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The Behavior of Piled Bridge Abutments Subjected to Lateral Soil Movements
- A Study on the Centrifuge Model Tests -

ro

A A F' Sub, Jung-Ju A ¥ 3"  Seo, Dong-Hee
A A A®  Jeong, Sang-Seom A % A" Kim, You-Seok
Abstract

A series of centrifuge model tests were conducted to investigate the behavior of piled bridge abutments subjected
to lateral soil movements induced by approach embankments. The effect of clay layer depth and the rate of embankment
construction on piled bridge abutments are the main focus of this study. Tests were performed for two loading types:
(1) incremental loading applied in six lifts to the final embankment height; (2) instant loading corresponding to the
final embankment height applied in one lift quickly. A variety of instrumentations such as LVDTs, strain gauges, earth
pressure transducers, and pore pressure transducers are installed in designed positions in order to clarify the soil-pile
interaction and the short- and long-term behavior for piled bridge abutments adjacent to surcharge loads. Based on the
results of a series of centrifuge model tests, the distribution of lateral flow induced by staged embankment construction
has trapezoidal distribution. The maximum lateral soil pressure is about 0.75 y H at surcharge loading stage, and about
0357 H at over 80% consolidated stage.
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2 4R s15e WA Btk o)2 Q8| yTE
7129 WERA7 SAEHAY mae} Aol &)
i B2oR @ AWAR £4EE 71549 1

AR Y SH{-F A2 19694 Pecko] &
sHR o2 AL A3t olF Tschebotarioff(1973), De
Beer(1977) & <7 skA&°] 93 AQE BA; HESE
S22 TS ST 3t AN-ER1LREe
AR EAll e AA/go] A= ek 0|9} §A H)
W SRS, oFd, WY, F4% W - AR, AukEata 2
e BASE 5O2 S SUeEe ot &
R72EY At} FAG ATRIN 5L Fo
th4 H 31 EQJtHFranx and Boonstra, 1948; Heyman
and Boersma, 1961; Stermac et al., 1968; Leussink and
Wenz, 1969; Marche and Lacroix, 1972; Ingold, 1977;
Kimura et al,, 1994). 712]31 S35 WH= ddokx|nba
o] W72 et Gk AA ol gAjel W AY
el oz TR 4 glon] o 2H3 Pl g
A= De Beer and Wallays(1972), Tschebotarioff (1973),
Poulos(1973), Tto and Matsui(1975), Y2 AXA4 ERA
T+4(1981), Springman(1991), Stewart et al.(1994a), Chen
and Poulos(1997) 5] 23} ol2oizieh. ABHS W
o I3k AL 60¥IT) ZUHRE oF 30 ofid ok A
AET @RA] 25 ol R, 0dT) Futo] ¢
ARG o] Aukgahrofo] ZEHARE A A
BR8] o3t ZHR-5-S W AR TE| 29
Aol A-8-=| QI th(Springman, 1991; Stewart et al.,
1994b; Kimura et al., 1994; Bransby, 1997; Ellis, 2001).
Eot Fufo] A9 PYRY(1983), SUE $(1994), =

ZFAH1996), 277(1998) Tl &Jste] JEof 7t &
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SR SRE S A F=EA, AS
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B 1. 71E HMDEHYY Al

{unit : prototype scale)

e Springman Stewart et al. Kimura et al. Bransby Ellis
(1991) (1994b) (1994) (1997) (2001)
G level 100 110 100 100 100
HYE R
he(m) 6.0, 8.0 8.0, 18.0 10.0 6.0 6.0, 10.0
cu(kN/m?) 15 15 15 40 25
dEsE
alkN/m?) 200 ~ 250 100 160 210 — 220 140
X sy ZH(press) A (fill) A (fill) Z4 (press) AH(fim
YEM 7| ZHdays) 100 — 500 1000 — 14, 30 21, 158, 210
wfaEIIx
ha(m) 10.0, 8.0 14.0, 4.0 3.0/fixed 10.0, 13.0 9.0, 13.0
dp(m) 1.27 0.43 1.00 1.27 1.2
EI(MN/m?) 5100 86 1180 5100 5130
(s1/dp) 3.15, 5.25 4.9 3.5, 75 5.25 5.25
(s2/dp) 3.94 6.5 3.0 3.94 3.94
HRIAEE
retaigingnwall no no, yes no, yes no yes
T T

