12614
104 605.4801 1.04 1136077 12873 | 1.04 | 8714905 104 | 8626233 | 12262
1.06 6111211 106 1112 293 1269.1 | 106 | 7693744 106 | 913179 | 11840
108 640.8432 1.08 1051.194 12311 | 108 | 7141653 1.08 931808 1174.0

11 677.4144 11 S60_798 11755 | 11 733.4038 11 9249149 | 11804
112 706.6788 112 850.2626 11055 | 1.12 | 791.7011 112 | 903.2052 | 1201.0
114 719.0807 114 733.2291 1026.9 | 1.14 | 8540.7347 114 | 8758152 | 12140
116 710.4566 116 621.1366 | 943.68 | 1.16 | B858.1415 116 | 8509203 | 1208.5
118 630.024 118 5454428 | 87237 | 1.18 848.174 118 | 833.4258 | 1189.1

12 630.734 12 509.0028 | 81049 ( 12 8259769 12 8237009 | 1166.4
122 568.1383 122 5255301 | 77392 | 1.22 | 805.8802 122 | 8183487 | 11485
124 493 8586 124 568.6183 757.08 | 1.24 | 790.5516 124 | 8223027 | 11406
126 4343626 126 604.1182 | 74406 | 1.26 | 773.7192 126 | 8199197 | 11273
128 424 9384 128 6309847 | 760.¥3 | 1.28 | 747.6854 128 | 8053162 | 1098.8

13 420.5365 13 653.3968 | 77703 [ 13 709.5004 13 7797179 | 1054.2
132 4129672 132 668.0236 | 78536 | 1.32 | 663.7291 132 | 783.8503 | 1027.1
134 403.7213 134 6745118 | 786.10 | 1.34 | 621.2416 134 | 763.8463 | 98458
136 394 3333 136 6757085 | 78235 | 1.36 593.3279 136 | 7207526 | 933.55
138 386.3358 138 673.8641 | 776.95 | 1.38 5872641 138 | 665.5454 | BEF.59

14 390.1501 14 6706136 | 77584 | 14 600.943 14 639993 87790
142 413 2346 142 665.3346 | 783321 | 142 | 624.5609 142 | 6552278 | 20520
144 436.3845 144 656.0798 | 78795 | 1.44 | 646.7462 144 065902 928.28
146 45933 146 0404412 | 78813 | 146 659.338 146 | 672.2945 | 94165
148 482.0422 148 616.6583 FE270 | 148 | 657.7877 148 | 675.2411 | 94267

15 503.9547 15 5855026 | ¥7251 [ 15 641 6308 15 6746944 | 931.07
152 5239195 152 549 8896 | 75851 | 1.52 631.114 152 | 6713414 | 92141
154 5403247 154 5158435 | 747.02 | 1.54 | 616.5228 154 | 664.7148 | 906.61
156 5522158 156 480.5293 73862 | 156 5889817 156 | 655.2751 | B81.07
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158 558.3144 1.58 480.253 73644 | 158 552.183 158 6427 B847.33
16 558.08 16 4879661 | 74132 | 16 510.1314 16 627.0677 | 808.36
162 551.5818 162 | 5115406 | 752.27 | 1.62 466.537 162 | 6353301 | 78822
164 5394669 154 | 5445935 | 766.55 | 1.64 | 4242585 | 164 | £49.45686 | 775.76
1.66 547.0135 1ab | 5800687 | 797.31 | 166 384971 166 | 647.7764 | 75343
168 548 6288 168 | 6114936 | 82153 | 168 | 3483543 | 168 | 6298848 | 719.79
17 544 841 17 634.6988 | B36.47 | 1.7 315.0438 17 597.0591 | &75.07
172 536.3323 172 | 6469891 | 84038 | 1.72 | 3096113 | 1.72 | 552.0468 | B£32.94
174 523.447 174 | 6475257 | 83263 | 1.74 | 313.0024 | 1.74 | 5041333 | 583.38
176 506.858 176 | 6369893 | 814.03 | 1.76 | 318.2387 | 1.76 | 48095617 | 576.71
178 | 4B7.1666 178 | 6l6.4374 | 78590 | 1.78 | 3248051 | 1.78 | 4565405 | 560.29
18 465.1614 18 598.5007 | 758.00 | 138 332.0126 18 | 453.0406 | 561.67
182 | 4418829 182 | 5878811 | 73542 | 1.82 | 3391231 | 1.82 | 454.8566 | 567.36
184 | 4194577 184 | 5708467 | 708.40 | 1.84 | 3455885 | 1.84 | 4517307 | 568.76
186 | 4100954 186 | 5434491 | 68481 | 186 | 3507378 | 186 | 4442608 | 566.02
1.88 39E.833 188 | 5219353 | 656.87 | 1.88 | 354.2031 | 1.88 | 433.8389 | 560.06
19 386.7112 19 4927345 | 626.36 | 19 355.7567 19 | 431.2171 | 559.02
192 | 3745005 152 | 4622784 | 58483 | 192 | 3552798 | 192 | 42855945 | 556.70
194 | 3627267 134 | 4322558 | 56428 | 194 | 3528458 | 194 | 4259802 | 553.13
196 351.702 196 | 403.8925 | 535.55 | 196 | 3485285 | 196 | 423.3797 | 548.38
198 | 3416767 198 | 3735535 | 509894 | 195 | 3425444 | 198 | 4207984 | 54259

2 3325744 2 358.5319 | 489.03 2 334.9181 2 4182399 | 53581
202 | 3243566 | 202 | 3515012 | 47838 | 2.02 | 3257434 | 2.02 | 4157063 | 528.12
204 | 316.8613 204 | 3449793 | 468.41  2.04 | 317.6051 | 204 | 4131981 | 52115
206 | 3099534 | 2.06 338.964 45831 | 2.06 | 319.0389 | 2.06 | 4107148 | 520.06
208 | 3035395 | 208 | 3334722 | 45083 | 2.08 | 3181231 | 2.08 | 4082546 | 518.18
21 2974967 21 3285411 | #4321 | 21 324.8243 21 | 4058144 | 515.80
212 | 2818585 | 212 | 3253717 | 437.08 | 212 | 3266000 | 2.12 | 4033904 | 519.02
2.14 286.588 214 | 3325078 | 43896 | Z2.14 | 3248576 | 2.14 | 4009781 | 516.05
216 | 2817497 | 216 | 341.2259 | 44251 | 216 | 3201381 | 216 | 3985722 | 511.22
218 | 2774077 | 218 | 3509725 | 44720 | 218 313.072 218 | 3961671 | 504.83
2.2 273.6758 22 3605689 | 45266 | 2.2 304.3291 22 393.7569 | 497.65
2322 | 2706225 | 222 | 3700803 | 458.47 | 2.22 | 2945752 | 2.22 | 3913609 | 489.83
224 | 2683418 | 224 | 3788082 | 464.22 | 224 | 2844353 | 2.24 | 3BB9573 | 48186
226 | 2068995 | 226 | 3804869 | 469.68 | 2.26 | 2745459 | 226 | 3865372 | 47411
228 | 2663261 | 228 | 3927239 | 47451 | 228 | 2654279 | 228 | 384.0952 | 466.88
23 266.6144 23 3973475 | 47850 | 23 257.429 23 381626 460.33
232 267.752 232 | 4001795 | 481.49 ( 2.32 | 250.8395 | 2.32 | 3791248 | 45459
234 | 2096265 | 234 | 4055467 | 486.99 | 2.34 | 2458588 | 2.34 | 3706368 | 44877
2.36 272127 236 | 4171297 | 498.04 | 2.36 242 407 2.36 374.126 44579
238 | 2751241 | 238 | 4275591 | 50842 | 238 | 2404052 | 238 | 3715763 | 443156
2.4 278.4763 24 436.7411 | 51796 | 24 239.7145 2.4 368.985 440.01
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242 | 2B2.0383 242 | 4445735 | 52648 | 242 | 2359327 | 242 | 35664192 | 43758
244 | 2B5.0683 244 | 4509507 | 533.81 | 244 | 2408866 | 2.44 | 3638177 | 436.33
246 | 2892344 | 246 | 4557631 | 539.79 | 246 | 2451765 | 246 | 3611723 | 436.52
248 292619 248 | 4589055 | 54426 ( 2.48 | 2535792 | 248 | 3585338 | 43514

25 295723 25 460.2828 | 54709 | 25 263.0399 25 3558825 | 44254
252 | 2985175 | 252 | 459.8121 | 548.21 | 252 | 2732817 | 252 | 3531879 | 446.56
254 300.9 2.54 457432 54752 | 254 | 2840816 | 2.54 | 3505046 | 451.17
2.56 302831 256 | 4531063 | 544898 ( 256 | 2950027 | 256 | 3478105 | 45612
258 | 3042931 | 258 | 4458815 | 54064 | 2.58 | 306139 | 258 | 3450768 | 461.30

