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Earthquake-resistance Analysis of Piles Using Dynamic Winkler
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Abstract

This paper describes a numerical method for pile foundation subjected to earthquake loading using dynamic Winkler
foundation model. To verify the numerical method, shaking table tests were carried out. In shaking table tests,
accelerations and pile bending moments were measured for single pile and pile groups with a spacing-to;diameter ratio
of 2.5 under fixed input base acceleration. In numerical analysis, the input base and free field accelerations measured
from shaking table tests were used as input base motions. Based on the results obtained, free field acceleration was
magnified relative to input base acceleration, whereas pile head accelerations reduced relatively to free field acceleration
for soil-pile interaction. Measured and predicted bending moments for both cases have maximum value within the distance
10cm(4d) from the pile top. However, there are some differences between the results of numerical analysis and shake
table test below 10cm(4d) from the pile top.

ko

X

2 g AT AT R FEAE A% AT AL ol9) HES A% AFAFLS HA
ST A% 7RSOl HETET SN 2.5d(d=A7)Q 2x2 LEFY| FRUE Fe A3 dI} Tl
A Gl AEHOREE Zlo] 4d m|gtofl A FEUET FHEL] JEAEL 0] 7t Hen I gk O, <7
= BF ARt ou AEHo R o] 4dojFtof A GETES IR HE ARWUE o] AXe AFS
23k Asd A 54T AHMEES AN AZ/MEER st 43 A7 HEUER FUE 25
AP o2 RE 4d v]Rke] FREZA = AEGT vsd ATE Aoy ZHEY A ARUCZRE 4d ol
o] FEoAs A= Adoldt A EUth

Keywords : Base input acceleration, Bending moment, Dynamic Winkler foundation, Free field acceleration, Pile head
acceleration, Shaking table test, Soil-pile interaction

I.M& von Arx(1978), Guitierrez®2} Chopra(1978) ~12] 1L Roesset
(1973) Sof o8 o2 =g} o]F Kaynia,
AWETE AT 2R3 T3t o] 23 342 Wolfe} Gazetas(1991) 18] 3 Mamoon(1990)2 m}o)| o3t T

*1 Az, dANste FHE EEFET 4A} (Member, Master of Science, Dept. of Civil Engrg., Yonsei Univ.)
*2 339, Adisn FHs E8-Fey R4 (Member, Associate Professor, Dept. of Civil Engrg., Kyungil Univ.)
3 A3, NS FRUE E5FT H a4 (Member, Associate Professor, Dept. of Civiil Engrg., Yonsei Univ., s0j9081@ yonsei.ac.kr)

S Winkler £ 2YE 0|88 252 UiXloid 39



E3} FUE 5 A% B AT ol Hof
22 47 By ARl AUE-TEE JAgOE
B =l o} F o} Mylonakis(1995)9}F Makris(1994) 5= 7+
WY A WS ALgate] AUhTE T2 4
528 d4E st

TEO FHIHE ok WL A AVHAR 7
=} A, Winkler 28 Ao $2-GHES Fohe W
WO 2 Penzen?} Prakash(1970) ~12}3. Chandrasekrandsn
(1997)2 AZFE o] §3to] ARkE =Ygt FJF-
H(lumped mass) T} 741718 AMg31o] Tl olet 2
9] 54 g3} nte] A INE 118 5HF 2™ Naogami
(1980)2} EI-Sharnouby(1990)= Novak(1974)¢] o2&
Hgsto] wEA]] AHE2HE-L A8l Gazetaso}
Makris(1991)= 532} $H315-S W= TE7|RE 3
A S Qe s Ee TS A Axge
olgale WHe Aol BYsbt AiEoR et
Zgke] BlAGA]] SH-HYE BAE 1P| ok
EA), f3tasys AMgste] HED} AWhE 2Esishe
o2 o] e LE] 5 A5 34A] 7P e
ARR =T glom 4O F Angelides} Rosset(1980),
Wass®} Hartmann(1972), 18] Wolf(1985)9]] £]3}d
ohFst Fjado] Y= gich AR, FALLE AMS=
Hh o 2 Banerjee2} Sen(1986), Kaynia®} Kausel 18]
T Mamoon(1990)7} Novak(1974) & AAALE o]
g3lo] Bat G BYstel BEY HHL At
k. Foll A= 1988 ZAEAT Y-a-Fol o3 ujAd
FAL 03 ASERAY FH A of oA UH
< o] 83 fRta el FA QL 27 T A7t 5
FE A} o]F 19944 whge2 At 2A Q] T2
4 3t FA HEIA | gt A1 E Y 27 daE
29 MIslEa, 19959 HEE 52 o8 U572A
2 33 T) 19881 o]l e} o] HFE-L2 Winkler 7]
£ o] gste] TE-Auke] AT AE-S 431, 1991
| olQlme} o WEARLY] AuaHg-S Sty
20) 74 AR Aetn ARTRELe AR
2 Agstel QAF2EY HRTZE WA} Sl
29| WolZ AVl 19981 271 LPILES] o]
3 e B9 Py ZUL o8 HHE ST,

