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Estimation of Critical Height of Embankment to Mobilize
Soil Arching in Pile-supported Embankment

T 9 = Hong, Won-Pyo
4 ¥ Hong, Seongwon
Abstract

A method to design a critical height of embankments is presented so as to mobilize fully soil arching in pile-supported
embankments. The behavior of the load transfer of embankment weights on pile cap beams was investigated by a series
of model tests performed on pile-supported embankments with relatively wide space between cap beams. The model
tests explained that the behavior of the load transfer depended very much on the height of embankments, because soil
arching could be mobilized in pile-supported embankments only under enough high embankments. The measured vertical
loads on cap beams coincided with the predicted ones estimated by the theoretical equations, which have been presented
in the previous studies on the basis of load transfer mechanisms according to either the punching shear failure mode
during low filling stage or the soil arching failure mode during high filling stage. The mechanism of the load transfer
was shifted beyond a critical height of embankment from the punching shear mechanism to the soil arching mechanism.
Therefore, in order to mobilize soil arching in pile-supported embankments, the embankments should be designed at
least higher than the critical height. A theoretical equation to estimate the critical height could be derived by equalizing
the vertical loads estimated by the load transfer mechanisms on the basis of both the punching shear and the soil arching.
The derived theoretical equation could predict very well the experimental critical height of embankment.

X

HEAADBEALDE Hgsle] AR Ao) AEg AA SR T A BEA) AEAN Yol Ato}go]
WYY S RS WANEDS ASk: who] nisisigick WA BEARO| o] wind Yo AeE dues
UG BFUHS AA5lo] HETHA ] B HEshEo] s AE S 2AT HEAN S0 AuolHo] Fita) wrg
H7) AR o] HETE AEH0 BESITh HRARAT, S Fe TEARIRANT tol ool W
5 5 gl oS AUHS & g AR o) B Hol WS o & Alaich AERANAE 4

Ao] ofx) Wl F31 AR BRI RE] ofslel AEsHEe] BE sHEHolL NI TAERA
A
o

& xtiopAe] Wgsiel AvoIYstslso) ofol sftiolt Halsick ol AUERAS IYSEA 29
el A 217pe] shulmsol ofgt sl o] A US At ol ATelN % AXE ol2HER AP
Aot £ ANE Rk EE BRANAT AYEAe] BRADTARES) o7 o) sAUBAM TR
A) Alonpan o otk s5Ho] HAUZCE B A8 AT} 2k Bl B 4 13@ HEA)
G 4ol ANIIRE 325] WS IoE HES of AREL e} S A ABSIeRoE T8 Farch T B
Aiolge] oft skEle] AUzl oA = ARIEINIE Holohs AFH olEAS UA $0 A s e

T Sk OlBAE RET S UL o] oA FANENY] AYAE F dE5T 5 itk

[T

Keywords : Critical height, Embankment, Load transfer, Pile, Punching shear, Soft ground, Soil arching

1 284, FYdgn Zi’?—i%%%"f‘—}i% 4 (Member, Prof., Dept. of Civil & Environmental Engrg., Chung-Ang Univ.)
2 439, FYNET G T L A7 (Member, Researcher, Disaster Prevention Research Institute, Chung-Ang Univ., swhong@wm.cauackr, JL21A4F)
* B R Ut volE dabe 39 20019 59 NGZR T UER sl A ikl Akl dE Eah gl i el AAsle] v