2.6 305.3448 26 438.7931 | 53457 | 26 316.9465 26 3423725 | 486.55
262 | 3059345 | 262 | 4288421 | 526.78 | 2.62 | 3273302 | 2.62 | 346.0903 | 476.36
264 | 306.0857 | 264 | 4171282 | 517.38 | 264 | 337.1234 | 2.64 | 349.0532 | 48527
266 | 3058836 | 2.66 403.859 506.62 | 266 | 3461768 | 2.66 | 3511822 | 493.12
268 | 3053276 | 268 | 389.0628 | 49456 | 268 | 3543836 | 2.68 | 3525536 | 499.88

2.7 304.445 27 3729065 | 48140 | 27 361.688 27 357.5171 | 508.56
2372 | 3033477 | 272 | 3556387 | 46743 | 2.72 | 3678461 | 2.72 364.54 517.95
274 | 3019953 2.74 351.636 463.51 | 2.74 | 3731959 | 274 | 3711959 | 526.36
276 | 3005138 | 276 | 346.3952 | 45858 | 2.76 | 3773148 | 276 | 377 4E82E | 533.72
278 | 20B.BBES | 278 | 3397354 | 45248 | 278 380.39 278 | 3833998 | 540.08

2.8 297.1773 2.8 331.7327 | 44537 | 18 382.32 2.8 3BB.9400 | 54538
282 | 2954396 | 282 | 3223998 | 437.29 | 2.82 | 383.1705 | 2.82 | 3941235 | 549.68
284 | 2937267 | 284 | 311.8897 | 42842 | 2.84 | 3829469 | 2.84 | 3989319 | 552.88
286 | 2920799 | 286 300.284 41890 | 2.86 | 3816305 | 2.86 | 4033736 | 555.29
288 | 2905529 | 288 | 2876568 | 408.86 | 2.88 | 379.3271 | 2.88 | 4074511 | 556.69

2.9 289.2135 2.9 286.6982 | 407.23 | 29 376.0125 249 | 411.2083 | 557.20
292 | 2901205 | 252 | 2863076 | 407.60 | 292 | 3717248 | 292 | 4146323 | 556.86
294 | 2917002 | 254 | 2860.084% | 40857 | 294 | 3665728 | 234 | 4177103 | 55574
296 293191 296 | 2859902 | 409.57 | 2.96 360.519 256 | 4204471 | 553.84
298 294 569 298 | 2859568 | 41053 | 2.98 | 353.703%9 | 298 | 4229051 | 551.32

3 295.8189 3 2859384 | 411.42 3 346.1107 3 4250559 | 54814
302 | 2969051 | 3.02 | 2859212 | 41218 | 3.02 | 337.8564 | 3.02 | 426.8872 | 544.40
304 | 2877976 | 304 | 2858556 | 41279 | 3.04 | 3288531 | 3.04 | 4284367 | 540.15
306 | 2984678 | 306 | 2857493 | 41320 | 3.06 | 3185166 | 3.06 | 4297363 | 53550
308 | 2988876 | 308 | 2855634 | 41337 | 3.08 309.546 3.08 | 4307401 | 53042

31 299.0295 31 2852944 | 413.29 | 31 2991891 3l 431.478 525.05
312 | 2988678 | 3.12 | 2849561 | 41294 | 3.12 | 2884292 | 3.12 | 432.0047 | 51944
314 | 289B3786 | 3.14 | 2845288 | 41238 | 3.14 277.381 3.14 | 4322604 | 513.60
316 | 2975403 316 | 2840072 | 411.32 | 3.16 | 266.0892 | 3.16 | 432.2800 | 507.61
318 | 2963409 | 3.18 | 283.3%09 | 410,03 | 3.18 | 2545918 | 3.18 | 4321134 | 501.53

3.2 2947785 32 2826801 | 40841 | 3.2 243.0055 3.2 | 4317013 | 495.39
322 | 2928214 | 322 | 2818759 | 406.44 | 3.22 | 2389266 | 3.22 | 431.0927 | 492.87
3.24 | 2904601 | 3.24 | 2809797 | 40412 | 3.24 | 23B.3823 | 3.24 | 4303109 | 49182
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3.26 | 2B76BRS | 3.26 | 27909938 | 401.44 | 3.26 | 2374924 | 3.26 | 4293111 | 490.62
3.28 | 2845053 | 3.28 | 2780208 | 308.42 | 3.28 | 2361308 | 3.28 | 4281568 | 4BB.SS

3.3 2809278 33 2777638 | 385.06 | 3.3 | 234.2413 3.3 | 426.8388 | 486.88
3.32 | 27689635 | 3.32 | 2785265 | 391.37 | 3.32 | 2318378 | 3.32 | 4253304 | 48441
3.34 | 2726012 | 3.3 | 2752126 | 387.36 | 3.34 | 2288974 | 3.34 | 4237074 | 48158
3.36 | 2695229 | 3.36 | 2738263 | 384.21 | 3.36 | 2254694 | 3.36 | 421.8305 | 478.39
3.38 | 2668177 | 338 | 2723719 | 3B1.35 | 3.38 | 2215933 | 3.38 | 419991 | 474.86

34 265.8572 34 2708532 | 37952 | 34 217.303 34 | 4179692 | 471.08
342 | 2659016 | 342 | 2692768 | 378.43 | 342 | 2126495 | 3.42 | 4158088 | 467.02
344 | 2654119 | 344 | 2676440 | 376.93 | 344 | 207685 | 3.44 | 4135135 | 48273
346 | 2643599 | 346 | 2659683 | 375.00 | 346 | 2024622 | 3.46 | 4111565 | 45830
348 | 2627529 | 348 | 264.2542 | 37265 | 348 | 197.0426 | 3.48 | 408.6852 | 453.70

3.5 260.5558 3.5 262.4992 | 369.85 | 35 191.9399 3.5 | 406.1064 | #445.18
3.52 | 257.7B%¢ | 3.52 | 2607082 | 366.63 | 3.52 | 189.7006 | 3.52 | 403.4709 | 44584
3.54 254.451 354 | 2588805 | 36299 | 354 | 1874317 | 354 | 4007582 | 44242
3.56 | 2505917 | 356 257.023 358.96 | 3.56 185,139 | 356 | 3979642 | 438.92
358 | 2462184 | 358 | 2551488 | 35457 | 358 | 1828295 | 3.58 | 3951007 | 43535

3.6 241 3804 36 2532544 | 34986 | 36 180.5058 36 | 3922118 | 43175
362 | 2361332 | 362 | 2513344 | 34485 | 362 | 1781732 | 3.62 | 3892663 | 42810
3.64 | 2305068 | 3.64 | 2493899 | 339.60 | 3.64 | 1758382 | 3.64 | 3862744 | 42441
3.66 | 2245757 | 366 | 2474217 | 33414 | 366 | 1735001 | 3.66 | 383.2461 | 420.68
368 | 2183843 | 368 245434 | 32852 | 368 | 1711714 | 368 | 3B0.1907 | 416.54

3.7 212.0003 3.7 2434297 | 32280 | 37 168.8524 3.7 | 3771174 | 41319
372 | 2054708 | 372 | 2413997 | 317.00 | 3.72 | 1665469 | 3.72 | 3740345 | 40943
3.74 | 1988556 | 3.74 | 2393436 | 31117 | 374 | 1642583 | 3.74 | 3709498 | 40568
3.76 195.741 376 | 2372608 | 30758 | 376 | 1619897 | 3.76 | 367.8706 | 40195
3.78 195.252 378 | 2351508 | 30564 | 3.78 | 1587438 | 3.78 | 364.8033 | 398.24

3.8 124 5967 3.8 233.0128 | 303.58 | 38 157.528 3.8 | 3617534 | 39456
3.82 | 1937738 | 3.82 | 2308463 | 301.3% | 3.82 155346 | 3.82 | 3587259 | 39091
3.84 | 1927824 | 3.84 | 2286508 | 209.07 | 3.84 | 153.1932 | 3.84 | 3557312 | 38731
3.86 | 1916219 | 386 | 2264259 | 20662 | 3.86 | 1510738 | 3.86 | 3527871 | 38377
3.88 | 1902922 | 3BB | 2241762 | 29405 | 3.88 | 1489943 | 3.88 | 3498756 | 38027

39 188.8174 39 2232284 | 29237 | 39 1459457 39 | 347.0195 | 37684
3.92 | 187.1B11 | 382 | 222.3%24 | 20068 | 3.92 | 1449299 | 3.92 | 3442027 | 37347
394 | 1853841 | 384 | 2215365 | 288.86 | 394 | 1429515 | 3.94 | 3414233 | 370.14
3.96 | 1834407 | 386 | 2206497 | 286.94 | 396 | 1410016 | 3.96 | 3386893 | 366.86
398 | 1813703 | 398 | 2197672 | 28494 | 398 | 1390789 | 3.98 | 3359795 | 383.62