ole] & AL oAl ofx] lnlgt Fatzel
et 48 AT} HBo] AekDE ATAE) 5
Aoz EHoR HeY 4 Y FA Winkler 2
23 2Ug Agstel A5T BEE 2UYstE 53

it

40 e=2XErBEE=2d M18A H2=:

A& st 1 23E s4rEes Agsiged
NdE sjA47|HE ZFH A ¥ (shaking table test) 3} H]
wste] I HEA4E HESIATH

2. 25 SollY 718

H Ao A= 7 e AR E(discrete-element model)
& ARESte] AT A5 AE-S DT T F3
A& AAstgch 29 13 Zo] A% = vAdg 74
2AL 2= UES ¥ EE 7 8(Zol hyY
2o g mdgsgon, ste2idn 14212 4
Ao Hg= AL &8 281 4F T A
& A 848 F9 AEHAC olnf R 3kE Q%
APATALY Si= 2F AH joll Foln] Ao HH j
of ZHgsH= YT IH L2 AL AHT F HHI
571 35 4 gAdaEg o tAAjA s
Z+ BAA 2 T8 AL Y& ZH(FHES) T
= FUHEQd S AATIY O Z7=(T+
T7, (= wj—y 5 + wie ) B UEFHTE oS B8 ¥4
A ZH A kollAl A jo} j+1ofA RAE, FH jolM=
2o st By FHALE AP 4 (DT Zk

QpaWi—g 1 T Des1Wi—1 k1 T Cre1Wj pt1
tdp Wit a1t €p1Wit2,rt1 = Chlljk

tap Wigp1 T bp Wi, k1T Cr—1Wje-1

tdp Wit -1t er-1Wira k-1 T Fi M
o7 A,

D';_, kR,
ap1= Fio1+ hl, ! __‘_4] L

bast = —2(Fj_1+Fj)——2—t(Df,-1+Di,)
— n¥( T,"i‘Lz (TT 0+ TT001))
dprr = —2(Fi+F,+1)—%t(D"f+ D'jsy)
— h¥( Ti"'% (TT a1+ T i1 041))
cher=(Fjo1+ AFy+ i)+ 50 (D' oy +4D 4+ D' 1)
+ BT+ Tj+1+% (T o1+ T i1 + T i1

3
+ TTi+1,k+1))+% (R;—1 +R}'+1)+—%—{(Ssj+sNi.k‘1)



Def (ZR
Q; CQj ¢
—(SY e+ S%) wis

—R; 160,10+ Ri0iv1k

Viscous Damping

Inertial Effect

Liner or Nonlinear Supports

Rotational Restraint

— e e P

2h
— G+ G
z 21 A 7+l Applied couple
Q. Load Adjustment for Soil Motion

Elastic Bending QT j.& Time dependent Lateral load
Axial Shear

Moment
Thrust \ Q;  Applied Static load

=Lk

N ik
; —»> <
- T;
V.
'y i TT]k V; i+, k T
MD;_

\ im1.k . MD ik MD ik

bar j - bar j+1 Resisting
Time-dependent Axial jomt J Moment Due to

Thrust Material Viscosity

T A A(Zol, EL 2%, AAZIYY,
A, gakE % e,
py 34 9, 35 A§AE 944

) 4
| Shake 12 ojge A% A 4y |

l—

3% Az

whE Zt 849 py 4 24 J
{SPASM ZTZIYPE o] 83 FofjA 1

‘_

a7 2. 6llM 7Y S8

EX Winkler £ 22 0188 252 oM



21%0; KD
+(S%+ S e} 7 S+ "
D' IR\ 4np
ert1= Fipt h],H _Tﬁ, = % .
2D, i i
Ay =~ Qi1 T h,l L, by =_bk+1_%’(D -1t D';)