SLEXRMERSE U KGR0 2Ee =~ = StAdENS I 89



g
©
X
r[I
o
%
ok
o
fil
©
T
T

o] glo] o
2] ol] ALAJBLIAE A9
REAATEA 2 0] 5% AT Holmberg 1978;
Reid and Buchanan 1984; Johns, et al. 1990; Low, et al.
1994; Gartung and Verspohl 1996; Huang, et al. 2009;
Wachman, et al. 2010; Chen, et al. 2010). Gk 40
WS AL o) JEskEE XA|sHA shE U
T AR Qo) Q= HE EARR) Atha]l As) aolz
QI5te] L& Ao] JEAo)= 2jtoba)(soil arching)©]
WA gk o] ARtobl@Ae| ofate] Al HLE O
BTl Ul AYEER A Akt A&
slgro] A A 83514 ok Hewlett and Randolph 1988).
Hong, et al.(2007)2 =g 8] FARE HZA7] HEZ]
AT g HHEAUE W o]2eAS F3to] WEY
H Ao} AEANE Loff W ElE X|Wlob @Atel o3}
of FFFY RSOl WE| AYEE FFHela
IE AHAE] FrERE uE Qloh B S 5(2010)2
W57 E ) 7hA o] R 537%1/} ‘%-* MR M| 7H4
off vlsto] R} FHEBHA] £
dto}x) 7} whakalA] H-ahal #H A A L,’;{rﬁ%ﬂ(punchm shear
failure) 7} 'WASHA HE 1
AR AR ABEA L3
o 44 FAeE dAstaA & 4
HAo| st FHejAe] AEDE AAs HlEA] HAE

1:;(]1:7 /lol—

6}7:]] A EJ_(cntlcal height of embankment)2] 7|&-&- u}
HIE o 5l Qiok. 4= B oo A=

SR 082 Atol A Atol o8t A Bl slEAlola
T e BEW - U ARAAYEALT) 3
oL A U ik @ 4 1 Aol
Aokl 2 252l et

v
2,
Ol
—_
4
2, 4o

9 ue) 4EnE AuHew AR, 198 ¥ A%
AR LEA g o) tfsto] ofdof At JEANE &
o 9T 4 9= F 71 BRE 2 Auiopyuie
Z(Hong, et al. 2007)9} HAAGH AN (ZTHUHE 5
2010; Hong, et al. 2010)°)| 23t A1 E7E H 2y
BAE ojzshd A8AARSIT EG Auto}ol
W) wmw ol D 4 g el Al
AP RIS AP AE o] BH o g FElo] BPAF
4 39 WAARLS olgdon 29 YAy
E o7 gajdo|n ALA

7|1EAHF
2.1 YSEXXYEXYE & Tl RE

2.1.1 Ale}A TR =

Hong, et al.(2007)-2 YEA]R
o 2ste] Aot el 715
ol Aolatirt. 2 Aol
Y 0de o B
cylinder) 2 Ve 4 glth o] x]@}oms.{_. LHTH}.L]QJF
QHur o 7 wAlF )k 9]
o Bk Afo] o] 712
1 Atole] £7HAT Lok Auolggele

3elat ropdele) £ pioa FagEoe] glov
Ee] uhz gl #7]g

h FE

2.1.2 FAAdT R E
T (1999, 20102 HA#vhita) WA Au)

TIRTTR.
Embankment

Outer arching zone

8% H
Tnner arching zone RSN My R 3
Soil wedge ; H, 4
é N
Soft greund SN A .\
D2 Cap beam
e - N
D1
_'A\/_ _J\/"' Piles

I8 1. Kigorel Jster Y



SIRYTK
)
r=r.e ;™%
B
E
H D 2 2 E
r'ow 1
1
@
3 I o ® 3
C A
| -
b
", @
0="7%3

Y%

I8 2. BEHC| st B4l

of 2Aste] HPHTstTe] A5t BAL 19 2
el @Aﬂﬁu}. N AREA7) o] 12 o) Aol
2ol o 9l o5 AP O R BAY 4 glon Aojz}
vt el u}ﬂ 2 g9k (n/a-+0/2)0) BAE
7L glek. 24999 2 o 33te] Ajolo] Wi

At Shear band) ABR CDRl % 471 7k
BDZ wAEE o1 244G 24 X uka 7]
o 104 9202 oo} ST AEE WAYH T4
Al BE% BDE: e bAo s Eadt
TENR Slo) HAADu 7}
e ‘EZEEA 7 2zl

