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Abstract

A study of the effects of dynamic pile-soil-structure interactions on the response of super-
structures, supported by group piles, are presented in this paper. The dynamic impedance func-
tions of single pile generated by soil-pile interactions are obtained and compared among others
using the methods proposed by Novak, Gazetas, and Kuhlemeyer, and using the equivalent
cantilever method. Group pile effects are also considered by the following approaches: neglecting
interaction effects: group efficiency ratio concept. static interaction approach: and dynamic
interaction approach. The responses of a nuclear containment structure are obtained by using
the elastic half-space analysis, based on the impedance functions mentioned above,

Main conclusions drawn from this study are as follows:

1. The numerical results of the impedance functions calculated by each method were quite
different: the Novak’s was the smallest, and the Kuhlemeyer's the highest. Considering group
effects, similar values in each approach were obtained for the stiffness: the difference was very
big for the damping,

2. The top displacement of the structure was reduced by 20% or more by pile installations.
However, the base shear force, the base moment, and the resonance frequency were increased by
more than two times due to stiffening effect of the ground by pile installations,

3. Whether frequency dependant impedence functions or frequency independant functions were
used, the responses of the structure were not so much affected by the choice of the impedance
functions,

4. The reduction effect of the top displacement increased with the increase of the maximum
ground acceleration,
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(a) Geometry of soil-pile-structure interaction
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(b) Decomposition into kinematic and inertial interaction
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(¢) Two-step analysis of inertial interaction
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7443 (g*10%*N / m) 7441 (g*10%*N/m - 5)
CASE A CASE B CASE A CASE B
o T4 3 A T 3 3] A T3 3 A & 3] A
Equi-Cant. 1.488 1.277 4,673 1.797 2.232 1.227 7.010 1.797
Novak 0.081 0.287 0.657 0.691 0.017 0.017 0.065 0.020
Gazetas 0.295 0.836 1.138 2.593 0.259 0.440 1.001 1.365
Kuhlemeyer 0.365 0.842 5.276 1.077 4.952 4.423 71.530 5.656
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(Case A)
7443 (g*10"*N / m) 7+ (g*10*N /m - s)
Equi.- Novak Gazetas Kule- Equi.- Novak Gazetas Kuhle-
Cantilever meyer | Cantilever meyer
No-Inter, 1.042 0.057 0.206 0.256 1.562 0.012 0.182 3.466
GER 0.782 0.042 0.155 0.192 3.124 0.024 0.364 6.932
Poulos 0.254 0.014 0.050 0.062 0.380 0.029 0.044 0.843
Kaynia 0.616 0.034 0.121 0.151 1.209 0.093 0.014 2.683
H8 T gt naqA| 2+ ol 2|5t 31X 2an 2o 4% din duR|
(Case A)
7343 (g*10°*N / m) 74 (g*10*N/m - s)
Equi.- Novak Gazetas Kule- Equi.- Novak Gazetas Kuhle-
Cantilever meyer | Cantilever meyer
No-Inter, 30.960 27.320 17.310 37.910 30.960 1.025 9.112 8.674
GER 23.220 20.490 12.980 28.430 61.920 2.050 18.220 17.350
Poulos 23.460 20.700 13.110 28.720 23.460 0.777 6.903 6.751
Kaynia 20,010 19.420 12.310 26.950 19.850 0.657 5.841 5.560
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Equi. Novak Gazetas Kule- Equi. Novak Gazetas Kuhle-
Cantilever meyer | Cantilever meyer
No-Inter, 3.271 0.460 0.797 3.693 4.907 0.046 0.701 49.500
GER 2.453 0.345 0.598 2.770 9.814 0.092 1.401 99.000
Poulos 0.796 0.112 0.194 0.899 1.194 0.011 0.017 12.180
Kaynia 1.933 0.272 0.471 2.183 3.798 0.035 0.542 38.750
HE 10 2 &3 DAl ZH Yol o8 3™ ZM ) Zale] AF d|m AR
(Case B)
734 (g*10"*N / m) 712 (g*10'"™N /m - 8)
Equi.- Novak Gazetas Kule- Equi.- Novak Gazetas Kuhle-
Cantilever meyer | Cantilever meyer
No-Inter. 31.360 43.420 53.680 183.10 31.360 1.729 28.260 18.510
GER 23.520 32.570 40.260 137.30 62.720 3.458 56.720 37.020
Poulos 23.760 32.890 40.670 138.70 23.760 1.301 21.413 14.020
Kaynia 22.300 30.870 38.170 130.20 20.100 1.108 18.110 11.860
X 11 Transfer Function & 0| &3t A5 H2|, M HojAe| MEt2, HnPHE| ASH|R
Case A B
Equi.- Novak Gazetas Kule- Equi.- Novak Gazetas Kuhle-
Cantilever meyer | Cantilever meyer
Top-Disp.

(m) 0.300 0.450 0.380 0.220 0.280 0.250 0.247 0.115
Base-Shear 2800 | 4201 | 2330 | 3300 | 2841 | 2883 | 3351 | 37.10
*10°(kg) . . . . X . . R
Moment 1110 | 1560 | 0898 | 1300 | 1050 | 1090 | 1200 | 1420
*10°(kg-m) . . \ . R . . .

H 12 T 0 A Ao A Hele| 45 diw #o

Case A B
Equi.- Novak Gazetas Kule- Equi.- Novak Gazetas Kuhle-
Cantilever meyer | Cantilever meyer
No-Inter, 0.300 0.450 0.380 0.220 0.280 0.250 0.247 0.115
GER 0.275 0.430 0.540 0.246 0.270 0.430 0.220 0.125
Poulos 0.390 0.630 0.700 0.210 0.380 0.475 0.280 0.130
Kaynia 0.393 0.632 0.700 0.210 0.385 0.480 0.281 0.135
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