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Target-parameter Selection Method in Modal
Pushover Analysis of Pile Foundation System
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Abstract: A theory of best control parameters (BCP) is
developed based on Chopra’s approach to tackle the problem.
Theoretical derivation and selection principle of BCP are also
presented. A modal pushover analysis (MPA) of a pile
foundation from Shanghai Changjiang Bridge is then conducted
by using the developed BCP approach. First-mode pushover
analysis (Po-1) and nonlinear time-history analysis (THA) of
the pile foundation system are also conducted as the
reference. The following conclusions are drawn through a
the BCP selection method efficiently
resolves the reversal phenomenon in MPA of the pile

comparative study:

foundation system; the displacement demands estimated by
MPA with the selected BCP are closer to the results of THA,
and much better than those provided by Po-1.
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Tab.1 Earthquake wave records

EHl HBE 4 WELAR BER it BEhiE/km R Fm PGA/g PGV/(emes™D)
Kern 1952 Kern County 7.5 Taft 36.2 D 111 0.18 17. 50
. . . Desert Hot Spr.
LY Bigbear 1992 Big Bear 6. 4 (New Fire Stn. ) 40.1 D 090 0.23 19. 14
Moorpark 1994  Northridge 6.7 Moorpark 26. 4 D 180 0.29 20. 97
: (Ventura Fire Stn. ) . : :
Erzincan 1992 Erzincan 6.7 Erzincan 2.0 C EwW 0. 50 64. 32
. . . Petrolia <
Cape 1992 Cape Mendocino 7.1 (General Store) 15.9 C 090 0. 66 90. 16
%  Loma 1989  Loma Prieta 7.0 Los Gatos 3.5 C 000  0.56 94.81
. (Parent Center) . : .
. Sylmar Olive
Sylmar 1994 Northridge 6.7 (View Hospital) 6.4 D 360 0. 84 170. 37
Kobe 1995 Kobe 6.9 JMA 0.6 C 000 0. 82 81. 62
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Fig.2 Mode shape component and lateral forces
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Fig.3 Deformed history of the system for pushover analysis of the first three modes
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Fig.4 The first three modes pushover curves
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Tab.2 The best control parameters
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BE—2P R A o0 15 2% WY LA XTI I S5 R0 B i R
B AR 1 PRSHRBEA T, XX e g f g &
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Tab.3 Values of the best control parameters

MR BO#/m WE 41 % /m BRI /KN
Bigbear 0. 048 298 0.012 150 96. 46
Cape 0.438 123 0. 020 922 273.42
Erzincan 0. 452 877 0. 027 552 205. 69
Kern 0. 086 386 0. 009 831 68. 99
Kobe 0. 368 783 0. 056 173 313. 87
Loma 0. 917 201 0. 026 357 259.91
Moorpark 0. 088 232 0. 016 048 123. 87
Sylmar 0. 442 875 0. 064 355 340.75
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Fig.6 The maximum pier-top displacement, pier drift and pile drift
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Tab.4 Computation results and errors of pile drift

R 24, model /T 24, mode2 /T 4, mode3 /I u4,5RSs /M ud, THA/ T e/%
Bigbear 0. 003 151 0. 012 200 0. 000 021 0. 012 600 0.012 634 —0. 26
Cape 0. 014 980 0. 020 922 0. 000 058 0.025 732 0. 035 490 —27.49
Erzincan 0,015 028 0. 027 600 0, 000 044 0,031 426 0. 037 909 —17.10
Kern 0. 005 648 0. 009 800 0. 000 015 0.011 311 0.013 585 —16.74

Kobe 0.014 720 0. 056 200 0. 000 067 0. 058 096 0. 055 136 5.37
Loma 0,015 481 0. 026 400 0, 000 056 0, 030 604 0.034 227 —10. 58
Moorpark 0, 005 779 0. 016 000 0, 000 026 0,017 012 0.017 491 —2,74
Sylmar 0. 014 997 0. 064 400 0. 000 073 0. 066 123 0.068 442 —3.39

T & 24 model » U, mode? » e mode » 2, SRSS » g, THA ZX T AR 1 AEERS 2083 3. A0 1~ 3 0 IR 20 H7 X L B HE AU B 115548 5 e = Cuta,smss —

4, THA) /g, THA X 100%%.
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Fig.7 The maximum plastic hinge
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Fig.8 The maximum moments of pier and piles
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Fig.9 The maximum shear forces of piers and piles
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