Ck_..l == Cp+1 +th(Dij_1 +4Dij+Di,'+1)+

dp1=—dpt, _%( Dii"’ Dii+1)
2D';

€1 = — €1t htlﬂ

fik =h3{(Qj+ Q%1+ QTir-1)

2K D°;
B,

Qi+ Q% k1 + QT k) +H (—Ciy + Civ)

oo} e 4lHe) BEEE I 29 Pk

3. S A

B dFoALE Auk-wrEo] Al g2 miobsly] ¢
3 AENE o] &3t Ao A H(shaking table test)S
s3ysTh

3.1 AlE ® 2E 25

2 OE—TLOM A3 Al 2= AuE 22 A]be] AF
& B3] & 5 Yv FED EFAE ARSI
ANBE AR FEX BEAS FEHEA JES Hof
3t7] flllA & 4] A9 3 = EX 9 VjEE
Aol tiEt A AABITE J=EE 9 72849
AR & 13 Zom o] 29 U= EF J42
a9 33 2ok APAY FEA ER2AE 458 U=

B 1. A8 AR (FET BEM) H 2 DY MY U= m A
dEEXE Azol 244 2y 4= M3y PVC
o Y (mm) Dimax 0.850(No. 20)
kS On:Po:‘(mm) Dmiin 0.075(NO. 200) 20|{mm) 630
EAFYUES 10% Y& (mm) Di1o 0.41 '
SUSTUEE 60% LA (mm) Deo 0.48
8%7‘"4\‘ Cu 1.17 QI%*(mm) 22
ZEA+ Ce 1.23
Z|CH ﬁi'ﬂﬂg%‘(g/cm% Y dmax 1609
A ﬁi'ﬂ-?—l%%‘(g/cma) 7 dmin 1.382 S {mm) 2.5
H| S Gs 2.63
'}AH Oo X
B (%) w 0.3 UM El, 2826486
sqm= Unified System sp (kg - cm?) )
cEwT ASTM D2487
100 T 1 l"l\ T T ‘I T T
90 Hw- ey —
80 j : ‘ — - e —
;1_’,]— 70 - ﬁ‘~ Lo — ottt A—:-- -
I ! \
%‘ 60 R —t T i_v%‘ R % —
2k .
H?J 50 Hes- e by i
=Ll
B 40p+— . B R B
O
= 5 NI SRS U ) A B
(%) |
20 ‘,'\
1o . - 1
Ll 1 llll 1 || 1 1
10.00 1.00 0.10 0.01
Y 7 (mm)
J8 3. F2X BFEA YT #E 3 J8 4, WY EH(strain gauge) F& U=

42 E=RAEESSHE=EY



BEE 7IAI FYER ‘?;W SPE B259th
REYES pYC Ao WEL AFLsIEon 2§
Aol AgE TEY e 5] A8 571 Al
W ARpete] AGAES HAst g o AU & 29
A} 2PUEdde wEY RUES S437] Al
HYEAS FHstHen ol 19 49 Zrh

32 YBEX Y NS

A 2A A& F= 7RRe 2% o

B 3. 7IEIE EH| MY

Z(small pressure chamber) 2 &= j(shaking table)
AgHE 25 o3t 5 AFE SAst= AS
ek 7R SRuare] AN A%E
4 Qe =79l AE7|E 7HRIA=
amplifier), 7HA1515-8 YA O 2 ZHEA|7|= Zaj 2
4}7](signal analyzen)2 A3 o ASHEE= TH
Hze] W& 5 7|(strain gauge)2}t 715 = A|(accelerometer),
ARYER) Son TASdAt 19 sk 54 A
wgxaE Y P

E*}Q

ZZ7)(power

max. force @ 489N
weight : 62.4 kg

Ling Dynamics V455

max. sinusoidal output :
frequency range : 20Hz~14kHz

1400VA Ling Dynamics PA1000L

channeis : 2

FFT size : 50~25600 lines

Bruel & Kjar type 3550

E 4. MFHYH ASE U AY

strain gauge Tokyo Sokki GFLA-30 0.00 « ~10000
Accelermeter Tokyo Sokki *1g 0.001g
data logger Tokyo Sokki SDA—830C ' - -
Measuring Part
data base system data logger system
[ — (=3
data acquisition device
. small pressure chamber
signal analyser
oop
AR | B
O
=
shaking table
N Pressure Chamber &
Exciting Part Shaking Table
O3 5 o4 EX Y NEW MY MA FEE
=& Winkler £ 222 0|88 =9 LIRS 43



