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Table 1 Physical properties of Silica sand #7

Max. dry unit weight v ¢(kN/m°) 14.0
Maximum void ratio 1.20
Minimum void ratio 0.70

Average diameter Dso(mm) 0.13
Coefficient of uniformity U, 1.9

Friction angle (degree) at Dr=60 % 36.0

Table 2 Dimensions of pile modeling

(a) Static tests
Brass tube Prototype
Model  Prototype .
scale scale Target Unit
Length 0.5 10 10 m
Outer diameter 15 300 305 mm
Wall thickness 1 20 9.5 mm
Young's modulus (E) 100.5 100.5 200 Gpa
2nd moment of area () 1083  1.73x10®  9.64x10" mm*
Bending stiffness (E)  108.9  1.74x10°  1.93x10’  MN-mm?’
(b) Dynamic tests
Brass tube Prototype

Model Prototype Target Units

scale scale
Length 0.25 10 10 m
Outer diameter 7 280 305 mm
Wall thickness 0.9 36 9.5 mm
Young's modulus (E) 101 101 200 GPa
2nd momemt of area (I) 82 2.1x10®  9.64x10” mm?*
Bending stiffness (EI) 8.2 2.11x10°  1.93x10° MN-mm?
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Fig. 1 Illustration of model setup for (a) static loading test (No. 2) and (b) dynamic test (No. 6).

Photo1  Model setup for Test No. 2.
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Table 3 Test cases

Test ) Pile ) Dr
No. Loading setup Soil g %)

1 Static Single Dry 20 70

2 Static Group Dry 20 65

3 Dynamic Single Dry 40 68

4 Dynamic Single Sat 40 40

5 Dynamic Group Dry 40 83

6 Dynamic Group Sat 40 37
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Fig. 2 Load — displacement curve for static tests:
single (No. 1) and group piles (No. 2).
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Fig. 3 Moment — depth diagram: (a) single pile (No.
1), (b) front, (c) middle, (d) back rows of
group pile (No. 2).
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Fig. 4 Maximum moment distribution of middle and
back rows normalized by that of front row.
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Fig. 6 Comparison of load-displacement curve

between the centrifuge and real scale tests:

(a) single, (b)group piles
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Fig. 7 Comparison of load — displacement curve of
group pile for dry deposits: static (No. 2) and
dynamic (No. 5).
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Fig. 8 Comparison of load — displacement curve of
dynamic tests for saturated deposits: single
(No. 4) and group piles (No. 6).

4.1 BHBAEREDOLLE

Fig. 7129 & 912, Hlmb & AWV 7= BEb O R
WiEER (No.5) & FAHITER (No.2) bR bh
7o, WE-EMMROLKEITo 7, FRICBWT,
MEIHAARD 720 OFHTH 5, REFITRTIREA
FHEDILRE LV, FHxHEE D72 (No. 2: 65%, No. 5:
83%) IXHH L DD, HMRONL ER Y T,
WEDEXITIFE-HL TS, LavL, HUKL
WEEMZ Do, FHO9HRAE & IXR R 2 Bm AR
S oid, Thibb, RRAE S KR F R
WIHRAELTELT, BEMBRA/ALAZHRTCND,
ZOZ EIX, WUEEMTE & WARZEAL & ORI ALEZE A
ELTWEHERTHLOTHIN, ZIZH>VTIE
438 LI CTRER T D,

4.2 BRI PDEEMDEE)

fAFN & H 72 BT & BERL O IR ) EBR (No. 4L 6)
WL G onizwEEMREFig. 8IomRd, K&
=TT RALFT O L O TH Y, R b DR & 3

- () No. 5 (dry)

| (b) No. 6 (saturated)

—— Ground surface
— Pile head

Acceleration (m/s?) Acceleration (m/s?)
w

Time (sec)

Fig. 9 Acceleration time history of dynamic tests for
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(@) dry (No. 5), (b) saturated (No. 6).
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Fig. 13 Time histories of inertial force and the ground
displacement.
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Fig. 14 Trace of inertial force at pile head and the ground surface displacement.
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Dynamic behavior of soil-pile systems

Tetsuo TOBITA, Susumu IAl, Kenji NAKAYAMA®, Tetsuro HARA”

"Graduate school of engineering, Kyoto University

Synopsis
Centrifuge experiments of static and dynamic lateral loading of pile group are carried out. A
steel pipe whose diameter is 30 cm and length 10 m is scaled down to 1/20 for static tests, and
1/40 for dynamic tests. It is experimentally shown that in the dynamic tests the hysteresis loop
of inertial force and displacement at the pile head becomes elliptical due to the phase difference
between pile and the ground, and/or the nonlinear property of sands. Even in the case of
dynamic tests under saturated condition, group pile behavior may be observed.

Keywords: Group pile, Centrifuge testing, Liquefaction, Lateral resistance force





