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Behavior of Piled Abutment adjacent to Surcharge Loads
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JHR(SYNOPSIS) : In order to analyze the behavior of piled abutment adjacent to surcharge loads a
numerical study was conducted. In 2D plane starin analysis, the distribution of lateral soil
movement was investigated by varying the thickness of clay layer and the magnitude of surcharge
loads. In 3D analysis, the magnitude and distribution of lateral pile-soil movement were studied for
different cap rigidity. Based on limited parametric studies, a simple method is proposed to identify
the lateral pressure of piled abutment adjacent to surcharge loads.

F8.0](Key words) : lateral pile-soil movement, soft clay, piled abutment, plane strain

1. M8

ARt AE, vg 5L AU 24F EFTZRES ATE ZAfoe AnkAE, AAE AEEF
go] U ARG Hr FE AE dAold oy HIZdE wjuExvte] HA, AvEHA S
AAsE, B dLAs, FE5% H - AHE S| A T
A7 ids] s Qe Aotk AA FUdME AFxuel A - et AF(FFE, ¢4, T
Zr Bout JtER)S FAoz 3 AMFAI a3 AYHAA S dE FA #He &
Zaa ot Ao S¥{Fo] HASH FREY AEd PR TEE
el AR A% = T
G F . 53] 457
2 AA - ANTFoE2N FRE
S5 433 ZA LAt Yot

ojo] AFHAAA AL = Je SUFF dSyol HasA A U HAANLTAY AA7E T
AXE 2G5S FFHo PY £ Je AAQ7FoY SUFEA V] € BEYY == Bt
AR So] TAFHoE FAHY YA Fe& AHZ AHAAA Ad=E HAEI/| e & dAolth
ole} ZL ujANA B AFgAE Au-TRE FA9 BHEY SHFFe dAUIIUE £ FEg
A7l W AT Yo g dYFo ojFojz AgA kY ZHE LEIIE FEEA NS 4
EdtFo] AstE o LAsE 2uFEYY BXdYe) A7 FRMH oz BASHH

o iy ki of

i

0O:

YRR FREES BEIEE oFolA it A/t dFely 53, d%3el AW F2E &
HaEel e ATE AAAL FEREAL S0 MAY FEREA FEHE FVELE %A 4

_.25_



Fsterbt Fast. AR oo g FEF 3
W g AFAEE % F9H WHe o859t

k)
1
N
M

lo
2

I
oy
=
o
R
2
>
U
)
it
tlo

o 71Fe

#5u%e AT AESGEH o) A Fa@ AL FEUVSA Afas ZdEge g
ot +EUEL ATHoz MY A T2EY FATAZ Ao} stu Egte] Aol
2 9ye olFn vl dEold :Lam FPEge YEAY wol B4, AN dotd 543 4

F(profile) 283 md - ¥Z FEE W LF WA FY T o 1A 8909 FF¥E Poezz
FH o2 getsirlde BE 0134%01 Ftdo '

A2y 2 42y 23 AdeE g

H/2

@ (b) © (d) " © ) @
9% 1 2EUE A8t SUEYRE

O 18 N2z 24 Te A" ZHEQe] ZHolud EYXFHE sMFHos TR BRAS
Aoty 1¥ 1 () AHZE B¥olm a2¥ 1 (b)dlAH 28 1 (7HAE A4zty BExoln a2 1 ()9
A 3% 1 (@S ATEE Bzolth. oldd ZWES BE = dcdkxue] Mg £EUEo 2
EQG B¥2 M gl AHeEHI Ae A2 2" 1 (DY oFH A7d FXE Tschebotarioff(1973)l
& AA A

AAZ FEDE ZL35) = wk o)
2 39 1AM 2o ded %E‘a’éﬁﬂg} s
FolAE 2D9 3D FANN S FYste] FFEG

2Pags F2EY 3R A8 2ASHE 2%
thh 23E FgHE JeEvlE @t mea 2
AFe BAsRA Bt

3. Ritssiy
3.1 2x3 Y

2 47 = F2E°] e Ait(ree-field) oM BAsF e A ATEHES A W&
frEass)yd T2 PLAXIS(1995)E ol§ste] 2449 Faa23¥ & FP3Ach. 2 HdAE
E 20) GERd wpe Zol Aotk HAE Xuto] AMAE A Abojd] fAF AF2AL ez H
EH%J"J AAstT o Bt A EEx e 2718 HHBEYT