Jios setel g
22 HEsIEe 5HEHo|

221 AT R = o3t s3]

Hong, et al.(2007)-2 13 1ofjA] Tatsl A|droja)at
Ao ofAste] WEA R HolHe HEdtF A
A4S A (DB ol Agtakich

By=vyDyrH—o,D, (D

oA714 P Aol AEHe AsHEols D& BE
fRo] A7t Holt), o,

s
D, A7 19 ASEAN Aol AEFH= A o]t

0, =0, + Hyy @

A7 o= UFokx] AHAA ) S5 g o]t
o 4 (303 e & ok

N, —1
S Ty |7
Ji_v{H No—Q} {Tl}

R
+y —31l—|— .
N,—2 ry N,—1
71X H =H—-H, H=EL, H =%5o}x AR
o] g0, H, =Ulobx] AR Fol, ry = 2lHo| ]

E]_]_—Xlga LHJ:TLOI—Xl"‘] H]-X]T_‘la N(b:tan2(ﬂ-/4+¢/2)a
¢:*351H4 WO c=HEAY BAE, - HE
Ao] ©¢lgerolct.

HEAARES] BE B A @)%

ek,

.

of LErd 4

= ok QITHEUE F 2000, 2010),

L R R L B
£y =ab 9 b 2 ang+c tana )

Al (5)9] b= WENH ] Zo|n et A 2 &

[\

19} A)uk 7] edele] Eojolm af} m= A ()3} A
M el 78 4 9k
a=m/4—¢/2 (6)
H, =%ttm(%+—(§) @)



Motor

i =
T 7] Connection
i board
Hopper system
Pluviation !
. L Pluviation box L__
equipment | (ST T T

Pluviation of sand |

Main body

Sand fills

/

Cahlputer

00

et

Soil m
container E °
box — Switch

Recording devices

st

Mc')dei soft ground

0y 3. MEdRie) ASk

AHeE BEAPAR ) AR A s AJae 2t
DEHSTYUE E 20100 FRE)R sk Aurzel
Mol thsteigt Ayshd ohgat Lok

A BRG] A AG T T1H 3o =AIE

Hieh o] A B
A2 2 LAEo9lc).
© Hie} gho] 3 do) WE ul WEYHE FA|sto] At
T EAFES AN 5 A sk
AAE 3 do THEAR, A L
T wjdzE RRYES %741‘?1
;;L-’l
T

3 B2 w9 o5
EX
- 1

,r
)
r]I.
o
ofr
ol
)
il
e
B
ot

y_oﬂ xk@.o}.‘: A] E{)}_é_.g m
AR HAsih Exe wEgd

Eirol, WEY] o] 5-& 1eiste] 7401 100cm, &
80cm, o] 110cm= A|2Hslgich o] o) mE W= A

g golatA sla GAE HEA Yol UAF
A GAAZ7] $18te] BE2E Aok AR F 50cmol)

A Ee7E et ahglth Y HELS 2]7o] 3em
o|3 Aol7} 15em?] YFulEEo g ARl on o
7

=
S E "I -r—ﬂﬂ % 9l 2ol 7

32 ABAIER & AEAIE
2HAPIN HEEAL 227 = 1515
92 EINUSE=2E RN26A Wi

Ge=2.620|h, T3 AZAE o) Hoh AR Fekn
A rAzToEee 247 16kN/m'T 14kN/m’ o|ch &
Aol A U=r} 72.8%4< a A o) A BE AL
& AABch A UETL 72.8%2 H g A ETe
15.4kN/m’ o)1 " 1-_%—?:}2},&] 52 A3 Axf
U}7\1—71-9_ 40.2°0]21t}.