ARtz e FAE Ak FAh)S AES
o] F2t Ao A <] v M T (c)E HEHQ of
HRleZ 2385 HES(q> Ashgala Ayst
S50 upd} AP HOkCL A EFS 23k L 315 3]
BAE e1gdtel AN WY YESHES Alstoh=
A(press) It A SHIE A AREE 27 Bl A
EANNS 248k A2 2Rtk 181 w
fUErjz 2H0RL 38 AnF AFUE Ayl &
AE Aol(h)e} LE] uZRE(d,) 18T TES Y
ZAENSE FoHSE AESIGc B3 2d)7)x B4
i 2 AW 52 HES] Y8 S A7) o
55 AT S5 9 vi(si/dy) 9t B U

A2 AEH e vi(sd)E i - FESHL

N

22 HEER R =2

B =R
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AR AlFH 2(F) X () =

AHEFPAPOR fHste SRS
= AEE7| 2O AFEALS 459
o E AYoAs adidEr)xe] &
LEM ARk AN GBI 4]
A8t ¥ 60 7 AdEIHES HAlsH
Aok ARk2A2 & 20} 77 20] YERd ble} Zro] H
AE ARke] FAY AZTH wet YAE Are] F=
77} 11.0~11.6m=2 315 AFAE e} Az oz
FAE 74-7H{deep clay)2t HAE A|¥te] 471 5.2mE
HE AME A|RhRch JjHo R gFe 73 9(shallow
clay) 22]3 HAHE Ryto] ALAE X[5F Afo]of §jx]dt
7 9(sand-clay-sand) 2 L8319t} 18] JERAH} A]
THEQA AESE Aotz de SAZEL/A GAH
o2 A WHE(Im30Y, 1m/15)3} AN ET
o AFst= & FEAGEE WY T 7HA 2 A%
STk

2% 20] vtebd v} Zro] HJESkE AshgAlS 3
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HEER RHtxA UExH JESE Xopetal HESE MotEE
case 1 1m/30¢

a
case 2 —deep clay 2(@) x 3(a) 1m/15_é
case 3 (he=11.0~11.6m) s1/dp=52/dp=3.3 press el
case 4 RS WS (a8 2 &x) 1m/159

ateESicE - DA

case 5 shallow clay(h.=5.2m) YFote © A 1m/15%
case 6 sand—clay--sand(h.=5.6m) 1m/30¢
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ELVDT 1| 8 LVDT3
PPT ¢ —p PPTe -
N4
' O
-+ . s
LvDT 21.& Loading zone
Plan
LVDT2 Surcharee load LVDT3 j
urcharge loa &
LVDT 1——>i_'_'—|i T ll*l i |
- ,, A 4 ¥ ] ‘i " T i
| Sand mat |
.. 109 66 .| 200 .
PPT4 » — oPPT1 "=
Softclay PPT5e - ePPT2 -
Rear Front - 7
pile pile =]
Tow row |
PPT6 » *PPT3 | 5
Dense sand | e |
] - - Porous plate J
'1 Sample box
Plastic blOCk foriﬁxing the plle tlp ‘ Cross_sectlon
9 — 200 Legend
(All dimensions in mm) @ [Instrumented pile (Strain gauge)
40 times for prototype scale < Instrumented pile (Earth pressure transducer)
Strain gauge profiles
Deep clay Shallow clay Sand-clay-sand
Im/30days & 1m/15days i Instant Loading 1m/15days 1m/30days
—.— Riar me' Th de of ‘ e . e - b e ‘_
'S Mechotng | [F e < 1
p— S | S Sand A0, e Sand mat20) _ s
- ! - - Sand(120)
SI e Soft clay(130) e
g g Soft clay(275~290) | g i Soft clay(275~290) ¥ 8 g 8 Soft clay(130)
r b L - o
e Strain gauge 8 Dense sand(205) &
oT : - . o. Dense sand(110)
:L | ] Dense sand(50) .5:7 | | Dense sand(50) >";R 1 ] ; ] 1
Earth Pressure Transducer Profiles -
Deep clay Shallow clay Sand-clay-sand
1m/30days & 1m/15days ' Instant Loading 1m/15days 1m/30days
[ Rear Fromt R T
’ M ml The side of T ] M S SR | M T M M
[ surcharge loading @
Eﬁ Sand mat(20} E Sand mat(20) Sand mat(20)
. . L B Sand(120)
R 2 i ; Soft clay(130)
§ B Soft clay(275~290) g S Softclay(275~290) | % g f Soft clay(130)
e b ] L] g
:j . Earth pressure : ‘ ,: E Dense sand(205) "
= g i 1 ‘ = Dense sand(110)
L R L L Dense sand(50) | ] L Dense sand(50) 1! l e L 2 . L L
J8 2 HADEHAH YO 5 ASEH| AX(HAT
si=2XetEsEsl=28 HI19d M1