23 F28 4N NMNE 6 node triangle £ 8 AE3te) Awte RAEH oM A HAHE
X]E]_}_‘—C Tresca®] &4 w2, AH4E AwE Mohr-Coulomb®] 844 wjdz HAsAT =
E 12 B MG At dig 712 A4S R Aolh

2 BANFE MM s QAN SUFFAN FFE VIAE QA W@ WA ATE +Y
371 Ad 1AHon d%Fe FAMHIG AAsGTe AV(@QF e Qs A d%F
o] T WA= 10m, 15m, 20me] A} FF2, BAsF 7)o viaiAE 50kPa, 100kPa, 120kPa
o A FF=2 AAsAd.

a" 3& Ak A BAFY A71E WEHAA AAAN dEe FLEAA T Ao
SHENAY REGYE U Rolth. Od 3elAg Zo] IAHE Aol AAE A Alold fX
A2 AASToE LAF YA FAAr TYR7F E5F TEAD ez Jdegyge

_26_



o 1 A7lE dYFe FAM Frhdel wet AFE & F ANG B 1Y 302HE Z At
o g Xwte] Ho SWHYES Annd WA EF A7)/t 50kPacl A 100kPaz 2u] F71&d A$ X
ol Ho AN E oF 3] Frtslg o 50kPaclA 120kPa® 248} F713 A X wre] o 2wl

39l Z/1eT. 2Ew HASEO] 0kPadl A= AekEel Aol g WAHEs 4
dEoz A GeRAR BANF] FHF Wk 1 MRHEE A BARE AL & & AYT

50m CL 50m

E 1. 259 FEeasA] AREA

AZBAZF (WN/m”) 14.0
JO E3IH4FF KN/m’) 16.0
<} —6]"1_ Eo}-%—lﬂ] 0.3
A= AR (KN/m) 1.0
Ak DR S 40
g AF kN/m?) 50x10°
AZ9A%F (N/m) 16.0
E3aEF (kN/m’) 18.0
o H
GICRS @ja }:ZN]/mﬂ 20
AR NP2 ) 0
g4 A4S (kN/m’) 10X 10°
nHEAZ (a) 0
AdRHoz HP45e HeAS BUSE JFS 2UAES dodE AFuUAUE S ndsto A
A £ Atk o B A 2o HE FFHAUZES BAYEDY AT AW B sAYE =
FHE JbsAeln a9 ATd GuUASE oplHE S5 S NELE A3 Ut 2 2
Ad FE22 HHANE 1ARE 2B Qe AFFAN BANS 8 A te] Zug
Tol 2¥e 2F1 gow oy A9 W55 HeHe BHY 5 UE VFoRE dB E2F

oA 4 (1) 2ol AGF FHolFAFE) AT BHHS AHEsE o] AHY Aoz wadch

_27_.



F= —F——F 1)

a2 ool B AT FEAPE AYAe] B 2URF A54S WS A SYRFY AE
7Hg Ze s A dAEFe Z7]7F S0kPacli @%Fo Zolrt 10mY B¢, FWolsAF(F)7t
0042 A EH7] WEolth. ol dE Z2IGAA AJLT #A7IF] FEAA 0049 LG
e B A ASo] RARFTY Z7)sh AokEe T Zrhdel we SWolFA4L 0.04
2ot 3 deiEz 23450 4 7tsEe & 4+ Aok
Lateral Soil Movemment (m) Lateral Soil Movement (m)

0 0.04 .08 012 0.18 02 o 0.04 0.08 012 016 02

P TP L SR S R PRI G U R N

Clay Layer =10m

—d——  q= S0P
—t— gloak
— O qlxkh

Qay Layer=15m

—a— g
—— =100
—— q-12kPa

a9 3. 3Edd S fHZA - AT R AT Auke] A
3.2 3xHA MY

B AFdae ddxZo 2 oFoA HAE Avtd ZYE LEIZE FRE QA HEFH}FT
Astd AS LA E SWAFEYY REXFEY A7) E Hibbit, Karlsson & SorensenAtoll Al 7A2d §
£3x 2739 ABAQUS(1998)E o] &3 334 #3dgsdyoz EA3dn. Awe FWygoz o
Bue SfEe Aitd 259 F5dgoz Qste w3 Ul (relative displacement)®] g
T A Pon W5 ge] EXgEe are Avtd U5 FoiAdd, 2EFRY AR, 2%
Wi, G543 T 98 AoldtA yved.

