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Soil-pile-structure interaction under nonlinearity in soil and developement of
method for dynamic response of structural systems
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This study deals with the mechanism of soil-pile-superstructure interaction
subjected to strong ground motions by conducting shaking table tests and analytical approaches. In
this study, shaking table tests were conducted first for evaluating the total response of structural

systems. Then, an analytical model consisting of one-degree-of-freedom system supported by a sway
model was developed. To clarify the mechanism of discrepancies between the test results and
analytical results, specific table tests were performed. In the tests, base input and pile-head
loading were simultaneously applied to the experimental models. The test results indicate that a new
mechanism of soil-pile interaction is generated when nonlinearity in soils and interface
nonlinearity occurs: kinematic interaction and inertial interaction are interrelated with each other
due to inseparable nonlinear behavior in the system.



100KN

6-35Hz

50Gal-500Gal

f——es0—f
|——ac0——
4
Superstructure (moving part) —> &6
T T
Spring box 102
! 4
Pile cap —1 2 :
oz oy B BB 1

L

3
Ta v
5

NS
Z 5 B K

=
Il [
o B

'S
\a

Shear box

1040 . JI P Dy S

-

pile
i

M s = Accelerometer
- - . o Strain gauge

= - - Direction of

loading
Fy

1 +Sway Model 1

Kinematic Interaction

@ 26 -




KIF

Amplification ratio

Amplification ratio

@

14
1.3
1.2
11

Frequency

——0sm/s2
——10m/s2
—e—20m/s2

—e—30m/s2

——aom/s2
——som/s2
10 15 20 2 30 3
Frequency (Hz)
—e—osmfe2

27

Frequency (Hz)

-Sway

Sway

( 45

——10m/s2
—e—20m/s2
—30m/s2

——s0m/s2

——s0m/2

1

35

-Sway

35 Superstructure top

Expermental

2 Analytical

Amglification ratio
15

10 /
5
0
5 1= 25 35
Freguency (Hz)
» Superstructure top
——Experimental
25
o Analytical
®
£ 2
S
S
31
<
10
5
]
s 15 25 25

Frequency (Hz)

0.5m/s?

80 Superstructure top
2 Fxperimantal
° —— Analytical
S A0
B
3 50
3
2 40
<
30
20
10
v
s 15 25 35
Frequency (Hz)
¥ Superstructure Top
Experimental
30
Analytical

A

r/ |

5 15 2 35
Frequency [H7)

Ampificaticnrat’o
o - » »
5 G 8 R

n

0.5m/s?

Amplif catonratis

Amplifiaticnratio

25

25

Ampl fication ratio

Footing lop

15 25 35

Frequency (Hz)

——Experimentz|

Analytical

Footing Top
——Experimental
Analytical
15 2 35

Freguency (Hz)

1.0m/s?
15.1Hz

Footing Top

Experimental

Analytical

15 25 35
Frequency (Hz)

Focting Top

—— Experimental

Anzlytical

15 25 35
Frequency (Hz)

1.0m/s?
21Hz



®) 28

26

Kinematic

2)

27

Inertial

28

05

15

Cin/E/D

03

Cin/E/D

—&—50Gal
—e—100Gal
150Gal
No Base
I—— |
—
—
0.25 05 0.75 1
inertial load at pile cap [kN]
—&—50Gal
—e—100Gal
150Gal
Mo Base
0.25 05 0.75 1
inertial load at pile cap [kN]
(10Hz)
—4&—50Gal
—eo—100Gal
#-—-150Gal
No Base |
0.25 05 ——————0u5 1
inertial load at pile cap [kN]
—&—50Gal
—e—100Gal
150Gal
No Base
SE— e |
0.25 05 0.75 1
inertial load at pile cap [kN]
(21Hz)
_ 03
= 0.2
&
3
01
disp [mm]
0.1 0.2

50gal
- 100gal

0.3 150gal

no base



Md Shajib Ullah Masato Saitoh
Experimental study on kinematic response
of soil-pile-superstructure system 70

2015.09.16

@
SAITOH, Masato



