K % NABA RAJ SHRESTHA

ORI O AR it (%4h)

E R VAR ) PR AS 1205 5

LG AEAH FR343H 25 H

PG O S A EALBNGE 4 555 1 THREY

A G SC o H DYNAMIC BEHAVIOR OF PILE FOUNDATIONS WITH

FREQUENCY-DEPENDENCY AND INTENSITY-DEPENDENCY
(HRBYBARAFNE & SR BEARAF T 2 % 18 L 7oL DB 258 12 B 5 A A JE)
3L A & B ZHE #  w® EE EA
Hooo® % m%
i O A ¢ LT
#oO AN R

o v
i 1 11

WX DABTDEE

Experimental investigations are carried out on instrumented pile models (both single piles and pile groups)
embedded in homogeneous sand under 1g condition. Quasi-static loads with various loading rates and
dynamic loads with a wide range of frequencies and amplitudes were applied at the pile head fixed in all

directions except horizontal. The experimental results are verified with numerical models.

From the quasi-static loading tests, it can be concluded that the loading rate effect in the lateral bearing
capacity of the pile is significant. In general, the lateral resistance increases with an increase in the loading
rate. The variation of lateral load can be approximated with a linear function loading rate in log scale. On the
contrary, the pile bending moment, deflection, and soil reaction distribution profile do not exhibit any rate-
dependent behavior. Similarly, the displacement contour profile of the soil surface around the pile, computed
with stereo particle image (stereo-PIV) technique shows does not exhibit rate-dependent behavior. These
results imply a similar failure pattern in the soil irrespective of the loading velocities. The reason behind the

loading rate effect is found to be related to the viscous effect in soil.

Pile head horizontal impedance function (IFs) for both single piles and pile groups evaluated with, and
without residual displacement, reveal a dual frequency-dependent and intensity-dependent behavior. The
real part of the IFs, i.e., dynamic stiffness, shows a decreasing trend with increasing loading amplitude
strain-dependent properties of soil. On the other hand, the imaginary part of IFs, i.e., damping suggests less
dependency on the loading amplitude, particularly for lower frequency range, where the effect of hysteric

damping dominates. In the higher frequency range, the damping shows some variation due to the radiation



effect. A resonance in the damping tends to shift towards a lower value with the increase in the loading
amplitude. The IFs become less dependent on the frequencies as the loading amplitude increases and they
are essentially identical to each other for both the initial case and residual case in case of extreme loading

condition.

While comparing dynamic stiffness with secant static stiffness based on a given displacement amplitude,
a clear trend of the dynamic stiffness approaching towards the secant static stiffness of the back-bone curve
is observed. This trend indicates the diminishes in frequency dependency of IFs accompanied by yielding

procedure of soil-pile with increasing loading amplitude.

Current findings provide important information on the performance of the soil-pile system, which can
be utilized for the development and verification of advanced models in the framework of soil-structure-
interaction (SSI). Specifically, the intensity-dependent characteristics are dominant at yielding or near
failure point of the soil-pile system, and thus this behavior should be carefully considered together with the

frequency-dependent characteristics in the realistic modeling.



MXDEBEERRORE

WA SRR EARE, FM3E2H 12 HICWmIXFERS ML, MmN EDOIFERITH O THEE L W
XNEDOHEEZIT R o720 UFICHEAHRLENT 5,

ARG SN TSR B OBEATILAE OBTHEACE I NIREF I B 2 BB 2 F7ext G & LT b, —MIchidt
PEIREEY O LR L L THY O, BRI & OO TRk 2 R ICB VT By
YRR TE LI D0, TOFMMABEZRMOEFIERUITHRTHRD TEV. —F, 29 LRI
XZONLHEEYE. HREE, FRICHBICIZEHEZ 2T L TINETE L OWEIE L TE TR
Wb, TD7D, HIEHEEY OMBRETHOMPIZHEELZHETH Y, ThE TENNTES < D%
W INTW5D,

MR IS B keGP OB, R EY S QWM & HRATEOEH % 321F 5 2 & %A
SN, WINLEEY OB LR E T 5 L THD TEEL&E 2 729 M IR CE A AR
EE L CTRFICE ) BN OIIZEE I X o THIZED  ThN T & 720 S OBEMEIMENEH 2R ET 255 Eo—
DU MR DM E BT 2 K EH M OBE T FEDE T 5 b, BIEDOIIZEIZ L 5T, ZOEITLIINE
PR IRBY AR L WIS N D4R R A WE D 5 2 E M BN T B IREYEARSE & 1%, AU E O R
IREEDE N L > TEZDEITCHDEALT 2HETH D, Z OBIGIIBEN O BHE 2 I EY G OIS % %
HWTH Y. FEHOLE IV B OWERIFIC & > T L IREBUKAE 2 R ORI E 221 s
YRR OGN, WEHAREZBERCHHAT AL ICEIPNEINTVAZ L2 FLMEE LT, Wizt
HELTHE) bOVRPTH S, —F, TFEOHEWEE ZHITHIS L7 EI~ORBIT b MR- T, 4
BEDOBIICII R 2 RETEHIE T CaMili§ 2 LD £ o T %o IO Z NI 2 B E O T,
FATE I FER R SVEMATE & 2R OFFESIIZE S N TB Y EBED SRR R i & 2L O JE I
PEDSEHI STV %0 BEAEDOWIFEC X 0\ JEFEDBE TR ZE AL R OB W IVEAMERIR S 2 7 &8
LML ET LI EPHMONT WD, T2, 9 LB IREYBARAAE I U CREEMRAFE L I3 h
TWh, €9 L72EIFMREICIE. BARORM & L CENZEE) 2 R ET 2RI T Tn
e\ BUTOMEZEICIE. 20 HIRRHE T30 U ORI ICIRBY B L BRI W ek
FHT2HEFONTWLOPHIRTH S, o 2005 EOMBREMHT L2 Lid. BREERINERE
fili i 57k R T 2 479 LT CEENDOBIEORETH 5,