E 329 oM E HA SUFEde EXHY I IFS A= e F 2EFR
BAZZAN webA Atz THo AopEE AWRUTE. 2 3F 49 JERd vheh ol E 73
oMM HHAE SoldA LEFHNA e 2LHE EFHE A7) f8 25 FAHAA
BEZNAY 1/24 AFde FHAA7A] ddd dsA H4 S FHSAT

FEargdE I AN 71 Zol AHEEIT dE FA 0] 406.4mmeolit F77F 9Imm<l
ZALEDR A AHE AukS A2 8 node brick 24 F A3l RHL BAYAZ FH g
& Mohr-Coulomb®] 844 wldz BiAlstgtr. a2ln 253 5 FRAGe ZAAdHd e BA84
(interface element)& A&t & HHdido did 7| EEAL S X 29 2o

% e AAZHOE mesh 3EE THo] dutZe e Je BTE EASA 2T meshd

Z3 Q 2Z& Randolph®t Wroth(1978)7F 2% ez A3 FFAZ(rmol disl ALF 4 2)&
751-8-?5}“] 20ms AARAFATE A7 L& Aute] IUE BE Hololy o= Auke] Folfulolth

O

rm=25XLX(1-V) (2)

_28_.



‘lr_}::
\Vi VAN \Vi \Vi ” %_Zj
23
ez
4
1/2
> <Ry
AN AN AN
a9 4. fReaHAY g d(FUE)
E 2 339 $88 2844 2E3 A 183 GEHE] B4
o
v} & e g% 9 FF
(mm) (mm) (x10° kPa) EopgH) (N/m®)
406.4 9 200 0.27 77
2el TRz gEduzd
(m)
15 3] A T4 (unrotated) TH393F ¢ AF-(free)
A $ 74 (hinged) S21ukgF 314 (fixed)
o ok x|t
HE SRS E TERE B4 A5 R L
(kPa) ©) (kPa) Fobenl (kN/m?)
245 0 4900 0.48 18
weE w7 A
st A% (tan &) l 0.249
B 379 §8820AAE 20kPae] HESF d@ wuld 2ANMY HHE FysPon 1

A3 9EUEA A5, HESFT AeEo

FdE AHE F AR

ot 29 59 o] Awte] SN o Hed EX

a¥n 39 68 349 HHOR TE A BEI JUEAS TAHS] FAE FYEY BEE
Sehd Aol 3 64 A% Ausk UHA Wg0l3 DE A% FHUAL TASE 3 T
olvf PE ZWESIE UEhdTh T3 HAE Zold me BHd WAE JAL old e Auel

MAE HEd Aot

a9 6 (At EEFRY BAxA HATEY FFE AN FY At AxAAA A
o St dAste o FIEAAE A dAEA dEsten O A o de SYEN
XY= ATEE FHE AT THEFRY AARAC WATEL Bv A wHe
WEAAZE 2" 6 (b)) 2ol Anke] WAL sL 2AstE S FEHEAN A A EHALT

O o> fr

_29_



249 ZYEQY BT Be FPEY A$37E o rH FU U F e o

e A9 GY ABRE T GTEC w Wsse Aoz YAARY PUEs} ge A

BHANE o 08, AR FVES 2 AWl AE o 0302 BIHTL ot F o AANY A7
g 9 Fo o

E E
g o £ 0
13 3
a Q
12 — 12 —

] B=3m b B=19
—{—— unrotated ~——— unrotated
~——&— hinge ~——&—— hinge

16 ‘r T I T [ T 16 T ] T I' T ! T
0 0.002 0.004 0.00 -0.01 [} 0.01 0.02 0.03
Displacement (m) Displacement (m)

29 5 349 fRasdd 23 - BEFE2A BE SPA9
{» >P
f::rrf D/2
D ’
I_ 7 Ipr
Pox = a7y H

Y|
= —> —P
D/2
D C 2 /
Ao D/2
Pumax = ¢ 7H
Z
(b) BEF529 ZAA=z4d : A9 T4 (hinged)
a9 6 Aud B MY Y SPESY BE

