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Abstract:

dynamic

In this paper,
(IDA)
systematically investigate the ductile seismic performance

the rigorous incremental
analysis method is employed to
of pile-group foundations (PGFs). A shake-table test on
the pier-PGF system in sand is firstly used to validate the
numerical modelling technique. Based on the engineering
practice, a series of analytical models are then established
considering the variation of nine structural/geotechnical
parameters. Seven ground motion records are selected for
the implementation of IDA. Finally, the seismic failure
process of PGFs is validated and three performance

indicators in terms of displacement, rotation and strength
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are proposed. And the impact of each parameter on the
proposed performance index is investigated. It is found
that for PGFs in the easy-to-repair state, the average
displacement ductility is 2.52 and the average lateral
strength is 1.41 times of that of the first-yield state. The
average ultimate displacement ductility of PGFs is 3.62
and the average ultimate lateral strength is 1.47 times of
that of the first-yield state. The maximum drift ratio of the
pier induced by pile-cap rotation is less than 0.7%.

ductile
(IDA);

Keywords: pile-group foundations (PGFs);
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Fig.1 Schematic diagram of shake-table test and numerical model (unit: cm)
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Fig.2 Comparison of structural responses between shake-table test and numerical model
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Tab.1 Case list
TH N d/m o/ % o0/ % S h/m a/% L,/m D/ %
CO (FEHET M) 3 1.5 1.0 1.0 3.0d 9 20 3 55
C1l 2 1.5 1.0 1.0 3.0d 9 20 3 55
C2 4 1.5 1.0 1.0 3.0d 9 20 3 55
C3 3 1.2 1.0 1.0 3.0d 9 20 3 5
C4 3 1.8 1.0 1.0 3.0d 9 20 3 55
C5 3 1.5 0.5 1.0 3.0d 9 20 3 55
C6 3 1.5 1.5 1.0 3.0d 9 20 3 55
C7 3 1.5 1.0 0.5 3.0d 9 20 3 55
C8 3 1.5 1.0 1.5 3.0d 9 20 3 55
C9 3 1.5 1.0 1.0 2.5d 9 20 3 55
C10 3 1.5 1.0 1.0 3.5d 9 20 3 55
Cl11 3 1.5 1.0 1.0 3.0d 3 20 3 55
Cl12 3 1.5 1.0 1.0 3.0d 15 20 3 55
C13 3 1.5 1.0 1.0 3.0d 9 10 3 55
Cl4 3 1.5 1.0 1.0 3.0d 9 30 3 55
C15 3 1.5 1.0 1.0 3.0d 9 20 0 55
C16 3 1.5 1.0 1.0 3.0d 9 20 6 55
C17 3 1.5 1.0 1.0 3.0d 9 20 3 35
C18 3 1.5 1.0 1.0 3.0d 9 20 3 75
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relationships
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Fig.10 Impact of pile spacing on force-dlsplacement

and rotation-displacement relationships
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0 0,05 0.10 0.15 0.20 0.25
RAAE/m
a - KF

displacement and rotation-displacement

relationships

IR EE ]S, ZEAR R0 ) (57 A 7K A T
AR RS /N, R I FRR AR SR At %) et PR L RS IO P 57 %
FBR 5 [T ST, IR B (14 8 TR 2 i/ N A b X A AT
Bl g BRI AR & B ) T ahifi Ak o),
BOKE T O, e 0I5/ o FEFERBAS TR IR
Wit ) R BE [ 1) AR AL AT e, L PRURIR BE O m
A 1 2. A2 3880 2= vl 2R BE 3 m B Y 2. 55 J5 PR AR
S s Ry LA R YR (AR (A 38 T AR
L1425 T - AARAH G 2 52 B DA L6t -
MK RFIR G- R RN, A XT
ST PR RS A - B A 0 e B TR B RO, R
FCBELA A9 7K AR T AT W R, EAH R0 )
BEAE KT AR AT 4 43 K, PR AR AT Rt ) S
B IR 7 B A6 A 0N o AT T T R oK
B MR G 22 0] B [ E 203 A Tk AR A R
TR B4 5 AR ITAR G, PR IR A8 T T
T AP - A T ) JeE R OGT = A A % 28 i B ARk . [
B, - AARE X 28 S B AR B R T AR R 5 B
YRR, AR & B AR shmi R -3, R
FEFRGER A g, Rey Ry BEF T AAAH R SL Y
BTV NN e, B A AR XoF 45 ST B %) 34 R T 34

— — Do
(e @21 ()
T T 1

>

AREBNEHT1/MN
al

0 0.05 O.IlO o.'15 o.lzo o.'25
RENIF/m KA G/ m
a I-fikR b HA-NiBER
SNHE FRHE ANHE ARHE AMHE
METOD MO0 AR BESF IO
JEIR BB R JEIR BEER 4a Rey faw Re
xCI5(L.=0mA V RKIEMk Y 2.42 1.46 3.70 1.56
oCO(L,=3m) A V 0O Y 2.55 1.41 3.51 1.46
+Cl6(L.=6mA V @O Yo 2.54 1.40 3.49 1.42

E13 HRIREX DB XENEREER IBXRNZN

Fig.13 Impact of scour depth on force-displacement

0 0.050.10 0.15 0.20 0.25

)
4

and rotation-displacement relationships

K, 2R BEIR ST R 7R B HE 8 0, e 0,02 A
JE B2 5/ o

FHR S

ARG /(1079 rad)

0 005 010 015 020 0 005 010 015 020
AENFL/m RENIH/m

a N1k R b M-I R

AhHE FHE SNHE HHE SME

BETOU BT A5 A B A T50

Jet e JE P SR AR BESR Aoy Ry paw Re
5%) AV ENHi S e 269145 3.32 1.50
AV O g Y¢ 2.551.41 3.51 1.46

3.57 1.4

E14 THENBEIENS ABXRMAEER LBX
EN:OEA
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Tab.2 Statistics of performance indicators
T Moy Ry, Oy aer/ (10 rad) Hau Ry, 0.,/(10 % rad)
¥IH 2.52 1.41 2.04 3.62 1.47 2.63
FE N 2.95 1.46 4.57 6.17 1.65 6.77
0/ ME 1.87 1.32 1.15 2.45 1.36 1.32
brife 2= 0.23 0.03 0.69 0.72 0.06 1.13
S5 RE B/ AR/ 1o 9.3 2.4 34.0 19.8 4.4 43.0
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