E A7) A5t Al§(shaking table test)ol] A A
MR el AZY Guls ¥ 3 @ E 49} 2o

3.4 A 2
s eI THE FA47HE 2.5d(d=TE AA)E E

£ FUE| Bitol £UT WF AP ey T
Hgoz ANk

1. 93 Exyo] 2y TES AX|sta AEE -
T A% A AUeE 233Gk
2. A&AnE Ax3ch
3. A5-& 715t YR ANSE, A3 7S, T
2R slsEg 2Rs
4. QAT THEEH BE Zold MPEES SHstol
HAndiez st
30 15cm .
[ — 1
M Al
' 9.5
B0
_/ 12.5
=% clo
ot B &
HEE 215
GE | D1
123 7% A
49: cm
ABCD: ¥ &7 nl

RS 25—

J3 6. A A

4] 100 200 300 B0  S00 €00 200 200 300 1000
Inzacd

(a) YHKIZ FIEZ(FFT oM E

FA7HE 2.5dQ1 FUEHEE2X2)

Sayel 214 155 9819 AWMEEE 7Iee
2 3lo] B A7 s YA EE 0.13gE 44
3HA fxstsict

3.5 AEdn Y B

A7l 845 Z-g-A AN-EE
3 19 63} o] FFd, YA WE R 7H& A
£ FAsto ?J‘?'ﬂ AR 7V&E, QA ZREE, TR

K7k 2he SAskech 54 23 0.13g2] YA
2 7tET = °Jx]H}01]A1 0.18g2 FE3tArt. 19 79]
AFH = FFT 3479 8% 7M& 5ol 3t Qg
22 7i&zolth 17 8(a)= FFT 3439 x|zl
7t oln 0.13go]th. 18 8(b)= FFT a4 32 47|
u} 7}z o)o) 0.18go|ch A|Rk-TE A5 28-S utots)
7] Q8 HESFR ISt At 7HE e & S35
o] Hj@BIgch UE TR rlEeE OE TR UE

FRAAY THEEE &

AEag-g Tetsl7] §)

0.2
TAVAVAVAVAVA

0.2
-0.%
~3.6
-0.8

-1
-1.2

“1.%

4] 100 200 300 %00 500 600 P00 SO0 300 1000
fhsecd

T8 7. YERINIKAES} KISE JRE(FFT #AA)

] 100 200 300 W00 500 600 00 £00 3001000
Insecl

(b) RI9& 7IS=(FFT si4=%)

38 8 YAKIN JHAES KISY THEFFT 342

44 E2XLIBEE=2E H182 H2=

I



Axial Strain (10E-6)

0.00 --

40.00 [T

~80.00 ‘,‘1(

12000 +,

3

-160.00 - aﬁ

)
!

ST

~200.00 —

-

-240.00
0.l

l” [HTH H‘ 1
i i B ~~~JIM

L
0.20 0.40 0.60 0.80 1.00

Time(sec)
O3l 9. UX SR HYE

=3
£ 4TA40) GYOE BE VEER JEEE 0.13g
2 PASEON, FUE FR 7T A 01652 Y
Aol w8} Asteict
z4%
B /

(strain gauge) I I

Depth {(cm)

0.4 0.3 0.2 04 [ 0.1
03 = - [ - - LR -
-
—
10 — e
- \
20 -
Q
30
i
40
@]
O - &Hz
50

(strain gauge)

a3 10. HYY £

Bending Moment (kg-cm)

(a) E=ESRo HDHE

HZHE

J|)|-

3.6 U5 £ 3
O™ 604 K= vie} Zro] 47]2) Aol W

O|AE FAste] 11 99} o] MPES S
d 109] MFF S HPoR 4 (), ) &
AA A @9 FEWER F4bstgich Bt & =l
+ 28 119 vehflon] 2t ARdE g |g
E2 SAT AN Hofigke 2 1200 YERTh
a9 129 12(h)E S8 SEEEL TEEY HE

o b mt
M oo 4 L

HE Zrolch

Eo| ost HE £ = (A+B)2 )
2ol o8t 83 o=y

(o=EeolB2 y:3YZo2RH #d) 3)
% ZoE M=% xe @)

Time(sec)

ARIEHOIA EHRHE

J8 1. 25

Bending Moment (kg-cm)
0.4 -0.3 -0.2 0.1 [ 0.1
o T T

10 —

Depth (cm)
.