4. FYRS0| QYIS xur=H

S8HE ¥4 7€ Il d7EFHE FIH - BHEAHT. 2 AFH IFUeA AR FHfEoR

_.30_



A% H3i7k 7hg AdsA dehde AAES ANRY dekxwge] mY R 27 FREL 4A51
WEe YEE QPANIE At dRES AARL Ak wpAA IHE B4 d4HE Avz
A& AT FAE Al BAYEY R4S Yol ol FoiR I g WEACIG. FERE
o WANEE AN B B J1FL QAT EZBYAGANA) 6 ol stol AL WwS A
UFE7h 10kg/em’(10kPa) ol3hel ASkAMolA 2550 W4T Buse At 4vHe
4 g7h5 8o,

293 GeR 2e ASNE 2EHE Wbl Aty BV F Yom FA AekA vy

9% nT Wast Ao

b

O FRPHIE LAY 5ol T A%F A3l 2m o9 HEA o|FoiAE S

@ TRTFEEH DH/2E TAST 43850 @ AUAAANE FAR AF HaLHE]
Loxth 25 HRE A

@ Aot AW 71E BE/ES £RANFo] TH VAN FA 25cmE 2AHE B S

@ QAW F¥e] HERF] AFF HMuls ARFERT 2 BF

® RH12Q BE AFFE WY YEADY AEAs mm o) % LAStE FS

5. YRS BEVIE

AA7A $9% & A7ANE B0z @ FAHY A2 4upd gLy 2o

© 234F AEE BAYETA 8 A Bhdd FAFE 2R4E 54T B 2
AR oprlHE AT A5l gRBold. 2 ATAN YR E2ITAA At 29

NEAFE o BAYL AL o] AAY Aoz BUUT

BEe] FHT 25T FAzA] BATEA Fede olFH AAY FEIHIE 24
F don TEFR AAxAC] FAFEA Ffde T BE¥x¥dygzs 399 o,
P HESO Bl I G AMEE AR Ateld AF AFzAAMe eEFE=AA 4@
& A424Y EXygez Jebdo

€ ot v
_Q’ (*]
o @

o
=
lo

H

g ATE AAAAA&IFGNA N 3 BEEE

T
o ggoz +gsgon 7 T YUE FAE =P
gags

1. #71531983), “F kA utd] HXg oo Seolgd 19 dAFH”, dFEAFEEIA, A 43, Al
33, pp. 63~68.

2. 9235, A5, olsHl, VA, HAE(1994), ‘WA L =23 3 AHEA" ‘94 B g
SEEI =EP-ANTZRE WYl B A2y 3A0YE, FFX6FE3], pp. 19~30.

3. olF, wFE, olHE, oQlR, o|FAY(19%4), “wule]l FHHAY LA o AAEAN” ‘4 B T
SEHE3 =EF-ANTZE A9 B3 A EN @3uHE, FFANFE3], pp. 31~42.

4. o|AE, T49(19%), Awte] ZH{FE, THEH HHAEA,

5. Brown, D. A. and Shie, C.~-F.(1991), "Some numerical experiments with a three dimensional

finite element model of a laterally loaded pile”, Technical Note, Computers and Geotechnics,
Vol. 12, pp. 149-162.

_31_



10.
11.

12.

Bolton, M. D., Sun, H. W. and Britto, A. M.(1993), "Finite element analysis of bridge abutments
on firm clay”, Computers and Geotechnics, Vol. 15, pp. 221-245.

Stewart, D. P, Jewell, R. J. and Randolph, M. F.(1993), “Numerical modelling of piled bridge
abutments on soft ground”, Computers and Geotechnics, Vol. 15, pp. 21-46.

Stewart, D. P, Jewell, R. J., and Randolph, M. F.(1994), "Design of piled bridge abutments on
soft clay for loading from lateral soil movements”, Geotechnique, Vol. 44, No. 2, pp. 277-296.
Goh, A. T. C, Teh, C. 1. and Wong, K. S.(1997), "Analysis of piles subjected to embankment
induced lateral soil movements”, J. of Geotech. and Geoenvir. Engrg., ASCE, Vol. 123, No. 9,
September, pp. 792-801.

Hibbit, Karlsson and Sorensen, Inc.(1998), ABAQUS, Ver. 5.8, U.S.A.

Tschebotarioff, G. P.(1973), Foundation design and construction, 2nd ed.,, McGraw-Hill, New
York, N.Y.

Vermeer, P. A. and Brinkgreve, R. B. J.(1995), PLAXIS: Finite element code for soil and rock
analyses, Ver. 6, Netherlands.

-39 —-