4 1791513 4 218 8572 | 28283 4 1371823 4 333.2912 | 36041




& Jbe oo Jad
Ve i Js) sl oSl ol goly dies Sl ¥- Jgi aslol
RUNS RUNG RUN7? RUNS

T(zer) | RSA(cm/sec) | Tisec) | RSA(cm'sec2) |SRSS5&6 | T (sec) | RSA(em/zec2) | T(sec) | RSA(cm/secl) | SRS57&S
0 343.35 0 343.35 485.57 0 343.35 0 343.35 485.570
0.02 343.6576 0.02 343.4175 485.83 | 0.02 343.57 0.02 343.3661 | 485.737
0.04 344.4693 0.04 344.3843 487.09 | 0.04 344.6246 | 0.04 344.0493 | 486.966
0.06 345.8883 0.06 345.9908 489.23 | 0.06 346.4442 0.06 3451588 | 489.038
0.08 347.916 0.08 348.286 492.28 | 0.08 349.0843 0.08 346.733 492.019
0.1 350.5804 0.1 351.305 496.30 | 01 352.379 0.1 348.79 495.807
0.12 353.9247 0.12 355.1292 501.37 | 0.12 356.6367 | 0.12 351.3513 500.637
0.14 358.0443 0.14 350.8359 507.61 | 0.14 362.3223 0.14 354.4844 506.889
0.16 | 362.9907 | 0.16 | 365.5636 | 515.16 | 0.16 | 368.9713 | 0.16 | 358.2298 | 514.264
0.18 368.9262 0.18 372.589 524.33 | 0.18 376.9474 | 0.18 362.6719 523.087
0.2 375.8651 0.2 380.9441 535.15 | 0.2 385.3267 0.2 367.8501 532.719
0.22 384.3271 0.22 390.6517 548.01 | 0.22 399.1531 0.22 373.9665 546.968
0.24 394.3856 0.24 402.2716 563.34 | 0.24 | 414.1013 0.24 381.1905 562.837
0.26 406.5834 0.26 418.3843 583.39 | 0.26 | 428.2169 0.26 380.9488 579.163
0.28 421.0375 0.28 434.5616 605.07 | 0.28 | 446.2034 | 0.28 400.2921 599.442
0.3 439.0386 03 460.2409 636.06 | 0.3 475.1589 0.3 412.5312 629.251
0.32 463.8669 0.32 491.5846 675.89 | 0.32 520.5554 | 0.32 428.1551 674.013
0.34 496.4276 0.34 526.0002 723.26 | 0.34 587.0623 0.34 450.8525 740.209
0.36 544.8408 0.36 599.4474 810.05 | 0.36 678.9853 0.36 476.4634 829.480
0.38 639.2341 0.38 720.6355 963.29 | 0.38 793.4194 | 0.38 526.1353 952.015
0.4 741.1477 0.4 797.7471 1088.8 | 0.4 882.9183 0.4 620.1981 1078.97
0.42 | 753.8018 | 0.42 | 803.9453 | 1102.0 | 0.42 | 991.1073 | 0.42 | 762.5096 | 1250.48
0.44 793.9512 0.44 756.4494 1096.6 | 0.44 994.218 0.44 881.3352 1328.61
0.46 976.5591 0.46 774.7483 1246.5 | 0.46 | 925.8645 0.46 764.2211 1200.52
0.48 1060.795 0.48 848.9318 1358.6 | 0.48 | 840.8429 0.48 722.4897 1108.60
0.5 1043.777 0.5 934.5421 1401.0 | 05 785.0217 0.5 719.9884 1065.19
0.52 1100.668 0.52 912.2146 14295 | 0.52 787.1027 | 0.52 711.9955 1061.35
0.54 1079.201 0.54 771.6803 1326.7 | 0.54 | 836.3443 0.54 708.7972 1096.29
0.56 917.6542 0.56 711.383 1161.1 | 0.56 | 915.0129 0.56 730.883 1171.08
0.58 957.8042 0.58 706.8502 1190.3 | 0.58 | 895.3827 | 0.58 826.3872 1218.45
0.6 053.7608 0.6 712.204 1190.3 | 0.6 845.8074 0.6 038.2350 | 1263.20
0.62 1043.425 0.62 702.9314 1258.1 | 0.62 888.244 0.62 980.7613 1323.20
0.64 1081.287 0.64 677.9191 1276.2 | 0.64 | 992.3871 0.64 1006.926 1413.76
0.66 1061.305 0.66 726.279% 1286.0 | 0.66 | 939.5925 0.66 977.6232 1355.94
0.68 983.6172 0.68 826.7835 12849 | 0.68 | 907.3792 0.68 041.3992 1307.50
0.7 889.4788 0.7 896.5963 1262.9 | 0.7 952.1649 0.7 958.1774 1350.82
0.72 1023.195 0.72 946.3128 1393.7 | 0.72 1007.371 0.72 092.2922 1414.01

AN



8o Jbe o Jd
0.74 1060.633 074 | 9221745 | 14054 | 0.4 | 1043485 | 0.74 1025474 | 1463.03
0.76 1033.162 0.76 8195054 | 131849 | 0.76 | 1016.8%6 | 0.76 1044.509 | 1457.76
0.78 986.4928 0.78 Q021339 | 1336.7 | 0.78 | 94993935 | 078 1019.39 1393.43

0.8 957.0059 0.8 924757 13308 | 08 B90.7364 0.8 2440441 | 1304.77
0.82 965.763 0.82 8897912 | 13131 | 0.82 | Be9.7772 | 0.82 | B265085 | 1199.84
0.84 1010.303 0.84 | 8921359 | 13478 | 0.84 | 8717956 | 0.84 | 6805363 | 110596
0.86 1021.283 0.86 856.5894 | 13329 | 0.86 | 9336279 | 086 | 7168725 | 1177.10
0.88 1059.807 0.88 7934408 | 13239 | 0.88 | 9615985 | 0.88 | 7511051 | 122017

09 1076.776 09 725.078 12981 | 09 944 8998 09 Ti21ele | 122027
0.92 1067.516 0.92 7402025 | 12990 ( 092 | BE7.B218 | 092 | 7796006 | 1181.52
0.94 1031.636 094 | 7433192 | 12715 | 094 | 80609119 | 054 | 7729588 | 1117.39
0.96 977.7455 0.96 7357071 | 12236 | 096 | 7238906 | 096 | 7528729 | 104443
0.98 921.3762 0.98 719.311 11684 | 0.98 | 701.3732 | 098 | 827.0834 | 108443

1 850.0714 1 £96.2408 | 1098.8 1 723.2867 1 897.7015 | 1152.82

1.02 769.8806 102 668.4492 | 10195 | 1.02 | 7956369 | 1.02 | 9374907 | 122960
1.04 750.2586 104 | 6375827 | 98458 | 1.04 | B53.8145 | 104 | =45.0468 | 127658
1.06 725481 1.06 620.0189 | 95433 | 1.06 BE7.824 106 | 937.0464 | 1290.84
1.08 713.4077 1.08 6104508 | 93823 | 1.08 | B82.4867 | 1.08 | 9070927 | 126554

11 698.553 11 038.1041 | S45612 | 11 8273821 11 864.9471 | 1196.895
112 081.2854 112 054.9752 | 94506 | 1.12 832.803 112 | 8167273 | 1166.44
1.14 661.689 114 | 662.0587 | 936.03 | 1.14 344036 114 | 767.7653 | 1140949
116 639.751 116 0599238 | 91911 | 116 | 8391797 | 116 | 7229501 | 1107.64
1.18 615.5739 118 0559834 | 89958 | 1.18 | 8279112 | 1.18 685.217 1074.69

12 589.4324 12 653.4519 | 88001 | 1.2 800.1512 12 656.5907 | 1035.06
122 007.9385 122 0455066 | 886.71 | 1.22 75482 122 | 658.0583 | 1001.39
124 620.1901 124 | 6334806 | 886.52 | 1.24 | 701.2486 | 1.24 | 666.6539 | 967.562
126 636.2327 126 6187951 | 88752 | 1.26 | 6961012 | 1.26 | &77.3047 | 871.235
1.28 058.8549 128 6283931 | 91047 | 1.28 | 7629163 | 1.28 | 638.2342 | 102747

13 681.4754 13 6629536 | 950.74 | 1.3 797.7633 13 697.2327 | 1059.50
132 £93.6554 132 687.93 97693 | 1.32 | 8077609 | 132 | 7049341 | 107210
134 b36.2767 134 | 7041378 | 983.25 | 1.34 | 804.0335 | 1.34 | 7342122 | 1088.82
136 £55.5843 136 7131714 | 968.71 | 1.36 | 797.1852 | 1.36 | 7550474 | 1097.99
138 603.9211 138 7155937 | 936,37 | 1.38 | 7951023 | 138 | 7666003 | 110447

14 539.4912 14 7124966 | 893.70 | 14 799.1323 14 768.6379 | 1108.79
142 514567 142 7049005 | 87273 | 142 | BOGB.6393 | 142 | 78l.5284 | 110931
144 512.73 144 | 7269891 | 88960 | 144 | 8113109 | 144 | 7463064 | 110236
146 518.0101 146 7569276 | 917.20 ( 146 | BO7.0915 | 146 | 7244975 | 1084.57
148 526.0307 148 767422 | 93810 | 148 | 7891971 | 148 | 6974562 | 1053.22