= W WEA R, 3HEA| 9 il
£ UFAHAS BASA EXE RAUETA =
o Y& Fof mer)E wiAjAZich Rl

Y] 4~Sem ol saaaﬁ
Heg BAHAEAAL
shlrh. olet go] Bt
5l ojuje] JEgole} AHsES B A7 71
o ZAeto] PC) AL ©l9} 2
3] Whesio] A7} ek demAErt B W7k A
& Ak

2} vl A RASIAIZEE 2A1 7 0 2 Aste] A5t
oirk. meh] B Aol BERe) 7o) wmA

o

N

)

flo

=)
o

s Mo
>

o Aos garo g SEMR 7kAE] D,/D, 7} 0.9, 0.85,
08 = 0.757kx)2] Y] L5 ez Aajstith



33 2EAHAY

331 AE3Fe] S5 A%

a9 4@ ()= 22 UER RS 46 D/D 7}
0.99} 0.8¢1 vl ¥ Fu.o] 7HA0] WL Hoo Ay 2
2 BERR) AgE= RSl Wl Azt
ohet e Dolnh HE 7)o AAREAE A9
Stile Wby oR THEAMH | HuEle dXsiee
& A% vlwd gs| SRt 5 dF Ao
M= Asg Holar gick
RO ZEAu|7E 0.921 A AT TH S(@)el 9
27190 A WA At A 7R 9] A EGA

AHslgo| JEBFAYSE T thh Fadhs A
& By} o] AT WENE Abo]] 7kA o] 40cm
2 ‘s;} AolBR AYEGANAN HEEF 25t
of ¢ofalte] WAl YalahA| Eln o] s} slEHo)
ATl ¥FE 71A A¥stgol das | Aom Ay

|
¥= 158 kNm?
$=402°
D,/D;=0.9

66 -

ol

e b
o iﬁ‘
r.SL m mE

0 Zord e ol
ox,

1l

126

E

B

Verticalload on a cap beam P, (N)

@ 200 460 600 800 1000 1200
Loading time t {min)

(a) P wO| 26240] 1,/D; : 0.9

128

7= 158 KN/m®

109 - 9=%02° D
D,/D=08 K

80

Verticalload on a cap beam P, (N)

[ 200 400 600 860 1000 1200
Loading time t (min)

(b) L=YEO| ZkAH| D,/ D,

T8 4. YELAE SIEH0IAS

YSTXAER L) KISOIEO0| e &

Zhsick. et ) A AsEAelY FEE AR 45
AHsF] A B T SEshE A4 AR
%9 ShFHIAFE Kol 9tk

shl BRI 7|7} 0

H + 18 S(b)ell
B a}g} 7¥o]

821 7
AT A
wolthzh A ¥l 4
Aol WAk Z7Ker

[}
SRS WA SFHOIATE Hol 7 olck
o=y

A= olE A AN sk A=7h AHol met
YENR) AdHe HESSRE v ste] Frlsta
&S o 4= 9tk Tl A ECHA o A= EIY R
Agee JEsHEo] anA] A4 ¢fou AR
oM BEHEA AEE= JEsE2 ulgo] 4%
3l FdHL E& & ATk

332 HEas} Aolstse] 9
1% 52} (b= HEARAR D,/D, 7} 099} 0.8
T Ao diste] 2 JEGA A TR A

Linear regression
2 |- analysis curve

Linear regression
analysis curve

16

Vertical load on a cap beam Pv (kN/m?)

¥=158KN/m?
$=40.2°
D,/Dy=0.9
He=12786cm
0 ,
0 0.1 0.2 6.3 0.4

Height of embankment H (m)

(a) Y| 214H| D,/D; 5 0.9

v =15.8 kN/m®
$=402°
D,/D=0.8

Linear regression
analysis curve

0\

Linear regression
Hc=2075cm 2nalysiscurve N\

Verticalload on a cap beam Py (kN/m?)