30 —

40 —

50 L— — - - - s U |

(b) PUE(2x2)9 HEHE

J8 12, tElsn FUS HRHE

& Winkler 2 Y8 0188 ¥=2 WG 45



4. S 710l 2/t A Fate] Him F4

2 AolH e HA7IHY) B R A e A
22 99 54 ArhE B ATl ST AE AW
(Shaking Table Test) A8 U 7129] A7 Aue}
u)E - A3

4.1 5t3-#9 =Y

HHE313(Cyclic Loading)3}l9] AMHEQ] ogZ AL
YT BS vehlin FAol s Sl WS
3t52Z7le) uet AP oz F7}13hcKKishida, 1985).
A E A|Rto)| A-g-8l= 3l5-H 9 T4 Reese, Cox,
Koop(1974)2] A|¢tH, Bogard, Matlock(1980)2] A9,
O'Neil, Murtcheson®] AP, ul= AF&S(APD)7} A
gk W Fol Ut 2 =EeAe 7 dutdes
ARGt Bl AR S(APD 2] APHE 0] 8313len
53 A@AS Ae Feritto(1997)7} Aot AleE A
23t} 9] ZloloA HE & o A|¥te] =

FRAGEYL 4] 5)F 3o g5t

Pu=(C; x+C;-D)¥x
Ppo=C3-D7x

P,=A:Min(Py, Py) (5)
o714, A : 0.9(FHEFEEAl 3-0.8(x/D)=0.9)
Cl, C2, C3, : B39 A4

D : % 373

Bending Moment (kg-cm)

0.6 04 0.2 0 0.2
0 3

T 7
i I

-
- \ ‘
i .

REREE

[
o

Depth{cm}
8 8
T - T T T

|
O
[ —-O-— Computation
—-f—— Measured
50 O - - -
(a) Cr=Eotes 2X|EA Hln

I8 14, BEEE FUR

46 E=AEESR=FE AH18T H2E

5000 —

o

. 0@(}@ OO
4000
i .
AL 5 A .

—9—— 20/ 575¢cm

§ —&— 115cm

Eﬁ —O—- 23cm

T —&A&—  345cm
—— 50cm

PO000000006 00 ¢+ ¢

$0000000000-0-0— & |

0 10 20 30 40 50
y(em)

8 13. iAol AkgE P-y 3M

x : AEW ok ele] o]
y o ANt gEGe 5%

42 NS d=gdnee| vjw

B Ao Algs 2g 2 Aj o] Anke} 2|8
S B3l 92 S AANE vl Btk ZEch A
Hoe &5 TEL TEFHE 2549 285 4
A sstgl o dEFHTHE 2.5d9 FEE A¥E
37 3] T/ F 12mmo oz EWo R By o
ENL AFste] 2YTES BES HEE o] 831
L5 Tes] agste] HHE 3T

Bending Moment (kg-cm)
-0.6 0.4 0.2 0 0.2

Depth (cm)
5
. .

o
-

"6 computation
—+&— Experiment
ot ———_—— — _

, T
I ¥
. /
40 !
,//
e -

(b) ZLUE(2x2) £X[5{A H|

FX3HA Hlw



E 5. MY 25 o R =Y

W 8 ERCRAS
El 28264.89(kg - cm?)
o] 50cm
23 22mm
ys = 2.5mm
A 3.82x10*kg/cm?)
&4{4| 0.05
2A 160.84g
s =4 oy
Uz 1.5(g/cm?)
@A 0.03
NIl XIS 0.13¢g
R4 e 0.169cm
AT 37.8

WOl Shake 91 E3}o] AgsIgon, oi7]4 4
HE A5k WS ol gale] SalHAlL] e WY ol
gatgith 2 AYo] A4E BHTE A9 L Ak
A, Ak &R B 59 Zon] 4o AgH AEY
oz oo W siE-A9 TAL 19 133 2
o] A8y,