15 52786595 15 7870646 | 947869 | 15 7559383 15 667.6308 | 1008.55
152 539.4232 152 7889076 | 95569 ( 1.52 707.392 152 | 6366165 | 951.674
154 5921634 154 | 7837486 | 98230 | 154 | 6502908 | 154 | 6063934 | B89.155
1.56 633.7721 1.56 773.0284 | 99961 | 1.56 646.084 156 578.6872 | 867.354

AY



8o Jbe o Jd
158 660.8215 158 7384064 | 10059 | 1.58 | 6810869 | 158 | 555.1443 | 878.656
16 6726738 16 744116 10030 | 16 717.0929 16 536.705 895.697
162 670.8985 162 7282458 | 99017 | 162 | 7463531 | 162 | 524.0665 | 911.969
164 058.0423 164 | 7108614 | 968.68 | 1.64 | 7685634 | 1.64 | 5173569 | 926.470
1.66 037.5704 1.66 693.344 94192 | 166 783.786 166 516.216 938.509
1.68 0612.0443 1.68 6814617 | 91596 | 168 | 7923186 | 168 | 5198223 | 947.620
17 583.7146 17 672.0247 | 89013 | 1.7 794.5642 17 527.0433 | 953.471
172 5599214 172 oo4.5444 | BEES8 ( 1.72 791.009 172 | 5367694 | 855837
1.74 536.1307 174 | 6582134 | 848892 | 1.74 | 7822011 | 1.74 | 5477593 | 954.923
176 509.743 176 0525245 | 82802 | 1.76 | 7o6B.72B4 ([ 176 558.13 950.562
178 | 4818313 178 6466131 | 806.39 | 1.78 | 751.1982 | 178 | 570.0938 | 943.030
18 453.0771 18 640.158 78427 | 18 730.2181 18 5799383 | 932.485
182 | 4302497 182 0325766 | 765.02 | 1.82 | 7008400 | 182 | 588.0441 | 919457
184 | 4140831 184 | 6234267 | 74841 | 1.34 | 6814487 | 184 593.958 203.968
1.56 397.2269 1.86 0123801 | 72993 | 1.86 | 6503436 | 186 | 5974323 | 887.531
188 379.3301 1.88 5991971 | 70917 | 1.88 | 6505931 | 188 | 5979881 | 883.663
19 360.2459 19 583.7393 | 68595 | 19 042 8305 19 585.734 876.430
1482 3396781 19z 5659738 | 660.08 | 1.92 | 633.1362 | 1.92 | 580.3438 865.66
194 317.66 194 | 5459688 | 631.65 | 1.94 | 6215857 | 194 | 5821585 | 851.632
1.96 318.6025 196 5238826 | 61315 | 196 | 608.2512 | 196 | 571.121%9 | 834.355
1488 3222093 198 | 4999495 | 58478 | 198 | 5932707 | 148 557.57 814.158
2 3252432 2 4744614 | 575.23 2 576.8666 2 5419234 | 791.489
2.02 3275418 202 | 4630633 | 567.1% | 2.02 | 5589556 | 2.02 | 5245805 | 766.561
2.04 328.8816 204 | 4625456 | 567.54 | 2.04 | 5398813 | Z.04 | 5059892 | 739.930
2.06 329.1688 206 | 4611862 | 566.60 | 2.06 | 5196225 | 2.06 | 4865761 | 711.873
2.08 3283414 208 | 4585434 | 564.30 | 2.08 | 4885281 | 2.08 | 4667401 | 682.917
21 326.3822 21 455.968 56074 | 2.1 476.5521 21 4466838 | 853.167
212 3233721 212 452.146 55588 | 212 | 456.7869 | 212 | 4264423 | 624.905
2.14 319.25 214 | 4475268 | 549.92 | 2.14 448 462 214 | 4059015 | 6D4.875
2.16 314.1428 216 | 4421689 | 54240 | 2.16 440.04 216 | 3849938 | 584.684
2.18 308.1163 2.18 436.165 53401 | 218 | 4315421 | 218 | 3655395 | 568.144
2.2 301.3744 2.2 4295802 | 52495 | 2.2 422 9888 2.2 364.9463 | 558.663
2.22 2940456 222 | 4224477 | 51470 | 222 | 4144004 | 222 | 3598326 | 548.823
2.24 286.3673 224 | 4148405 | 504.08 | 2.24 | 4057967 | 2.24 | 3542626 | 538.677
2.26 2786735 2.26 | 4068299 | 493.12 | 2.26 397.21 226 | 3482513 | 528.256
2.28 2713714 2.28 3984852 | 48211 | 2.28 | 3886722 | 228 | 3419732 | 517.566
23 264.6901 23 389 BV [ 49123 | 23 3B0.1776 23 334.8454 | 506.615
2.32 258.4019 2.32 381.0523 | 46040 | 2.32 | 3717423 | 232 | 330.8496 | 497.648
2.34 2521061 234 | 3720827 | 44944 | 234 | 3843158 | 234 | 3275011 | 504.931
2.36 2459028 2.36 363.0157 | 43846 | 2.36 | 4015316 | 236 | 327.0998 | 517.901
2.38 2527107 2.38 353.8987 | 43486 | 2.38 | 4176861 | 238 | 3299883 532.31
2.4 260.4095 24 3447742 | 43208 | 24 432.0884 24 332.2747 | 545.075

AY



8o Jbe o Jd
242 266.2202 242 33570459 | 42845 | 2.42 | 4443597 | 242 | 3339068 | 555.832
244 270.2697 244 | 3266984 | 42400 | 2.44 | 454.2333 | 2.44 | 3349038 | 564.347
246 2726591 2.46 317.7812 | 41872 | 246 | 461.7253 | 2.46 | 3352851 | 570.619
248 2734572 2438 3088773 | 41260 | 248 | 46b6.8822 | 2.48 | 335.0705 | 574.674

25 272.7455 25 3003076 | 40567 | 2.5 469.778 25 334.2801 | 576.571
252 2705246 2.52 2917898 | 39790 | 252 | 4705978 | 2.52 332.934 576.461
2.54 266.853 254 | 2834383 | 38928 | 254 | 4695634 | 254 331.053 574.531
256 261.7904 2.56 2752653 | 37987 | 256 | 4669581 | 256 | 328.6578 | 571.021
2.58 255.468 2.58 267.2805 | 369.73 | 2.58 | 4629814 | 258 | 325.7696 | 566.107

2.6 247 9767 26 2594914 | 35882 | 26 457 9118 26 3224099 | 560.028
2.62 239.4814 2.62 251.9036 | 347.57 | 2.62 | 452.0159 | 2.62 | 318.6007 | 553.014
2.64 230.1202 264 | 2445211 | 33507 | 2.64 | 4455429 | 264 | 3143641 | 545282
2.66 2219709 2.66 2373462 | 32496 | 266 | 4387207 | 266 | 309.7229 | 537.032
2.68 217.6549 2.68 230.3801 | 316.83 | 2.68 | 431.8061 | 2.68 | 304.7001 | 528.487

2.7 212.3463 2.7 2236292 | 30838 | 2.7 425.0002 2.7 2993194 | 519.824
2.72 206.1836 272 2171001 | 29941 | 2.72 | 418.3978 | 2.72 | 2936046 | 511.136
2.74 1993282 274 | 2107752 | 290009 | 294 | 4122831 | 274 | 301.9406 | 511.007
2.76 191902 2.76 2046508 | 28055 | 2.76 | 406.5879 | 2.76 | 3104663 | 511.569
2.78 184.0457 2.78 2059239 | 27618 | 2.78 | 401.5939 | 2.78 | 318.5583 | 512.588

2.8 179.3179 28 209.611 27584 | 28 397.2255 28 326.2588 | 514.035
2.82 1753991 2.82 2127941 | 27576 | 2.82 393.584 2.82 333.562 515.918
2.84 171.3779 284 | 2154782 | 27532 | 2.84 | 390.6836 | 2.84 | 3404098 | 518.181
2.86 167.2622 2.86 2176871 | 27452 | 2.86 3B88.465 2.86 | 3457354 | 520.701
2.88 163.0834 2.88 2194457 | 27341 | 2.88 | 38b6.9326 | 2.88 | 3525043 | 523.427

29 158.8509 29 2207982 | 27200 | 29 386.065 29 357.7167 | 526.314
292 154.5451 292 2217517 | 27029 | 292 | 385.7428 | 292 | 3623491 | 529.239
294 150.1888 294 | 2223297 | 26830 | 294 | 385929 | 2594 | 3664233 | 532.172
2.96 1458134 2.96 22256 26607 | 296 | 3865725 | 296 | 3699945 | 535.102
298 141 4084 298 2224700 | 263.60 | 298 | 387.5217 | 298 | 373.097 | 537.935

3 136.9753 3 2220007 | 26093 3 38B.8017 3 375.7587 | 540.704
3.02 132.5532 3.02 2214476 | 258.08 | 3.02 | 390.2183 | 3.02 | 378.0006 | 543.281
3.04 128.1139 304 | 2205698 | 25507 | 3.04 | 391.8112 | 3.04 | 379.83097 | 545684
3.06 123.6931 3.06 219.485 251.93 | 3.060 | 3934213 | 3.06 | 3811627 | 547.782
3.08 119.2886 3.08 2182268 | 248,70 | 3.08 | 395.0019 | 3.08 | 382.0117 | 549.508

