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Tab.2 Ground motion records

%' Hi 44 K Bl My R./km o /(m-s') PCA/g Fht/s
1 1989 Loma Prieta Alameda Naval Air Stn Hanger 6.9 71.00 190 0.268 29.590
2 1989 LomaPrieta Branciforte Dr. 6.9 10. 70 376 0. 481 19. 965
3 1989 LomaPrieta Hollister South and Pine Streets 6.9 27.90 371 0.371 55. 880
4 1989 LomaPrieta Capitola 6.9 15.23 289 0.511 39.990
5 1989 LomaPrieta Sunnyvale, 1695 Colton Ave. 6.9 24.20 268 0.207 37.790
6 1989 LomaPrieta Saratoga - Aloha Ave 6.9 8.50 381 0.515 39.990
7 1989 LomaPrieta Gilory Array #7, Mantelli Ranch 6.9 22.70 334 0.323 38.395
8 1989 LomaPrieta Gilory Array #3, Sewer Farm A 6.9 12. 80 350 0.555 38. 830
9 1989 LomaPrieta Oakland, outer harbor wharf, 14th St. 6.9 74. 30 249 0.269 39. 980
10 1989 LomaPrieta Stanford University, Parking garage 6.9 30. 40 371 0.220 35. 400
11 1994 Northridge Arleta -Nordhoff Fire Sta 6.7 8. 66 298 0. 345 39.980
12 1994 Northridge Los Angeles, 607 Westmoreland Ave. 6.7 26.70 315 0.362 28. 830
13 1994 Northridge Beverly Hills - 14145 Mulholland 6.7 17.15 356 0.443 29.980
14 1994 Northridge Canoga Park - Topanga Can 6.7 14.70 267 0.358 24. 980
15 1994 Northridge Canyon Country - W LostCany 6.7 12. 44 326 0. 404 19. 980
16 1994 Northridge Castaic -Old Ridge Route 6.7 20.72 450 0.568 39.980
17 1994 Northridge Glendale - Las Palmas 6.7 22.21 371 0. 365 29. 980
18 1994 Northridge Canyon Country, 16628 W. LostCanyon Rd. 6.7 12.40 309 0.410 19. 830
19 1994 Northridge LosAngeles, University Hospital 6.7 34.20 376 0.493 34.220
20 1994 Northridge LA -Centinela St 6.7 28.30 322 0. 449 29. 980
21 1994 Northridge Sylmar, County Hosp. Parking Lot 6.7 5.30 441 0. 604 39.300
22 1994 Northridge Los Angeles, Obregon Park 6.7 37.40 349 0.563 39. 460
23 1994 Northridge N Hollywood - Coldwater Can 6.7 12.51 326 0.309 21.910
24 1994 Northridge Newhall - FireSta 6.7 5.92 269 0.583 39.980
25 1995 Kobe Kakogawa 6.9 22.50 312 0. 240 40. 950
26 1995 Kobe Shin-Osaka 6.9 19.15 256 0.225 40. 950
27 1979 Imperial Valley El Centro Array 8, 95 E. Cruikshank Rd. 6.5 3.90 206 0. 454 36.715
28 1979 Imperial Valley Bonds Corner, Hwys 115&98 6.5 2.70 223 0.775 36.735
29 1979 Imperial Valley SAHOPCasa Flores 6.5 9. 60 339 0. 506 14. 100
30 1979 Imperial Valley Agrarias 6.5 0.70 275 0.370 27.920
31 1979 Imperial Valley Calexico Fire Station 6.5 10. 50 231 0.275 37.020
32 1979 Imperial Valley Chihuahua 6.5 7.30 275 0.254 38.780
33 1979 Imperial Valley Delta 6.5 22.00 275 0.238 96. 000
34 1992 Landers Coolwater 7.3 19.70 271 0.417 27.492
35 1992 Landers JoshuaTree, Fire Station 7.3 11. 00 379 0.284 43.980
36 1992 Landers Yermo Fire Station 7.3 23. 60 354 0. 245 43.960
37 1999 Kocaeli Turkey Sakaya 7.5 3.10 471 0.376 29.610
38 1999 Kocaeli Turkey Yarimca 7.5 4.80 297 0. 349 29. 465
39 1999 Chi-Chi, Taiwan TCU079-090 7.6 11. 00 364 0.743 65.755
40 1999 Chi-Chi, Taiwan TCU095-000 7.6 45.20 447 0.712 69. 135
41 1999 Chi-Chi, Taiwan WGK-000 7.6 10. 00 259 0.484 52.395
42 1999 Chi-Chi, Taiwan TCU067-000 7.6 0. 60 434 0. 325 65.925
43 1999 Chi-Chi, Taiwan TCU078-090 7.6 8.20 443 0. 444 66. 435
44 1999 Chi-Chi, Taiwan CHY101-000 7.6 10. 00 259 0. 440 67. 595
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45 1999 Chi-Chi, Taiwan TCU095-090 7.6 45.20 447 0.379 68.235
46 1999 Chi-Chi, Taiwan CHY041-000 7.6 19. 80 492 0. 639 67.520
47 1999 Chi-Chi, Taiwan CHY088-000 7.6 37.50 273 0.216 63. 880
48 1999 Chi-Chi, Taiwan TCU079-000 7.6 11.00 364 0.393 66. 490
49 1999 Chi-Chi, Taiwan CHY036-090 7.6 16.10 233 0.294 73.420
50 1999 Chi-Chi, Taiwan CHY101-090 7.6 10.00 259 0.353 67.030
51 1987 Whittier Narrows Tarzana, Cedar Hill Nursery A 6.0 41.20 257 0. 644 38.775
52 1987 Whittier Narrows Garvey Reservoir Control Building 6.0 14.50 468 0.457 25.365
53 1987 Whittier Narrows Los Angeles, Obregon Park 6.0 15.20 349 0.450 38.065
54 1987 Superstition Hills Superstition Mountain, Site 8 6.5 5. 60 362 0. 682 22.130
55 1987 Superstition Hills El Centro, Parachute Test Site 6.5 1.00 349 0.377 22.300
56 1987 Superstition Hills Poe Road-temporary 6.5 11.20 208 0. 446 22.290
57 1987 Superstition Hills  El Centro, Imperial Co. Center grounds 6.5 18.20 192 0.358 39. 140
58 1987 Superstition Hills Bonds Corner, Hwys 115&98 6.5 39. 00 223 0.281 14.990
59 1987 Superstition Hills Westmorland 6.5 13.00 194 0.211 38. 580
60 1987 Superstition Hills Calexico Fire Station 6.5 28.90 231 0.210 14. 990
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Seismic displacement demand analyses for pile-supported wharves based on
equivalent single-degree-of-freedom models