0 0.1 6.2 4.3 0.4
Height of embankment H (m)

{p} Y=EWEO| 71H8e] /D, ; 0.8

8 5. B0l mAHLISe HEt

i
e

HEENS 2

]

Jbo93



A ARsHEe +AANE 2 WA HEnete] WA
SAH Anoltk 19 Fo EAE dede AUAE U

A4 o vhehd e el ARz
H2lsl59] A8 3] B4 M(linear regression analysis
curve): %}:ﬂﬁ 7]%}3,_} A3 O]E]r.
g 5(@)°f Sjshd deA
f“sﬁl%’i%—i Alof 1 et AFstEo] S
; AEGACNA 9 AZsHE &
7HHlE AAEGA ALY dAsE SR 2
A ek Sk 3 39 Sy HEAE]7E 082
Hoo| AANE MHR7IAY| 099 Ao} FolEt A
ol gir ojelet AL o Hee) bz
el BE FYsA ekt thek 7y
H7E 0.759) A9 7 A9 FA40] TR
7} % [3HA] ehgtont HjwA We HJEaloA F AY
slARA Aol mafsta ek
EEZ0] Foug Ayt o]
AQEdA A 270 WEE 5= Q7] EcE A
Zhgic,

dx 27 SollA He uiel dol £ AFsARAA
o] Y= HEA H S 7R ARG IR
AN A Y slFAo) HAUZ] 5L onigitt &
AREGAANA = 18 F o BAE Aol x|¥ko}
ol e 4= & A=A AE7F AANEA BF
FHE ujgitt wEbA] o] AejollAle ARtetA]wta]
Bro] 93te] JEsE9] dFol7}t o)fAA] 28}
2 AR R 2o ote] slEHol7t o| AR

oJm|gttt.

g F o] AY3|AEA el This AR 4B
T AR e DAL 1Y 29 & o2
HujFol Faages =AE uiel Zo] JEAHY
A|gto}Ado] F-23a] drdE o] ARtoputn R o5}
o 3ozt o]FAES Aulsith

uebA olE AR JEGAH ‘IJrE)r =7
e HAMGHR | oJste] sEFlo]7} K=t

7FAEL HE NHOE 0|39 Rl 1% Ao}
Ao ojste] F154 0]
L gick

4714 shFA o) WAL o] Wk A JE
H5 A4 E3l(critical height of embankment)2} % 9]
T 5 A} wEbA AR A DEA LA Ao}y
AIE F83] B8l JESTS YEAYH | Ho]

[e]

2
H

32

lo

2

>

s

flo

12

ek

i

°ﬂ CH?'{

f

lfaJ

3:0

o o] %

Yo

\’J
,e\i

94 E=AURESE=2E M2 M11E

A71EH o] FAHEL H R A JE7E A
of ghg Kol gtk

4. 1 F

i

4.1 SIEM0| MAHUE W2l ol2X &

a9 62 Atopyuti et WM RE <
3 wsol Hojsl= AxsiEE Al (1)4 A= /‘F—g
ste] vl Adfoltt. & AtolAuHrE9] 3
T WEQEAAR D/DE 097 B 4 (DR /‘&gﬁi
AZsHFolH HYATI = 2%t A=
(S)OE HEE gholtt & 93714 JEEA] DPHX%W
Zeky} YRupakzhe ZbzF 15kN/m' 7 30°8 STk
29 604 K wpet Zo] = o4 (DT} (5)°]
Apete o] 1Y 59 Aot go] EA=
& 4= 9k & AR 71 met g
=o} Aoty mt R o] o3 o) 2-83h= A%
3159} o] 2A7F YA He ARV EAZE &
= Qlek o] AFelXe] HEE I7 SoflA{el 2ol
FANET A2t T 5 & Sl
ol FAFEI} 7HAE uie AEAN ol ARt
opfo] WEd 4= Q= 4T L8 JEIE E 5
At & AR W2 Aol e FEANE Ujofl ARk
opyo] gdr] watns HAHgu e o) 4
Eslgo] Wl HolFHtirt o] YAHELEG w2
BRI AE ARtoo] HEAE ol dE=o] ARt
oputz] R Eo] o] sErdolrt WA HS ulRi.