31 114.8969 3l 216.8314 | 24538 | 31 3965485 31 382.3221 | 550.836
312 112.5947 3.12 2153111 | 24287 | 3.12 | 397.9672 | 3.12 | 3B2.0455 | 551.667
3.14 111.5486 3.14 | 213.7051 | 241.25 | 3.14 | 3992238 | 3.14 | 381.1623 | 551.964
3.16 111.7985 3.16 212.0437 | 239.71 | 3.16 | 400.2896 | 3.16 | 379.6556 | 551.697
3.18 112.1388 3.18 2103671 | 238.38 | 3.18 | 401.1547 | 3.18 | 377.5541 | 550.B83

3.2 112.5458 3.2 208.7086 | 23731 | 32 401.8271 3.2 374.8466 | 548.522
3.22 114.1808 3.22 207.1283 | 236.51 | 3.22 | 4022777 | 3.22 | 3715183 | 547.588
3.24 115.7923 324 | 2057328 | 236.08 | 3.24 | 402.5559 | 3.24 | 367.6697 | 545.190

AY



8o Jbe o Jd
3.26 | 117.7181 | 3.26 | 2063433 | 237.56 | 3.26 | 4027111 | 3.26 | 363.2362 | 542325
3.28 | 1198028 | 3.28 206.981 239.20 | 3.28 | 4027835 | 3.2B | 358.3343 | 538.108

3.3 122 2788 33 207.5478 | 24089 | 3.3 | 402.8259 3.3 | 3529154 | 535553
332 | 1247657 | 3.32 | 2080262 | 24257 | 332 | 4028735 | 332 347.104 | 531.778
334 | 1273223 | 334 | 2084113 | 24422 | 334 402.92 3.34 | 340.8539 | 527.755
336 | 1298784 | 336 | 2087111 | 24582 | 336 | 402939 336 | 334.2876 | 523.553
338 | 1323774 | 338 | 2089329 | 24733 | 338 | 402.8497 | 338 | 3273789 | 519.098

34 134.7833 34 209.0843 | 24876 | 34 | 4026322 3.4 | 3231135 | 516.250
342 | 137.0556 | 342 | 2001782 | 25008 | 342 | 402.2407 | 342 | 323.7425 | 516.33%
344 | 1391763 | 344 | 2092426 | 251.30 | 344 | 4016416 | 3.44 | 3239927 | 516.030
346 | 1411253 | 346 | 2092634 | 25240 | 346 | 4008159 | 346 | 323.8568 | 515302
348 | 1429159 | 348 | 20092766 | 25341 | 348 | 3907498 | 348 [ 3233153 | 514132

35 144 5668 35 209.2763 | 25435 | 35 [ 3984341 3.5 | 3223426 | 512498
352 | 1461356 | 3.52 | 209.288% | 25525 | 352 | 396.8824 | 3.52 | 3209626 | 510424
354 | 1476736 | 3.54 | 2093064 | 256.15 | 354 | 395.0785 | 3.54 | 3191377 | 507.873
356 | 149.167% | 3.56 | 209.3658 | 257.07 | 356 | 393.0204 | 3.56 | 3169258 | 504.883
358 | 1505589 | 358 | 2094446 | 25754 | 358 | 3907087 | 358 | 3143185 | 501447

36 1517869 36 2095758 | 25876 | 36 ([ 3881441 3.6 311.355 | 497582
362 | 1528238 | 362 | 2097556 | 25952 | 362 | 3853808 | 3.62 308.1 493 384
364 153.645 3.64 209.979 26018 | 364 | 3823285 | 364 | 3045773 | 488817
3.66 154236 366 | 2102746 | 260077 | 3.66 | 379.0445 | 366 | 300.8704 | 483.83%
3.68 | 1545952 | 3.68 | 2106309 | 261.27 | 3.68 | 3755484 | 3.68 | 297.0687 | 478.838

3.7 154.7278 37 2110432 | 26168 | 3.7 371.808 3.7 | 293.2685 | 473548
372 | 15486566 | 3.72 | 2115271 | 262.03 | 372 | 367.8446 | 3.72 | 2896214 | 46B.177
374 | 1543946 | 374 | 2120844 | 26233 | 374 | 3636571 | 374 | 2862166 | 462781
376 | 1539813 | 376 | 2126097 | 26258 | 3.76 358.26 376 | 2829724 | 457318
378 | 1534571 | 3.798 | 2133726 | 262.82 | 3.78 | 354.638 378 | 279.7417 | 451.68%

3.8 1528826 3.8 214128 263.10 | 3.8 | 349.8446 3.8 | 2764259 | 445872
3.82 | 152473 | 3.82 | 2148352 | 26352 | 382 | 344.8474 | 3.82 272.955 | 439.800
3.84 | 1522567 | 3.84 | 2157908 | 264.09 | 384 | 339.6628 | 3.84 | 2693049 | 433468
386 | 1518378 | 3.86 | 2167081 | 26460 | 385 | 334.3398 | 3.86 265455 | 426909
3.88 | 1512254 | 388 | 2176763 | 26505 | 388 | 3288560 | 3.88 | 2614431 | 420118

39 1504292 39 2186785 | 26542 | 39 ( 323.2305 3.9 | 257.2437 | 413100
3.92 | 1494589 | 392 | 2197214 | 26593 | 392 | 3174778 | 392 | 252.8889 | 405.887
394 | 1483282 | 394 | 2208056 | 266.00 | 394 | 311.63%3 | 3.94 | 2454085 | 398.52%9
396 | 147.04%6 | 396 | 2218056 | 266.20 | 396 | 305.7047 | 3.96 | 243.8193 | 391.028
398 | 1456342 | 398 | 223.0306 | 266.36 | 3.98 | 2906905 | 3.98 | 239.1543 | 383417

4 144 0966 4 224177 266.49 4 293.6131 4 2344336 | 375923

AD



8o Jbe

Voo b Jsl 4l 5eSilee Gl gealy il Slaslme Y0 Jgaz aslol

RUNS RUN10 SRES9&10 AVERAGE OF Sa

Tizec) | BSAjcmizec?) | Tsec) |EBSA{cm'secl) SES5 (cmisec)

0 343.35 0 34335 4855702 4855702 343.35
0.02 343.3863 0.02 343.5654 485.7482 485 8154 423,465

0.04 344 5514 0.04 344 2591 487 0838 4870092 50358
0.06 346.5495 0.06 345.4643 489 3285 489.0365 583.695

0.08 349.3595 0.08 347.1828 492 5322 491 9344 663.81
01 353.0677 0.1 349.433 496.7497 495 721 743925
0.12 357.7369 012 352.2396 502.0442 500.5015 824.04
0.14 363.4856 0.14 355.6805 5085572 506.442 904155
0.16 370.4436 016 3597704 516.3944 5135817 944 3125
0.18 378.7949 018 364.652 525.7915 522.1499 944 2125
0.2 388.6634 0.2 370.3367 536.8505 532.1566 944 2125
0.22 400.4738 0.22 377.0707 550.056 544 G648 944 2125
0.24 414 5814 0.24 384.9035 565.7106 5593622 944 2125
0.26 431.5417 0.26 3942407 5845117 576.8761 944 2125
0.28 452 1707 02& 405 265 607 2051 5980405 944 2125
0.3 477 8265 0.3 418.5325 6352068 £26.1989 944 2125
0.32 509.0548 032 434 663 669.3793 6654312 944 2125
0.24 550.39938 0.34 454 7359 713.9501 7220819 944 2135
0.36 603.3288 0.36 479.7006 770.7907 809.961 944 2125
0.38 673.3167 038 515.2047 847 8156 959.3909 944 2125
04 660.4005 04 713.4284 972 1671 1157.34 944 2125
0.42 738.6937 042 B20.4757 1104.015 1289862 944 2125
0.44 918.5199 0.44 763.6386 1194 497 1274593 944 2125
0.48 1107 255 046 5674702 1292 B77 131416 944 2125
0.48 1284231 0.48 622.6359 1427208 1369.017 944 2125
0.5 1373.236 0.5 5864087 1493 202 1378.924 944 2135
0.52 1296955 0.52 715.6114 1481 284 1353.741 944 2125
0.54 1142195 0.54 831.8553 1413008 1373.914 944 2125
0.56 1005.153 0.56 883.5193 1338259 1397.094 944 2125
0.58 205.715 058 B86.1372 1267 106 1386.639 944 2125
0.6 850.0389 0.6 237.039 1192 98 1330.985 944 2125
0.62 815 3472 062 B27.1622 1161 46 1309611 944 2125
0.64 791.0108 0.64 893.3085 1193188 1312 258 944 2125
0.66 7592.781 0.66 925.7551 1218 821 1318.716 944 2125
0.68 B75.3689 0.68 888.7514 1247 457 1331.321 944 2125
0.7 DEE 3276 0.7 255.658 1307.265 1357.132 944 2125
0.72 1088.835 0.72 B66.7935 1391.723 1382.177 926.6451
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0.74 1110.292 0.74 867.65942 1409.128 1372.696 909 8726
0.76 1061.497 0.76 830.1875 1347 586 1303.995 893.8321
0.78 Q58.6338 0.78 766.5055 1227.359 1264127 878.4938
0.8 874.6354 0.8 678.0171 1106659 1232.065 863.7905
0.82 863.0927 0.82 583.0829 1041.592 11597.062 349 6874
0.84 B48.7445 0.24 335.5148 1003.565 1178.339 836.1462
0.86 829943 0.86 548.454 994 8066 1181.989 823.1319
0.88 807.1139 0.88 582.0101 9950722 1194 097 810.6125
09 778.6023 09 583.6998 9731017 1182.073 798.5585
0.a2 7492494 0.92 527.2362 9161619 1155.028 786.9428
.24 776.3402 094 460.8185 902 8055 1124 305 775.7406
0.96 7986075 0.96 447 8247 9155987 1107.29 764.9286
0.28 784914 0.98 420.8304 8906111 1118.262 754 4857