GAO Shufei', FENG Yunfen', GONG Jinxin®
(1. School of Architecture and Civil Engineering, Liaocheng University, Liaocheng 252000, China; 2. State Key
Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract; In the displacement-based seismic design method for the pile-supported wharves, the key is to determine
seismic displacement demand accurately and reasonably. In the displacement demand analysis methods, the
nonlinear time-history analysis method can address the uncertainty of the ground motion well. However, due to the
complex pile-soil interaction, the computation cost will be huge when the time-history analysis is carried out directly
on the wharf structures. In order to estimate the seismic displacement demands of the pile-supported wharves with
simplicity, an equivalent single-degree-of-freedom ( SDOF) model for nonlinear time history analysis is proposed in
this study. The simplified model is able to represent the deterioration of strength and stiffness for the wharf, as well
as the dissipated energy of soil, whose restoring force is determined by the cyclically lateral loading analysis. To
validate the applicability and accuracy of the proposed SDOF model, the nonlinear time history analyses of two
typical wharves and counterpart SDOF models are carried out to compute the maximum displacements with an
ensemble of 60 earthquake wave records, respectively. The validation process reveals that the displacements from
the SDOF models correlate well with those of wharves, and the average values of their displacement ratios are close

to unity with relatively low variability.

Key words: pile-supported wharves; displacement-based seismic design; seismic displacement demands;

equivalent single-degree-of-freedom model ; nonlinear time history analyses
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