¥ =I5RNm 2
oo N )
i B/

. N’

Seitarching (D/B=0.9)

(]
]

—
W

ot
&
T

Vertical load on a cap beam Pv (kN/m?)
w

<

[ 0.1 0.2 0.3 0.4 0.5
Height of embankment H (m)

T8 6. stEH0| gi7UEe] HWEe WE HolsiEe] xio|



S 1Y 604 1,2 Aol nkE A mojE
o8] o] Tl Wto] YR HARY &
o1 Slulghet, 25 HEAR o AWl Bakde
2 warslen Ayolygelel ko] murt 5& §H
HET H, OO R HEI AN Fojof e © _4u1fs_m

o] BANET(H )= ANtobst B ot
()7 B TAR | g 4] (5)2 AgE Qs
% P7F A B 9] HEL o[uR o} % 48 27
sfof 4 (®)3 o] H=d 4 Yk

plmel () oy
TN =2 )\ N,—2 2

—v-1>~

C

N, -1
b(1+tan¢) D—I—D( )
T
1y gw&)v be
I 2 tana ’ytan(izv : ®)
b(l tan¢)—D1+Dz(2)
tan f
B e AR o) vt g &
& ARl Fou= A )] HAE cF 007 st
WAL HA= 4 92} 2ol ehd 5 gt
N, —1
n T2 Ty
02{(H1+%‘2)(h) N, —2 HZ}
H. =
“ tand ry |\
b( + )—Dl+DQ(2
tan 7
o
anq
+ . N1 €
b( + an¢)—01+02( 2)
t: T
Seil arching test
20 - (Hong et al 2007: D,/D,=0.7)

\o !

Punching shear test
(Hong et al 2010)

EEL .

L
o O

[ 0.1 0.2 0.3 0.4

10 -

Verticalload on a cap beam Pv (kN/m?)

Height of embankment H (m)

8 7. &2 212 R i 5EEX0| HAHLE

LEXNXNSEXLH L XIBOHRI0l HEE == QU=

o
[\9}
rgl
o
r
AN}
E
it
mII
0=
AN}
olr
00
a2

2
)
2
>
rot

;(] dlo

-

dtob] WA Ao ofshH st
o] 7V £ WENEIAY D/DE 0.7
epdnl 9lthHong, et al. 2007). ©)&= o|A
JollAl= ARtopx st it edbfo] gofste]
Gt BEs A WAEA s 5 USE 2
. A8 Fo] el gt viel o] R 1A
75 A7k =¥ R HX|7HAe] Fouw KAt
dcto] JER|gkof A=A oA & o &
webd of A o SHelsh] Sl
|7F 075018441 0.7 oJskql F-E thfer 2
719}8l) A% w413 A Hong, et al. 2007, 2010)E
g paE|Rs|R2 st

19 72 WEARAR] D/ D 0] 073 B-E oA
o ANFH Aol R s 3 4% 2 kHong, et
al. 2007) Urehdh “1olek o] 18] iowi @3

o,
W

o ol

oo o lILl i
N (o]
jg o
U:

\'—erzi

8

N
—_
<o
N
—_

ot

41r>*

2 oM
AU

st

o

N o3e
d

Hr

ol

o

29

A

A FATE v @5k QeHEUE 5 1999, Hong, et al.
2010). HEZAB]7} 0.7¢] 9= I8 7oAl K= v}
o} go| HAAUT AT of o) WEA R Ho|y]
L AR Auolyulzmso| o)F] WHEHE |
Zo|x= 9-1; 3% ] Ao TA%FS & 2= Qi) whabA
o] gk 4ES UEe T Us
2y, whebA ojet o] YR ZEAY]
= PALES Hle GA 78 Favt gl

¢ =45

H./H,

¢ =30°

T Dl/DI,=o.7 D,/D,=
D,/D,=065 | D/D1=078

A

0.6 0.7 0.8 0.9 1

Interval ratio of cap beams D, /D,

Critical height
of embankment
=~
s
i
b

T8 8. S ELDR 7HH|

ro

HHEDS]