B AE A7 U5 O, FUE AU, d=7)
) BEolA P gl BRAET} A} =Y
on] FUB| Zgote YRUE gho] BELE] y]
o vl 2A AYE e ok WE el 7hy
A4}, 7 BEo) BEEE P9 BRYF oL FUSo]
gERERd oxy} 27 wASAT BEYED 7
weo) By APAT o4 vlms 29 149} 2k

Pile Cap

0d
E .
2cm
Pile Length 2cm
32.2cm Acm
E|
chm
|
Base of Shaking Table

LI Strain gauge
2! 15. oA cha 28 2E(Doust Byrne 1996)

4.3 7|1E A2 Hlw

WS WES Dous} Byme (1996)9] L@@} vl
s}dct. 19 15004 M. e} Zo] Dous} Byme (1996)
& gRny BYRES Ex] 2YANNT A%
Ottawa Z2E AMg-ste] AR 75%2 ZA3HgE o]
o) 23 BEe] Zelol 32.20mo]w BHUE Ko
£ 2650g2] AFWFE WA BYEZES 0,499
AAEeR 7h 3 3 Ao} Aduse] wstet
FEL 2Tk Y At 2] Arus wake
Aol epix egton] 549 WYES YRUER
Bttt Ak YRAES X4 Ao vlm st
o 29 160 ehlon AMzke 71E gk A
At AFS Bk

FUEO] A Finn, Gohl(1992) @ gt B wiek:
129 17014 B ujo} o] YRn)E BYUEL £x
Holl 2LANF Ak AHLE 31%2) =23 A
= 24819k old =g WEe] 2ol 36cmol ]
SYPLE 80| 14N9| $HL Ak BYER
£ 043g2) ZRAELR AA T F Auke] AUz
Mol MYES SAsdor 341 WIES AR
WE= gbslelrh. AF AT A|vke] AYTEE 12%
Zrlsiglon St YEUES X sH Aot v
shof 712 180f Urehwith. ShAighe 71E ARk Hla
X gxshe Aee Bk

Bending Moment(kg-cm)
-8 B 4 -2 0 2

0 ‘@(—r"*T”*“' "’T‘MI_r_T—li

Depth(cm)

~—O—- Computation |
—+—— Experiment |

30

a8 16. 7|E A8 HI(TSES)

SE Winkler £ 222 0|88 29| L&RoHH 47



Pile Cap

4cm

O o 4a 0o

Pile Length

36cm Scm

O

8cm

1.5cm Sand

Scm

Base cf Shaking Table

0 : Strain gauge

3 17, ofA ChA 28 2=(Finn, Gohl)

6. oMY 25 I AW 2d

LH = =4
El 53112.244(kg - cm?)
Zo| 32.2cm
) o4 12.7mm
5 = 1.27mm
ZAH| 0.05
2A 53.4g
el a ye
L 1.55(g/cm?)
xut Z4{H| 0.03
AHAR RIS E 0.49¢
Nl E 0.334cm
H 7. oiMoia L% 2 AU EY
LH 8 g4
El 47400(kg - cm?)
4ol 36cm
Ty 2y 6.35mm
R =7 0.89mm
Fae-Lli 0.05
24 20.4g
ety 1.55(g/cm?)
Xt Z4{H| 0.03
X A& E 0.43g
54 B

£ ATeld AeeH 45z

At SRS AAlste] @

48 E=AINEER|=2d A18A N2z

Bending Moment (Kg-cm)

- N

74

Depth(cm)
T

—

20 —

—&—— Computation |
- + Expetiment

30

J8 18. 71E HEM| HIW(ZHSF

(1) =58 Agke e 243 APAE A4k 0.13g2] 48
AANEER Aee 7HElE 23 A 7SEs
0. 18g§ ZEZs19c) TE FH 7k T THETHE Q)
© FuLE A2 GFFo = 0.13g2 7HAEHY
o cq FLE GESHIET 9] 0.165g2 24a5HY
ok % %ﬂ% Ade *Q_Alﬁ} A= 2% F713)
of A% & A U= F7M= APEA Yotk
(2) ki) LA 7129 WAl si4E oblt &
2 AREA, #47), ARE AZFE ARgSte] At
E4E Ads| tget 54 227 AR $A| 54
A GETE AeE vy A3 ASets o
= A
3) A5 A2} Fuppol A Qo] FEEEL L
5 27 AFERE(SF 10cm)ol A HEe] 288k
T EZro] Hoirt ey e s TR
SELE Bl ZHE o] AR BFE BT

HARl =
B a7 saaehe 2472 AA A S: 1999

131100-002-3) A Y0 & S AFe] AR oo 7+
A} =gy,

o2
kJ
Mo

L A4, PE5(1988), “HHFRYR LAl it ft 240 A
[0 2R, #F TR —oﬂi,fi S 3] =2, pp. 49~ 54.