1 723 8557 1 401.7787 827 BB48 1121171 7443921
l.02 707.3552 102 403.2979 814 2485 112226 734.62594
loa 708.1551 104 423.2126 824 9803 1119.945 725.1806
1.06 724.5245 1.06 448 4259 852.069 1112.09 716.0299
1.08 748.5586 1.08 471.234 884.5354 1098.831 707.1625
11 802.1985 11 4923822 941.2559 1088.066 698.5647
112 883.5407 112 504.1943 1017.279 1087.092 690.2235
114 973.8049 114 511.8589 1100.181 1083 646 682.1269
1.16 1050.78 116 5221548 1173.364 1070.465 674.2637
1.18 1101.762 118 535.0853 1226.577 1052 457 660.6232
12 1121249 12 563.0828 1254.685 1029 355 659.1955
1.22 1110.785 122 590.6474 1258.057 1013.727 651.9714
1.24 1076.831 124 616.0327 1240.589 9984904 644.9419
1.26 1029629 126 634.1744 1209.262 Q87 8862 638.0920
1.28 QB0.B225 128 641.5719 1172.018 993 9197 631.4347
13 241 5804 13 636.9997 1136.812 995 6609 624.9417
1.32 Q18.2826 132 621.1548 1108.637 924031 618.6131
134 924 7752 134 631.851 1120.02 992 5563 G612 4423
1.36 Q44 a0l4 136 6429135 1142 88 9851015 606 4232
1.38 9659617 138 6463197 1162.244 973.4889 600 5498
14 979.4292 14 643.7378 1172.041 2656579 554 8166
1.42 978.103 142 637.8901 1167.728 2676416 589.2182
144 958.3483 144 631.5004 1147.704 971.1819 583.7498
1.46 915.2508 146 626.0917 1112211 Q687544 578.4065
1.48 862.919 148 6223944 1063.957 956.1329 573.1838
15 794 1558 15 620.0208 1007.526 9334721 568.0775
152 71B.5789 152 617 8815 947 6989 Q07.2004 563.0833
154 642.5563 154 614.7435 8B9. 2627 882.8716 558.1975
1.58 628.8169 156 609.4124 875.6678 872.4667 553.4164
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1.58 613.6093 158 600.9699 858.8837 865.4471 548 7363
16 592.9369 16 589.0518 8357967 856.8553 5441539
1.62 568.942 162 573.7835 808.0362 850.1363 539.6660
164 543.2985 164 555.8068 FI7.2351 842 2405 535.2695
1.66 517.9115 166 535.8121 7452026 835.2761 5309615
1.68 424 1489 168 514.6208 713.4548 823.6735 526.7391
17 473.1799 17 493,145 683.4407 807.7206 522.5997
1.72 466.2969 172 472.1945 663.6267 792.3748 518 .5406
174 473 9988 174 452 5162 6553211 777042 514.5545
1.76 481.0198 176 434 5603 6482459 763.5177 510.6539
1.78 4879438 178 418.475 642 8145 747 6463 506.8215
18 495,349 18 404.5092 6395298 735.1958 503.0603
1.82 503.6202 182 392.4452 638.4708 725.1501 499 3681
184 512.7915 184 3821584 6395318 713.8177 43857429
1.86 522 3398 186 373.3355 6420423 702.0699 432 1828
1.88 531.896 188 365.6691 645 4667 691.04%4 488 6859
19 540.5279 119 358.9294 648 8457 679.3237 4852505
192 547.5152 192 352.7674 651.32 6657405 4581.8743
194 552.1569 194 3469972 652 1383 650.5693 478.5573
1.96 553.9311 196 341 4661 650.7217 036.4349 475.2962
1.98 552.5371 198 336.0498 646.7045 621.6376 472.0901

2 547.7425 2 330.6471 639.8042 606.2746 458 9376
2.02 546 4544 2.02 3251852 635.9 595.2151 455.8372
2.04 548.5189 2.04 319.7183 634.8959 3863894 452 78T
2.06 546.9179 2.06 314.1852 630.7389 5777205 459 7872
2.08 541.6865 2.08 308.5914 6234203 567.9507 456.8351
21 532.9535 21 302.9162 613.0234 557.9915 453.9300
2.12 520.9356 212 2971089 5997063 547.3231 451.0706
2.14 505.919 2.14 291.1115 583.6951 538.8652 448 J558
2.16 488 2419 216 284 7881 5652295 5292101 445 4545
2.18 468.2781 2.18 278.0325 5445975 519.7816 442 7556
2.2 451.2059 2.2 270.7449 326.203 53119886 4400681
2.22 4403422 2.22 262.8403 5128219 504932 4374211
2.24 428.0466 2.24 2542553 497 8651 497.342 434 8135
2.26 4145531 2.26 244973 4815247 4893417 432 2445
2.28 400.0211 2.28 234.9505 463.9166 480.9985 4297130
2.3 384 5987 2.3 2267479 445 4647 472,631 427 2183
2.32 368.5248 232 22996564 434 3905 465.706 424 7595
2.34 351.9943 2.34 232.637 4219241 462.616 422 3357
2.36 340.6613 2.36 2347027 4136852 462 7776 419 9453
2.38 333.3512 2.38 2361118 408.4995 4653335 417.5903
2.4 325.3778 2.4 236.8196 402.4354 4675123 415.2671
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2.42 316.9226 242 236.7888 395.612 468 8741 412 9760
244 308.1062 2.44 235.9905 388.0991 469.3209 410.7162
245 299.0383 2.46 2344042 379.9595 491244 408 4871
248 289 8454 2.48 232.0179 371.2717 468.3924 406.2879
2.5 280.6586 2.5 228.8719 362.1486 4668067 404 1182
2.52 271.6152 2.52 2257976 353.2129 454.4719 401.9771
2.54 2627734 2.54 2285488 3482591 4621559 399 8642
2.56 254 2167 2.56 231.1176 3435716 4591167 397.7789
2.58 246.1138 2.58 233.5359 3392801 455.4136 395.7205
2.6 2384287 2.6 235.7892 3353279 451.0834 393.6886
2.62 231.3124 2.62 237.8572 331.7853 4471042 391.6825
264 224 7484 2.64 239 7862 3286476 447 4723 389.7018
2.66 2187624 2.66 2415104 3258593 437.5209 387.7460
2.68 213.409 2.68 243 0969 3234803 432 6702 385.8145
27 208 6683 27 244 2975 3214366 4279223 383.9069
2372 204.50892 2372 2457221 319.6526 4231259 382.0226
274 200.9048 274 246 8059 3182387 421 8462 380.1614
2.76 197 8157 2.76 247 6985 316.9946 4202838 378.3226
2.78 1952058 278 248.4519 3159646 419 466 376.5060
28 193.0275 28 249049 3150953 4191487 374.7109
2.82 191.1944 2.82 249 4726 314.3118 418.5947 3729371
284 189.6391 2.84 249 7781 3136114 4177058 371.1842
2.86 188.2959 2.86 2459361 3129271 416.4708 369.4517
2.88 187.1453 2.88 2499438 312.2423 414.927 367.7393
2.9 186.0682 2.9 249 8319 311.5082 414 8532 366.0466
292 185.015 292 249 6093 310.7014 4149408 3e4.3732
294 1839668 2.94 2492627 309.7994 4149202 362.7189
2.96 182 8087 2.96 248 8042 308.7435 414 6691 361.0832
298 181.5758 2.98 248 2459 3075643 4141937 359.4658