08l

Jb 95



28] 0/D, % ATA| LEd Tolth o474 B
i) WA 7EA] wet slektE o R P 4 glont
IAYED Aol dstels 4 (10))4 & 4 Ui ut
o} ol YEEAS] VRnbaze] G Wi g

2 QEebEzhe 300004 50711 5% ATl A

Yol azRe 3004 S0P 50K skA| 7] Ak
Helsheieh. HREAL ofe] Usnaztol] thato] W
HAe Rl Hg Abse Au S gate
2 H/H, 3 AV3ste) EAsT) of el 217}
of Yrupzze| et m/H,0] =AE ohxgt XA e)
AR A7k B A R} 48715 S
8] (D,/D,)o) s Bk,

7% 92 717 8o)A] Uubazbe] 30°0 4 50°7H%]
Apolol H,/ Hgo] 270l meae o] s
o) AANANE WA AASte] ek 1
ofth. FAZABN(D,/D,) = F) Wiolazte] 71
o TA AgAoE Frtekn e o 4 otk 19
ool SJ3p# of AL} e 2

Hu

5

hand

o 0.9
=
S
i
a 08
<
e
£ 07k
g
=
;’
¥ oz 0.6
& =
g 2
- @
- .
g abs Punching shear can not happen
2 £
£ g on space between cap beams
o S
v e

I S

20 36 40 50 60

b
s

Internal friction angle of embankment fills ¢ (%)
8 9. TAILSYE A

96 E=mAgEEs =R M26H Mi1E

4.3 AE|Q 6 EX|Q| H|E

43.1 Aolstze] A&
1% 10()9} (b)= 242+ ARQ] A7} 099} 0.891
AR E o]2d S|} vjwet Aot 1Y F
12 AHATE EAIG Aol A4l Z]H}OVBJM
nez ﬂ g A (DR AFFE o824
A A (622 AP o] &Alofrt

‘-II-SJ FANEL Hoe A (D)ol dste] AP E A5
Z|olt}. of7| A LEAEAFF O 2-gaha-S wE R
Hgall A2SUS WEQRO] WHOR o] @
9] WA a2(KkN/m) o8 TS gholt)

ol e sty PN ZAH HdEo|
G2 Qgergel We ARE olgdew AkE £ )
o Ao B dEo] B 9eS Kol Aok Z,
SEN R A SH4E A Wk AR} FHA
HE 228 7R = BT RER AR
2 OFE i tal dat: ]
= Xperiiental data
E “lil; kN/m? ‘
¥ a0 7= 188 kNm Theoretical prediction by
£ $=40.2° soil arching mechanism
£ DD =0.9
]

2
=%
]
=
g Theoretical prediction by
Q10 I punching shear mechanism "
2 .
= Y
g 'y He=30.16cm
£ -
2 -®
e

o @

0 0.1 6.2 0.3 0.4

Height of embankment H (m)
(a) LYWL 2H84] D/D,

=158 KN/m?
¥=15 8:“ By Theoretical prediction by
20 #=402 soil arching mechanism
Dy/D=0.8

Theoretical prediction by
punching shear mechanism

-
=
\Pguatt

Vertical load on a cap beam Pv (kN/m?)

- He=18.1 .
¥ ¢ lm o Experimental data

1 6.1 0.2 0.3 0.4
Height of embankment H (m)

(b) L={HO| Z4Ad| D,/D, 5 0.8

T8 10, Y A2MAGHEL| MR} 0 FX2] Hlw



A G2 F dEHen IALRL o]ife] YRl
A E Aptoutaine g AAlE A (DR F ASE 1
e Ak

upEka 2 At A AAE A ES
A2 JEL A F56] HE4E
2 A & AYEDA M= |
AU Fol lsto] JEsigol HHAY:
AEILOVEE) P EGA A= AJRto }
Ul gste] JEstgo] BEE A
4 71w A (D) A ()R %E%ﬂl
g S AT & S 7*01“«}