FABEAE olgate] Aol AW HENFE At
She B4 (press) AMgHATE el Aokt 4R
Aghile] uRBHYS AEDAE B4 A9
QoldE B35UAE AAsHEom HEA N AF
S5o) weh IHLE7I 2] AEIHE FTREL
pryeje 2718 BN 95 RYUBe) 48
% AsiEo] 224 EYAS QAT B8 AR
F AshaT 1 W Al ol TS AR
o $BUSIFS 2] g WHALVDD T
x| YAPS APIAES BHY > Uk WS
Al A(strain gavge) AHE-5H Ak

2.3 AEEH]|

2 Ao ARgst AdAu|ole ZA ANE5EE
QA1 A 814 ] (geotechnical centrifuge), 3 7FE% 0l
A HEIZEE Asl7] §3t s15A 81 A (actuator),
AR E Rukg 2A4817] 3t ZAL7](sand rainer), =¥
E Z(steelbox)Q} ZFHTUE(model pile)o 2 FET
Qo olof digt AL o3 Hrt

B AFoA ARER YRR E 17 31} Zo]
A JledTds W ARFEAEEe d4X8
beam¥ o] AR Z FaA YL # 37 Frh

a9 4= B AYoA HESSS Asistr] HaEl A

3. gNxsrgxe F2HH

g3t ARl B AHolA AT 133t
P QAN EAE B JUAYG 2o Ysh
£ 2719 s1Ee A 4 Y=S AzEYon, 2
Age = 49} Pk

9% 5= 2 YA 8% BAPAE B 23m,
20] 3.0m, o] 2.89moln] 51%0] ATG AHUE A
B A AAE Ae AT AHYES 24517 9
S AFg3tgiTh o) 8 S8l B ZAPEAE BAbsols %
A7) PFEEE T2 A BAE 5L 2UT
A= AA=] Utk

a9 62 2 AYe] A8 2y EXE FUNEE
of gt S8 YT FRo} NubAFe] FFE ol
= 2 opae o] HA0HE $i8) nhae] A1 xo] &4

counterweight -

swing
basket

AC motor base

e 2

O 3. AN 7|1aHTA0 MM | (geotechnical centrifuge)

A

radius 3.0m

usable payload dimension 0.8m(E) x 1.0m(#ol) x 0.8m(&0[)
capacity 120G - ton

acceleration 10~230G

rotary joint (6 ports) oil(2), water(2), air(2)

electrical slipring

46 channels for signal
12 channels for power
2 channels for video camera

18 4. 551 A%l (actuator)

13 5, ZAPi(sand rainer)