3 180.1425 3 247.5999 306.1977 413 4814 357.8664
3.02 178.5536 3.02 246 8784 304.6807 4125303 356.2846
3.04 176.7151 3.04 2460928 3029685 411 3354 354.7203
3.06 174 6388 3.06 2452545 301.0789 4099012 353.1729
3.08 172 303 3.08 244 3738 299.0098 4082053 351.6424
31 169.6658 31 243 4631 2967503 4062663 350.1283
3.12 166.767 312 24256892 294 3855 404 2783 348.6304
314 163.5671 3.14 2417022 291 8451 402.192 347.1485
3.16 1e0.0558 3.16 240,897 289.2218 399914 345.6822
3.18 156.2805 3.18 240.1899 2865568 3974801 344 2313
3.2 152 213 3.2 239.5659 283.832 394 8951 342.7955
3.22 147 854 3.22 239.0097 281.0453 392 8942 341.3745
3.24 1432577 3.24 238.4956 2782138 3911074 339.9683
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3.26 138.4053 3.26 237.9905 2753098 3804537 338.5764
3.28 133.3037 3.28 237.4712 2723278 387.603 337.1986
3.3 133.8831 3.3 236.93 2721406 3861089 335.8348
332 134 7687 3.32 236.3623 2720841 384 4445 334 4347
134 1353998 3.34 2357518 271 8676 382 5598 333.1481
336 135 8099 3.36 235.096 2715041 3806984 331.8248
3.38 135 9692 3.38 234.393 2709755 AT T265 330.5145
3.4 135.8701 3.4 233.6415 2702758 3771802 329.2171
3.42 135.5434 3.42 232.8407 269.4194 376.261 327.9324
344 1349745 3.44 231.9902 268.3983 3750799 326.6601
3.46 1341574 3.46 231.0906 267.2098 3736436 325.4001
3.48 1331087 3.48 230.1425 265.8637 3719549 3241521
3.5 131.8479 3.5 2291475 264.3718 3700527 3229161
352 130.3584 3.52 2281076 2627287 368178 321.6918
354 128 6404 3.54 2270266 260944 3660783 320.4790
3.56 1267468 3.56 2259124 259.0389 363776 31927975
3.58 124 8936 3.58 2247603 2571295 3612893 318.0873
3.6 1238035 3.6 223.5735 255.5629 358.70738 316.9081
.62 122.5785 362 2223552 253.9042 3559554 315.7398
jed 121.24 3.64 2211089 2521672 353.0373 314.5822
366 119.7927 3.66 2198384 250.3582 3499514 313.4351
3.68 118.2256 3.68 218.5472 2484757 3468126 312.2984
3.7 11558 3.7 217.2392 246.5436 3435551 311.1720
3372 115 3885 3.72 2159179 244 8164 3402944 310.0557
374 116.7971 3.74 214 5867 244 3134 3372578 308.9494
376 118.1302 3.76 2132598 2437919 334 6475 307.8528
3.78 119.3851 3.78 211.9311 2432438 332.3299 306.7660
3.8 1205744 3.8 2106029 242 6763 3299601 305 6388
3.82 121.6921 3.82 209 2834 242 0919 3275457 3046207
384 122 7369 3.84 207.9793 241.4948 32509086 303.5621
3.86 1237208 3.86 206.6809 240 8814 3225597 302.5126
3.88 124 6398 3.88 205.4048 2402628 3199525 301.4722
3.8 1254927 3.9 204.1368 2396252 3174746 3004406
392 1262866 3.92 2028812 2389751 31495 2994178
394 127.0266 3.94 201.6393 238.2153 3123715 298.4037
3.96 1277086 3.96 2004009 2376342 309,736 297.3981
388 128 336 3.98 199.167 236934 307.058 2964010

4 125914 4 197943 23622 304 338 2954122
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SUMMARY

Significance of lifelines like roads, bridges, dipes and tunnels emphasize a need to more accurate
design of these structures. In conventional metteddseismic analysis of bridges, it is assumed thaing
earthquake, different piers are subjected to theessupport excitation. However this assumptionaistrue
for long bridges. Due to the delay in arrival ofsseic waves as well as change in seismic wavesewhil
passing through soil layers. The difference in suppxcitation of different piers may lead to exxagress
and displacement of bridge. In this paper the eféenulti support excitation on response of lomglges, is

considered.

Keywords: multi support excitation, wave passadecefloss of coherency, dynamic analysis.

1. INTRDUCTION

As the real records of strong motion arrays shawind an earthquake, the motion of the ground
changes, in both amplitude and frequency. The gaatke waves travelling through the ground thus
enforce two types of differential motion on struelusupports. The first type is caused by thedinit
speed of wave propagation, as a result of whicpedging on relative distances away from the
source, different points of contact between a strecand the ground, receive the ground waves at
different times. The second type is due to the tlaat the earthquake waves received by different
structural supports are not uniform and changeripléude and frequency away from their source.
The first type of different support motion is temirgsynchronous support excitation and the second
type is sometimes known as non-uniform supporttation. To highlight the difference between
these two differential support motion, it can bédstnat in an asynchronous excitation, two
different structural support points undergo exattly same motion( in amplitude and frequency)
but with a time shift. whereas, in a non-uniformcigation, the two support points undergo
modified(in amplitude and frequency) versions ot teame ground motion. In reality, the
earthquake ground motion reaches two distant stiggmonts of a structure both asynchronously
and non-uniformly.

Variability of ground motion can be attributed kese causes:

i. Wave passage effect: Due to difference in aftimaes of seismic waves at different locations.

ii. Incoherence effect: Due to multiple reflectiand refraction as seismic waves propagate through
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the soil layers.

iii. Local site effect: Change in the amplitude afnéquency content of ground motion due to
different local soil conditions.

When the dynamic response of structures is analytbeduniform input is acceptable for small
structures, but not for long structures like datmsgdges and extended pipelines. In fact, long
structures are proved to be very sensitive to #r@bility of the seismic ground motion. Therefore,
it is necessary to spatially use the correlatednsiei ground motion for input, when the dynamic
response of these structures is analyzed.

Spatial variation of seismic ground motions ha®ired much attention following the installation
of dense earthquake monitor arrays. In partictlee,SMART-1 (Strong Motion Array in Taiwan)
has provided an abundance of data for various madmrecords that have been extensively studied
by scientists. In recent years, a wide varietyawhhiques to simulate spatially variable seismic
ground motions have been proposed (Hao et al.,;1088te et al., 1992; Ramadan and Novak,
1993; Zerva, 1992 and 1994). Among them, one cormynosed method is the spectral
representation method (Zerva, 1992 and 1994). ARN&Atoregressive- moving-average)
technigues (Conte et al., 1992) and the coheramnustibn approximation method based on Fourier
series (Ramadan and Novak, 1993) have also beensixtly employed. Applying the theory of
Hao et al. (1989), Dong et al. (2007) presenteih@roved local convergent method to simulate
multi-point earthquake ground motions. Zerva andvde (2002) suggested that an appropriate
simulation technique should be successful in matckiie characteristics of the simulated motions
with those of the target field, with a substansial/ings in the cost of computation. However, the
power spectrum computed from synthesized seisnaiangt motions generated by using the above
methods cannot adequately match the prescribedrmpeetrum. Therefore, the fi tted method for
seismic ground motions with a target spectrum hesnbadopted by researchers. Using the
transition relationship between the response spmcand the power spectrum, Chen et al. (1983)
synthesized artificial earthquake ground motiorttedi with the standard response spectrum.
Considering phase spectrum through the phase tiommg¢echnique, Hu and He (1986) suggested a
simulated ground motion method from the responstspm. Based on the phase difference
spectrum, generating a non-stationary ground matidsoth the time and frequency domains was
proposed by Yang and Jiang (2002).

In this study, the differences of a medium spaid®&imodel response, regard to non-stationary
stochastic vector process for generating seisnaigrgt motion, in two case of uniform and multiple
support excitation analysis, considered.

2.THEORY OF SIMULATION ACCELERATION TIME HISTORY

Consider a 1D-nV (one dimensional, n-variant) ntatisnary stochastic vector process with
components Jf(t), £.2(t), ....£2(t), having mean value equal to zero:

gfw]=0 ,j=12..n
and cross-correlation matrix equal to:

R101(t1t+r) Rloz(t!t"'r) Rlon(t,t+2')
Ry(tt+7) R),(t,t+7) -+ RS (t,t+7)

1)
RO(t,t+7) = (2

Rutt+7) RL(tt+7) - RU(Lt+7)
with Fourier transform of the cross-correlation mathe cross-spectral density matrix given by:
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Si@t) Sy@t) - Si(wb)
SO(C(), t) - SZl(a)! t) SZZ(a)nt) : SZn (C(),t)
S,?l(w,t) Sr?z (&),t) Sr?n(w! t) (3)

Where t andr indicate "time" and "time lag" respectively. Thkeraents of the cross-spectral
density matrix are defined as below with adoptimg theory of evolutionary power spectra for non-
stationary stochastic processes:

S (w)t) :|Aj(a),t)|25j (o), j=12,...n “
Si(wt) = A(w ) A(w1),/S, (@)S ()T, (w), i k=12,....n jzk -
Where

A(,1), j=1,2,...,n are modulating functions gi(f), £,(t), ...,;(t) respectively;

S(®) , j=1,2,..,n are the stationary power spectrahsity functions of f(t), f.°(t), ...,i(t)
respectively;

Ti(®), j,k=1,2,...,n, j#k are the complex coherengecfions between’t) and £°(t).

