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/] ABSTRACT /

As a method of seismic-design for pile-supported wharves, equivalent static analysis, response spectrum analysis, and time history
analysis method are applied. Among them, the response spectrum analysis is widely used to obtain the maximum response of a structure.
Because the ground is not modeled in the response spectrum analysis of pile-supported wharves, the amplified input ground acceleration
should be calculated by ground classification or seismic response analysis. However, it is difficult to calculate the input ground acceleration
through ground classification because the pile-supported wharf is build on inclined ground, the methods to calculate the input ground
acceleration proposed in the standards are different. Therefore, in this study, the dynamic centrifuge model tests and the response
spectrum analysis were carried out to calculate the appropriate input ground acceleration. The pile moment in response spectrum analysis
and the dynamic centrifuge model tests were compared. As a result of comparison, it was shown that the response spectrum analysis
results using the amplified acceleration in the ground surface were appropriate.
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Fig. 1. Input ground acceleration determination methods and
virtual fixed point

Table 1. Input ground acceleration determination methods

Code Input ground acceleration

The computed ground surface earthquake motion

PIANC (2001) 1] parameters are used as input

The peak ground acceleration (PGA) is computed in

MOF (1999) [2] the ground surface

The acceleration time history at the position 1/3 below
PARI (2009) [18] | the virtual ground surface is calculated with the
acceleration time history as input ground motion

The acceleration response spectrum at the virtual fixed

MLTM (2012) [19] point (1/@) is used as input
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Fig. 2. Geo-centrifuge model in prototype scale

Table 2. Properties of prototype and model (N, scale factor=48)

Pile Deck
Diameter Thickness Length Density Flexural rigidity Thickness Density
(mm) (mm) (mm) (EN/m?) (ED(EN - m?) (mm) (kN/m?)
Prototype 914 14 2,400 78.5 8.42x10° 1,000 24.5
Model 19 1 50 26.9 1.57x10 20 26.9
Table 3. Properties of silica sand
Soil type USCS G G, 2 Dyo (mm) | oy RN/M®) |y i (RN/m*)
Silica sand SP 1.16 1.96 2.63 0.3 15.8 12.5
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(a) Inclined ground and piles (b) Dynamic centrifuge test model

Fig. 3. Pile-supported wharf test model
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Fig. 4. Instrumentation layout
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Table 5. Ductility factor (1) and proposed damage criteria for pile-supported wharves (PIANC, 2001)

Damage state Degree |, serviceable

Degree I, repairable Degree lll, near collapse

Differential
settlement
Residual between deck and Less than 0.1~0.3 m N/A N/A
displacements land behind
Residual tiing Less than 2~3° NA N/A
toward the sea
Controlled limited inelastic ductile .
. . L . . Ductile response near collapse(double
. Essentially elastic response with minor| response and residual deformation Lo
Peak response Piles . . ) ) plastic hinge may occur at one or
or no residual deformation intending to keep the structure - .
) limited number of piles)
repairable
(1+d,/d,)
Ha Ha = 1 Hq = 2u : Mg = du / d.’l/
Table 6. Dynamic centrifuge model test results and ductility factor selection (1)
Model I1A40 1A63 IA86
Input acceleration amplitude (g) 0.227 0.209 0.229
Residual Differential settlement between deck and land behind 0.064 m 0.062 m 0.042m
displacements Residual tilting toward the sea 0.54° 0.6° 0.47°
Haq 1 1 1

P A Seismic design criteria research 11(1997) [27
Ground classification ’< 8 ( 11271
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Maximum acceleration(g)
0.2 0.3 04 0.5 06

0 ————h Surface
r 0-33g,0.363g 0.476¢ Acceleration
i S ‘ PIANC(2001)[1], MOF(1999)[2]
5t
L9
Ewl ¢
£ [
by i , 0.265¢g ,.*'-,,,»Vidua! fixedpoint
= wb v Acceleration
i o ‘ PARI(2009)[18], MLTM(2012)[19]
20 [ ¢
I . 0.227g Bedrock
Acceleration

(b) The acceleration results by depth (IA40, 0.227g)

Fig. 8. The accelerometer location and acceleration results
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Fig. 9. Pile maximum moment by depth (in prototype scale)
Table 7. Evaluation of the section stress
Model IA 40 IA 63 IA 86
Input acceleration (g) 0.044 | 0,122 | 0,162 | 0.227 | 0.054 | 0.122 | 0.178 | 0.209 | 0.089 | 0.165 | 0.229
Maxmum Geocentrifuge experiment 374 916 1292 1750 559 1070 1527 1774 890 1799 | 2151
Moment Response spectrum analysis (A04) 234 570 937 1321 309 789 1287 1643 637 1429 1849
(kN'-m) | Response spectrum analysis (A09) | 302 | 835 | 1347 | 2065 | 381 | 958 | 1663 | 2117 | 862 | 1950 | 2593
Section stress | Geocentrifuge experiment 0.20 0.42 0.57 0.76 0.28 0.48 0.67 0.76 0.41 0.77 0.92
evaluation | Response spectrum analysis (A04) | 0.15 0.28 0.43 0.58 0.18 0.37 0.57 0.71 0.31 0.63 0.79
(F'by eq. (6)) | Response spectrum analysis (A09) | 0.17 | 0.39 | 060 | 089 | 021 | 044 | 072 | 090 | 040 | 084 | 1.09
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Geocentrifuge test vs. Response spectrum anlaysis
(Virtual fixed point, A04)

Geocentrifuge test vs. Response spectrum anlaysis
(Ground surface, A09)
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Fig. 11. Geo-centrifuge test and response spectrum analysis moment results (in prototype scale)
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