H 4. 5t5X51EA A

pulling force 0 to 10kN
pushing force 0 to 30kN
total travel 150mm
operating humidity 10 to 99%
operating temperature 10 to 50C
E 5 0 U0 FoMY
+ £ o2 prototype model
HiZ X& mm 800 20
Zoj m 16 0.4
EHgA £ (E) t/m? 2.10x107 0.72x107
CHHOZIZHE (]) m* 0.006915 5.968x107°
Y (ED t-m? 145215 0.042970
& - steel aluminum
oF= 37t A9 ]/\ AAeFFon My Ad LVDT(Linear Variable Differential Transformer)= ¢
% AAE B 9 FFE 8l 9% = o2 k] M E ST 5= U= ASTI7IR 2 Ad

o g o]folx ok T §7]9] M= Zold
LA A5 23 o8 A9 WS A7
2 7439 23 E20 YR &2 7H= 80cm, Al
2 19.8cm, =90] 50cme|th

agx 2 AYdMe Y ZdEE|ENA F
2 ARSEA e A7 o] 800mmel WU ES AV}
7] Y3 FARFARAANA Y GARE HEA o wat 2
TEO] AdS 2o ol & 50 ek

2.4 HEHH|

HEFHEL Iut m@4dT= 29 A% &
2T AFTSHE YY) mEd] £ d¥lde 79
ZtEEe] et Y dE SE38] HET 5 = ASE

Bl S ARSI

P E 7Alo| X|(strain gauge)= AH F8 dgUd &
3 E5e 715& E4317] 93 ARe-stict 2 ddol
Ao 1y 4ES d2n|Eog AABElgoenz o=
g W2 AoIAY A TMLAS] FLAL23E 4
g3kt 283 2 Adoae xukzde] Zapy
OIDE HPE Aol A9 WS shastel Au ) 2

S0l 23 MFE AolA Y AZ2AE 23] AA
sm S5 MAE Ao|XE B WEo] FASIL LA
TE AAE 2 Ho R 1A} YA E)(coating)E T F
3MAFS] VM tape 2%} WA 22 sl

10 e=XpEssl==d A9 M=

it

A= France ] SensorEXA}oll A A8t LVDTS ARE-S}
Fct. olE olgst 2 A= JESF AsiSt
1 gkl A Rke] st sl Ao RSl
S AEGA ] et SAsHAnE 1 JEskE Aot
At JE & dhTA O wet FAHE X5E YollA
Y=l FEA=E 2] fi8l ZolER d& Kyowa
Aol A A&EE A AE ARSI B3 JEAGE
9] A& wof et i EE7|Zof 283 S5
el Exgeiet Vg A5 Al 2 *E‘E%MW%
Y& Kyowartoll A A&t 2174 6mm, Fw57 0.6mm,
27 #9] 0.1 ~5.0 kg/eom’ S ZH= 2 A|(PS-SKAYE B
3 YE| YEskE Mgkl AAsHH.

B Aol Aokt AHE AHre] Fa3t 4
Zold vl A= () S SA5H7] flaiA wid A
@ A 7|(vane shear apparatus)E AME-SHETH & AE
o A= PilconAtofi A AZHet A= Hj|Ql(hand vane)S A}
B3t e vk ZFwo] FgH o] et 19mm Ei=
= 4ol Mgy oer ARE3tqrt.

2.5 Alg 3 XEExM

2 Agol e el thExel dokxutel Aelx|
Ao] Yy Eet Foh4 BAo] A de deld 8
A BEAS BAE AN APLE AN APARE
AgEIgon Zzke) | BEAL B 63 3 70] vehy)



H 6. HYE K€ 7I2EY

=8y NES S4X|
HIE Gs 2.71
BRI ZE(t/m°) 71 1.493
AU BHA| (%) LL 46.2
2YBA (%) PL 23.6
24X £ (%) Pi 22.6
sY=FH 2F 28 Unified System ASTM D2487 CH

E 7. AFE X490 7|24

128y Ao S4A|

o & (mm) Drmax 0.850(No. 20)