2. %‘%%(1993), RO 28} FA QS g 9ot =]} FEAY
FEH4, A =g, AAHS L



10.

11.

12

13.

BN, AL, APU(19), “HPERE Ve $ETLEY ATE

A YR AY. T8RS A5, A6, pp. 239~ 249,

. A7443(1998), “FELEY A", 98 TS Fedad =
2RI, SrEANFE 3, pp.86~89.
. A 5(1999), FELA-FA Q4 ZgFol 9 ARk GEE AT 2

&A1Y #3%5 §

5%, AAEEE, AL

. B A RE FeE(1997), IF H HPEA, AGEE AlEE 8,
pp.431 ~448.
. Dou, H. and Byme, P. M.(1996), “Dynamic Response of Single

Pile and Soil-Pile Interaction”, Can. Geotech. J., Vol.33, pp.80~96.

. El Sharnouby, B. and Novak, M.(1983), “Dynamic Stiffness and

Damping of Single Piles”, Can. Geotech. J., Vol.11, No.4, pp.574~ 598,

. Finn, W. D. L. and Gohl, W. B.(1992), “Response of Model Pile

Groups to strong Shaking”, Piles Under Dynamic Loads, ASCE
Convention, NY, september, pp.27~ 88.

Gazetas, G., Fan, K., Tazoh, T., Shimizu, K., Kavvadas, M., and
Makris, N.(1992), “Seiemic Pile-Group-Structure Interactions”, Piles
Under Dynamic Loads, Geotechnical Special Publication, ASCE,
No.34, pp.56~88.

Gazetas, G. and Makris, N.(1991), “Dynamic Pile-Soil-Pile Interaction,
Part 1 ", Earthquake Engineering and Structural Dynamics, Vol.20,
pp.115~132.

Kaynia, AM. and Kausel, E.(1982), “Dynamic behavior of pile
groups”, 2nd International Conference of Numerical Method of
Offshore Piling, Austin, Texas.

Kramer, S. L.(1996), Geotechnical Earthquake Engineering, Prentice
Hall.

14,

15.

16.

17.

18.

19.

20.

Makris, N.(1994), “Soil-Pile Interaction During Passage of Rayleigh
waves: An Analytical Solution”, Earthquake Engineering and
Structural Dynamics, Vol.23, No.2, pp.153~167.

Mamoon, S.M.-and Banerjee, P.K.(1992), “Time-Domain Analysis
of Dynamically Loaded Single Piles”, Journal of Engineering
Mechanics, Vol.118, pp.40~160.

Matlock, H., Foo, S. H. C., Cheang, L. C., and Lam. 1. P.(1979),
A Dynamic beam-column Program for Seismic Pile Analysis with
Support Motion, Fugro, Inc., 3777 Long Beach Boulevard Long
Beach, California 90807, pp.4~51.

Matlock, H., Foo, S. H. C,, and Cheang, L. C.(1978), “Example
of Soil Pile Coupling Under Seismic Loading”, Earthquake
Engineering and Soil Dynamics, ASCE Specially Conference,
Pasadena, CA, pp.601~619.

Naogami, T.(1985), “Flexural Response of Grouped Piles under
Dynamic Loding”, Earthquake Eng. and Structure Dynamics,
Vol.13, pp.321~336.

U.S Department of Transfortation.(1986), Seismic Design of
Highway Bridge Foundation. Vol II: Design Procedures and
Guidelines, Rep. No.FHWA/RD-86/102, The Earth Technology
Corporation, Long Beach, California, pp.55~61.

Wolf, J.P. and Von Arx, G.A.(1978), “Impedance Function of
Group of vertical Piles”, Proc. Soil Dynamics and Earthquake
engineering, ASCE, CA, Vol.2, pp.1204~1041.

AL A 2001, 10. 14, HAAFEEY 2002, 4. 10)

& Winkler £ 222 0|18

o
i
1
lo
o
™
ou
x
>
[{e]