As a result, the elements of the cross-spectradigematrix S(w, t), satisfying:

Sl (wt) =S (-w), j=12,n ©
Si(w,t)=8?;(—a),t), J!k:lz,,n; J ¢k, (7)
Sy (wt) =S} (wt), j,k=12--,nm; j 2k @)

To simulate a one-dimensional, n-variant non-siatip stochastic process with time and frequency
modulation at every time instant t, based on thel€iky’'s method, cross-spectral density matrix
(o, t) can be decomposed into the following:

S’(w,t) =H(w t)H" (w,t)

9)
Where Hf, t) is a lower triangular matrix :
H,(wt) 0 0
H,.(wt) H._(wt) --- 0
My =| 0 T T
Hnl(wﬂt) Hnl(w!t) Hnn(wﬂt) (10)
where
H,(wt)=H,(-wt), j=12---,n wn
Hy (@t =[H (@™, j=k+lk+2-nm  k=12--,n-1 (12)

0, (wt) =arcta %MD
RgH K (a),t) 3}{1

Im and Re denoting the imaginary and the real gfaatcomplex number, respectively.

Once the cross-spectral density matfiX@ t) is decomposed according to Egs. (9)& (10),rtbe-
stationary stochastic vector proceﬁs(tb (i=1, 2,..., n) can be simulated by the follog series
(Deodatis, 1996):

fi(t)= ZZn:ZN:|Hjm(Cq,t)|\/E)Xcos[cqt -6,.(«,t) +¢m|], j=12---,n
m=1 |=1 (14)

Vo



o¥lio \ G

Where
@:IAOJ, I::LZ!"'!N (15)
Aw= “

N (16)

g ( t)—arcta{%wn
m{&l: ReH (1) a7

y, represents an upper cut off frequency beyond wthiehelements of the cross-spectral density
matrix in Eq.(3) are assumed to be zero for ang tinstant t. The, (m =1, 2,...,n, 1 =1, 2,...,
N) in Eq. (14) is a sequence of independent rangbase angles distributed uniformly over the
interval [0, Zi].

The samples produced in this way are asymptoti€adlyssian as N« because of the central limit
theorem and ergodic in the autocorrelation.

For the special case of uniformly modulated notiestary stochastic vector process, the
modulating functions Ao, t) (j = 1,2,..., n) are independent of the frequenc

A (@) = A, j=12-+n (18)

In such a case, the components of the non-stagiat@chastic vector process can be expressed as:
O = O | = e

where le(t) (i=1, 2,..., n) are the components of the etaiy stochastic vector process, having

mean value equal to zero:

fue®]=0 j=12..n

(20)
The stationary cross-spectral density matrix iegitsy
S(w) S(@WS,(IMN,(@) - JS(D)S, (I, (@)
(@) = S(@)S(W)l,(w) S, (@) = S(W)S (D, (@)
S(DS(WIMy(0) {S(WS,(IN,(0) - S\(@) (21)

Where the elements of this matrix have been defimé&tjs.(4) and (5).

To simulate the one-dimensional, multi-variantistary stochastic procesﬁ(tl) (i=1,2,..,n),its
Cross-spectral density matriX @) must be decomposed into the following producCinplesky’s
method.

In above equation, superscript T denotes the tumespf a matrix; L) is a lower triangular
matrix:

;1 () 0 0
L(c) = |21(:|w) Izzgw) 0
Inl(i C()) In2 (I C()) In”(w) (23)

Generally, diagonal elements are real and non-iveghinctions ofw and off-diagonal elements
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are complex functions @j.

When the cross-spectral density matrix @0is decomposed by Egs. (22)&(23), the synthesized
expression jt) from the stationary stochastic vector procq%(a;)ujj =1, 2,..., n), can be simulated
by the following series (Hao et al., 1989), insted&q. (14):

n N
uj(t):ZZAjm(@)-Cos[m+9jm+¢m|] ’ J =12---,n

m=l =1 (24)
where amplitudes A(wl) and phase anglég,(ol) are to be determined by considering correlation
relationships between location j and g, is the random phase angle uniformly distributeerdtie
interval [0, Zi].
The amplitudes and phase angles in Eq. (24) caxfressed as

An(@) =V400) ()|

Im Ijm (Cq) ]
Therefore, the stationary stochastic processds$ (i(1, 2,..., n) are obtained based on Eq. (24).

(25)

0,,(w) = arctarE

3. Numerical example

For represent an example of mentioned method foergéing non-stationary time
history acceleration along the direction of thessgc wave propagation, consider a bridge
with seven supports and spans 45 meters over medtiffness soil that modeled in
SAP2000 computer program to perform the non-linlgaamic time history analyses.

The example bridge is a three-span concrete badegibridge with the following
features:

Abutments: The abutments are connected to therhaifdahe box girder only

Bents: There is two interior bent with three 11@toweters square columns.

Deck: The deck is a Concrete Box Girder with a mahdepth of 150 centimeters and
total width 1100 centimeters. The deck has a pdéi@ahariation in depth from 150
centimeters at the abutments to a maximum of 3@@reters at the interior bents support.

Spans: The bridge has three spans of approximéb€lycentimeters each.
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Figure 1. Bridge model

In order to simulate the multiple-support seismrmaupnd motions, three components
are required:
I. Power spectral density function; Il. Coherengagdtion; Ill. Modulating function.
The power spectral density function of the groumdeteration characterizing the
earthquake process at supports is assumed tothe fifllowing form given by Clough and
Penzien:

1+4&2 (0/,) 0/eg)*
5@ =5, +4& (0 oy) ]. [[ (@/0g) T @27)

N=(e/o )T +45(0/oy,)? 1-(0/o ;)T +4¢(0/0,)

Where g is a scale factor depending on the ground motmensity; mg and&g are
filter parameters of the Kanai-Tajimi model reprasey the natural frequency and
damping of the soil layer at every support, redpelyt; andey andg; are the parameters of
a second filter, which is introduced to assurenédipower for the ground displacement.
For medium stiffness soil with wave velocity of Ta8ec,og = 10.0 rad/sedy = 0.4,y
= 1.0 rad/seds; = 0.6 (Der Kiureghian and bNeuenhofer, 1992).

The coherence function adopted is one of the eogbimodels suggested by Qu et al.
(1996), as

: . d,
¥ m(i0.d ) = exp(-a(o)d )exp[—lmﬁ ]
app
Jj-m=1234j+m (28)
Where g, is the horizontal projected distance along the evpropagation direction
between location j and mypys is the apparent wave velocity, andop@nd bf) are the
functions of frequency that can be expressed as

a(o)= alco2 +a,

b(o)=bo +b, (29)
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Where a, &, by and b are empirical parameters. For medium stiffnesls ao+ 1.678e
-5, =1.219e -3, b=-5.5e -3, b= 0.7674 (Qu et al., 1996).
The modulating function chosen in this study isspreed by Monti et al. (1996) as

(30)

Where { and § are the ramp duration and decay starting timgeas/ely; tax is the
time-history duration; anfl is the ratio of the envelope amplitude g to that during the
stationary phase;(K t < ty). The parameters used in the modulating functremza= 3 sec,
to = 13 sec,ax = 24 secp = 0.02.

The generated acceleration time histories are showigure. 2. Also to account local
site effect, it is necessary that smoothed respspsetrum of the generated acceleration
time histories be compatible with prescribed resgospectra; for this purpose, we can
update primary power spectral density function.
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Figure 2. Generated acceleration time histories in supdrtise bridge

The bridge model analyzed twice: first under umfoexcitation; In this case, the
generated acceleration time history in first suppat direction of seismic wave
propagation, applies on other supports. Secondrundéiple excitation; In this case, the
generated acceleration time history in every suppapplies on same support.
30%Transverse earthquake spots too.

To compare results, bending moments at all middigpsrts and displacement at
longitudinal direction along bridge, show in Fig3.

—
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—. 25000

.

= 20000
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5000 "r
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Figure 3. Bending moment of middle supports
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3. CONCLUSION

In this paper, we first generate stationary aceélem time histories at all supports of a
bridge model, then multiply them by modulating ftioo to generate non-stationary
acceleration time histories. Then perform non-linéme history analysis on assumed
bridge model.

The results show that even for this moderate lemgidge model, multiple support
excitations can increase the response of the brislgehe use of identical excitations is
unacceptable for these bridges as example of tilnity s
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Abstract

Significance of lifelines like roads, bridges, dipes and tunnels emphasize on more
accurate design of these structures. In conventimethods of seismic analysis of bridges,
it is assumed that during earthquake, differentspere subjected to the same support
excitation. However, this assumption is not true ltlng bridges and different supports
undergo different excitations. This difference ktigations is attributed to the time delay in
arrival of seismic waves as well as changes imseisvaves while passing through soil
layers. The differences in support excitation dfedent piers, may lead to amplify stress
and displacement of bridges. In this thesis, theergion of artificial time history
acceleration at bridge supports and the effect oltirsupport excitation on response of
bridges are studied.

Keywords: multi support excitation, wave passagdeceftime history acceleration,
acceleration spectra