& Y& (mm) Dmin 0.075(No. 200)
ENUSTUEE 10% LF(mm) Dio 0.41
SUSTHUEE 60% L& (mm) Deo 0.48
e B C. 1.17
=EA s Cc 1.23
Eof HxHRiE(g/cm®) 7 dimax) 1.669
A4 AZHAZEH (g/cmd) 7 d(min) 1.382
HIS Gs 2.62
B[ (%) w 0.3
SUEFHO 25t & Unified System ASTM D2487 SP

Ak & 63 F 7o) AN vfeh o] B UFoA A}
3 YHE A BE 2YA5726%0| T BYEFY
4 CHQl Aoket HAER BREgion, 287 g2
A FED ARREE AE ALESPHE BH5
et

B AP AL AR AU LEE 5
AUE AU PR NS ADE YT Y2
A}iom A

[
o
ek
_.t
;:O
r[r
0\1

'“41 2 FU2YY AHE Ao
2793171 Y3 7HP=OIL 40cm, AR E = 40Hz, Al
3 AAEEE 2ASE E9] 327]E 10mmE FAA|
Hck

= *‘@ﬂwh AolA T AHEE SHdd=
A7l & o|Ast A2 Ba5t1 o] 2 No. 200](0.075
mm)°f FHAIAA YHE ZIHP A& A% HAEE Al
22 AMESIRT olEe S T3 EulE AR

NEE 1] 80%2] &8 2(slurry) AEl2 23] ¥
23 T2 G918 Exo] Wi 22X17F B9t &g
étﬂ

30
O
njo
n
fr
E
feal
e
MR
~

of Efsh= 7125 S48 AAS g B714EE ¢
2 Tofe s A AHRE Auke =A% 2y
Ex Yol &A 2718 &8 =8 4AT ol 7tA] Y
Y1 1G oA ] 4TS 4A17F FF APt
gt o] o 1G Aejoll Aol dUsHES A3 A3}
B3} 51EAY s R|(actuator) S 0]-8-8le] TAER A
s}5tgl.on A A (prototype) A AFAE A|Hhof o)
7HeA e S S GHUEoR Bkl E¥ 16
Aol Aol el HFAITRRI 444)7H2 AuAE S F
3 42 29 79 Aut A3k} Log Alzkake] AR
AL AoA o] Aol ehmd AHoRRH A
stact.

a3 AR AHEE ARE 24% o 2 AgofA
= AAREY Hul A7 =7} Zlolof whet A9 Ay
Hog F7tehs AU UAE Ao g 24357 9
3 40G AefollA9] rdIFS 22417 stch
40G “gefoll A Q] ehdatgol M= Ak A stet Log A7t
o] TAR Ao RE AU APF=EE el
gt

19 82 AT Aute] Zod vui HAP=E
mHobstz] $1g ASHPANA Lozl H3¥ans vet
H Aolch IF 8oflx] Hiz upe} Zo] B Ago] Ed

20| BSR4 () - BUDHAE 07 - 11



Time (min) : Log Scale
0.1 1 10 100 1000 10000
| o

OT L i sl ol el
S
|

Settlement (mm)
8
|

rs
3
1

i
60 —— - ——

8 7. 1G YEjoilM2l LM

2 3o JE3MF AetEat 1 st HoA Z+z; Zold
2 E43 v AP RE JHE Ruke] FF
vl AR st AESE QsldAel AE 3 ot
DA2 Q8 0.2kg/em’oA] 0.32kg/em’ 0.2 °F 60% =
s 4 5 At

2.6 HATHAUH

Az ASFY) 15 SEW T 9AE 4=
345 AstaAS HE ¥ JUBAR B A8S S5t
At BAE HESHE AstRANAL 17 9of Lhet
W vk} o] HEAN AFHES HF HETS 6m7t
A Im¥ SAEE JEsks FAm30Y, Im15Y)T
HF HED 6mol] AYHE 52 FEASSHE B4
O ko] 295tk 193 HE F FUEAE F
K= o] 80% o)A grdo] M Al (prototype)
AREOZ 29e] gt AIZH 10412 STR $3t 7]

R:Epite

Stress increased by embankment (Kg/cm2)

o 200 400 800 800 1000
Time (Day)