AKX TlE LR OBUEICH LT, MW LRI E2 BT 2720078 s LT, HAUERE & v D
FEBRER 2 VR LB SR 2 1T > T b ZOWIED T, $AT B O E W DB AEE O BEDOEAR IZ 21T
TR EBICEHET 5 & & BT, 3RICIEBILA BREEIRTE 2 F W 7= BB %2 920 L 56 2 BIR R W] 2
1o TWwb, €L T, Bt OIREBULAE 2 88T 2 72 D IFHFITIIIRFE B 2 920 L T B0 HRIE L X
WEBERICEL S S 2 LT, Rgiko/NERFEZE), EERLMEOME L2 HIH L, Zh 5%k
BB AAEIC AT T B EZFM LTV b, R x 6 ETHK SN S,

Kim X OH 1 ETIE, BWMHEIERICET 2 —Kin s CORELZRAEOMELZGIH L 2B OMHT 5 &
2, PIEREICE T 2O E R L E 2 — L T\ b, SRICHEROIRB BRI IS 3 % BEER Y. AT
WFge. REEMAEVE % 58 L 72 Macroelement € 7V 7 EOREDIFEE) N 2 BEF L T b, X 512 Lumped
Parameter Model (IZARERNRET V) ZFIH L 72 IRE)BAKAFVE & ol BEAKAE I % RN I2 B R L 72 i O fAT
FHEICHLU R T2 L EDI2, 29 LETEORUEPRIEFEEEN TR L 2R L. AFEOR
FEHMZFFHL TV 5,



52 B TIIAMIE THM 2 FERTFE L EHRRM MBI 2 M3 L, Skt 5 3HTIE, HbtEf L
TENUIERRE DR 2 B\ 72 38U S BE D38\ K A ATEEBE O BB 2 M5 217> TV %0 WL DO L
P B ACP AT 31 2 D A5 T BRI, BOHEAT, SdRaT o 3 o8y — 2 CTHERE, #D L
BT 2L TWb, ZOFERICED ., RRKEMIRETONEOHITO A, T22nh 50N L7k
Prid, WINOBAIRBICB W TOAMOMEEZRT I EHPEL TV, /2, KEMBEO 3 KICHREN
% Stereo-PIV ¥ 27 A TEHI L. HWAFREBICB W CHBEOZEM S ABING S L ZH L2 L TV 5,
C O Z EATHAT AL D EADSIERE S D MR O B VEAL O TERE IR B A T S T, BB E T ORI
—HEDMERT I EERBL TS, 72, 2 ORMEIZEERA S T B 400 2SR HU sR & BL L
7B ZRTEDOTH Y, KPIHRICE TS AMOREZ /R T 2 EIZERECH LI TH 5,

AT, BIEL A U2 v CEIRFRFINRER 2175 T bo 2 OFEEBR TR WO IR £ % %)
U2, BUNEIED S KIBIRE TOANCE 2KFA V¥ =5 ABEEFHEL TW5, TOKFEL v E—F
v ABBIIHEH OB 2 e RTIRIETH V. IR)) LISE A O %2 Z 58 L 72 B3 ke
T, FEBRRICED, AL BB E B ITEVCIRE B E R RS 2 & ATIIRIED EA IR B I A
AR TEAEZRT ZEEZHLNIIL TS, BT, TOMRTHIR % F 3 5 THRAEEIMBLO FREIME & b
RL7-&2A, BIMIERMEIZEEMBRO BRI -T2 L) IR T 2HEEA T2 2L LR
o720 MA T ZOFFEIE— BB 288 L. BRar B2 12 15 OV S E 7o R C OB IX /i< b ML L 7216
MZRTIED, ARLO—HOEBICTHRL TWE, 29 LKk OETRMS N TE 5T,
IREYBARAFE & BRI O R Z R T EE LR TH V. SO R E B EAEH O € 7 VbR
BRRGINOEREICBI 2O THA LT LV TH 5,

BOFTIE, F3IWMEFPATETHRONIIEICHTA2ERE LMGEZ HIE L7z 3RITIERIEA BREFR
X BN 2 R L T\ %o N Tla iR O IEHRIENE & L T Mohr-Coulomb DBEIVEE 7V & /NN A
BB 5 0T ARIRBKAEZZER L 72T VR RIRICHWTWS,, $72, Hi& o R EBII3E ) 23
HED R % SIS B L 2B R B R ZMAAA TV Do FRNTORER, 65 3T & 45 4 35 CRUN S 7= 1k 1
BBV T H RO IND Z & 2R L T b, FRIC. BIIZRMEE K IR O EREMEIC %3 5
LI ITPOR T 20 EDARENIICB W T OB TE A2 Lt ERERLEMNIL2EELRERETH S, FH6F
TUEARRLICL D EONRRLEO IR EZ T LD L L BT SHROMIEREICOVTERTN S,

Db X512, HAUERE, REHTIREE O BRI A BLAE W B3 % SEBRIGETA & AT AR AT 13 S5 BIK A>o fh
BICTHY, REBEEPOBELEEPHEONIZL VD, $720 TNOLOBEEIZESHEOETNVLDOKEE
) LR RO BEEHIMT THRO TEELZRRE 52 TWb, B, IEICRIE F—-FHL L THFE
fitr i L& Soils and Foundations. [E[F < am 3% 5th International Conference on Civil, Structural and
Transportation Engineering (ICCSTE 20) 12X T 5,

Db 2 &h o, Bpfiam CHRAR B ST ARG SC L (20 OFAITHISE LWNETH 2 &Il L7,