33 9. MEX|HE A|BA&T

12 g=RgksEs=28 M9 s

Undrained Shear Strength(kg/cm?)
5

0 028 0. 0.75

J% 8 HESY HiH4 HERIT &% Yn

3. 4 du 3 24

2 AFdA= 2 Adnitt HodE Axj3 1=
TAREE HESF AstdAY AE F dUDA
Ao} RPN AT EXFEHE 489
ot 29 102 REkR A0 deep clay?l case 12] 32
HE d#Fe s yetd Aojvh. 18 10 (a)= Al
w2t AHE AN oA HAT ek wskkA
£ A5 o2 Yehd Aol o] A2 R ¥ oA I}
Y Zold EXFHE Uehd RHol 17 10
(byolch. 19 10 (b)ol] Uehd viel Zo] JAHE At
FGoA AiF ez A WA FYEEES |
£33 A - 3 AHRE ARte R 248 Hx} 744ske]
oo o2 HE AHY ZEA FH Y AY7EeU B
THHALS & 5 Yok T2 A2 AO] shallow
clay?l 4 ¥} sand-clay-sand¢l AN H = Tt 7=
Ao EEZ 7} deep clayQl AT} FAbeHA ZEA
FHE Ueon o]REE B dtoA 3% RE
Ao] FAj2AoE AHEHNSE IAE 4= 9
At

I8 112 AY JAgGA A uhet A E3HS AstS(A)
I Gt E&(B)oll A EAYTE AN AstS Ehd Aot
AE3HE A3t w9l A¥t A A7te] W& A
AE Are] Yo R Atz 7o] deep clay?l
Aol = ¢F 23cm, shallow clayQl HHA= oF
20cm, sand-clay-sandQl A@ofjA= oF 12em EHYSIA
on ol AF=2AT} ARRAA ddapgel zpojR
EAE AJRkz2d0] deep clayd] A¥oA JE3F
AREE7) 1m/30Y, 1m/15Y, 6m F5A512 Hely
of wet JESHS AstE A3 FAsH= A5k A




25 Excess Pore Water Pressure (Kg/cm?)

* * i * * 0 04 0.8 1.2 1.6 2

PPT4 ® ®PPTI o= - . -

2- PPTS ® #PPT2 ‘\— —— S |
1 PPT6 @ oPPT3 i

| 4 CE |

Pore¢ Water Pressure(kg/cm?)

Depth (m)

o=yt Long Term '

0 200 400 600 800 1000 : SR
Time (Days) 16 —L - . =
(@) AlZiofl wE AXI'E 7200 esjer {b) ALl HoiE EEHE|

J7 10, HYE A UT4L HHE

40 i 40 40
o Time (Dn)z’0 ~ Time (Day) (l)o " "&i}me (Day) w00 -
400 800 1 -] 200 400 600 800 1 2 600
° L i L L (T)o 0 ! i 1 L | . 0 I\‘ L |
F ..\ AESEAREAE® | 2\ ysazadedae) g BETEAT UASE)
: i :
g -80 — ‘ g w0 § w0
-120 4v = -120 — =120 —
A EZNZATEH(A) _ ) |
‘ - ’QEE}-%‘-ZH 5}%(1\) *‘ Aéi Eg}_%_ XH 5’}'%(1\)
-160 — J 160 - s —_ a0 A - -
(a) deep clay, 1m/30% (b) deep clay, 1m/15Y (c) deep clay, 6m ZM 31
40 _— - e 40 e _
B Time (Day) 5 Time (Day)
? 200 400 600 800 1000 0 200 400 600 800 1000
Pt | ‘ ‘ 0 \ . :
: ' ~ A A HE®
‘» N ESZA4E Bl ES®B) - M:&EE}TZM} H5(8)
H = HE8ZA3EA)
P PESFASEA) A
=120 = -120 —
A0 e -160 - e e
(d) shallow clay, 1m/15% (e) sand-clay-sand, 1m/30Y

A8 1. MESE MEEAS)Y W EBEE)MY X8t 331 £Yd
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