rlo
o

< o g
Loy X
z

oza

o
AU

H o

t

rE
=
L

e

o & i
-y

.Eoﬁl
ot &
Jor ‘
oMok B oo

ngE W
i)
19

O e PANEL 48 A58 A8 F= A

’E“ 40
e PyD= 0.9

- ,
-

- E
f‘i 30+ Dy/D,= 0.85
H DyDy= 0.8
= D,/D= 0.8
2 20
=

1]
- ’ -
- 4o IS8 RN W
£ 10 Hc ST e
: L
-9

"
=0

0 10 20 30 40

Predicted critical height He (m)
J8 1. SAEEDS O)EXI YER|) ui

ju13
=

QHE 4] (8) T (99 HEAS
Fog Fak AR A
&g vlwer Autolch 29 129 H59) 4.9
d&XE= FALEL AR A 9=
AMEIONN 290 H,9] AFA= & AFolla] HA
Y A9 BN e AEA AP EIL0]
. & o] S ET Y] AAE AgANE Ay 2
Y SoflA AR F7te] w2 AslE Ho|AF £
A& Tt 73t groltt. % AL ETA A2 shEA
A0l AETA A stFHel AT Wl
== AejoliAe] ARR o] Iy 5olA AAslE2
Wols w2 & AR wPo s A3

o

[

REA RN HEA R & g
YA Aol s eldt AEsEAe)} R
Hog olzg] A 4 WA He Hawe Hskoldl
FARED Az B AT AR 4 O 2 oE
4 4 dee AFT 5 Ak

A WEAA A EA 2R AAe] GlojH BEAN
A A AEANE ) Aoty
B HEIE PANELS 7)1
HETz AAstelof sk of 4

HEDE 4 (902 APt AAT 4+ UL Aol

T f

SNXSEXSE L XIBIORI0] 22 & = SAI8ENS] B)F 97



@

G

4

&)

98

¢
2
iid

it
mC‘
J{E 4
I

i
2
X

i
ol
it}
2
2

Ol
o
B
ox

Kt

WAL AYEGASL TYEDAZ TL5t]
o HYIAEA MR Uehd 4= 9lgich. ol
HEDANNY AE S HEE AED
N2} AHEF FrSEE 27 e,
AYEAAN L AEAE Soll Autobqo] ofy
Wk 23 BAR AR R ofelo]
0] WE R S5l AYE YT T
HEGAIAE Autolyo] Hreste] Avtobyn
Bz eJstel sHgAlolst HaE sk AR
Ask TAERANA 248 AZsFo] AWAL
2yzke) shajm o] o slaAo] vAU ) 27
Slef fE ANE ol2AER AHH 29} &
o AxE B
AYETAL] AR RE] o5 S5 Aol
WAUZNN TAHEDA ] Auolxsin 2o
ofgt s50] AU Btk Al B
HED7t 2SI o] PANERS AT 4
ot oINS HYT 4 Yglor o ozl A
BAE Z AET 5 AUk B AR Lo
Aol & 358 WA 7w HEDS of T
HED Bk E7 solof gt
WEN O] 7Hgo] of Rrolatz FolxW AR
A5 ol BRI S oz B
geme) ofuizt gl Bk old Alee] wER
o k¥ FANANY S o] BALANE
HEEAL] WRobEzto] 30°9 50°% 1] 242} 0.6
082 Pebd 4 Qlek wheby tohazo) &
HEA A0S BEARY 1AL WA A8 &

3l

b

sr=AlgtEste=2d N6l Mz

10.

11.

12,

13.

o2t

nEd

HO

- FHE S AEA (1999), “DELE AAE HEAATE

A E =2, A5 A4S, pp207-220,

- YR, oAz, AHE 2000), “HEAN LR ZE5h= dHslE

9] o|ZINAP, RIS, A6A AR, pp.131-143.

- BUR, A, 54 010), “LEo R XA E YEAN | |

AR, FRYPFII LT, A 269 35 pp3s4s

. Chen, R. P, Xu, Z. Z., Chen, Y. M., Ling, D. S., and Zhu, B.

(2010), “Field tests on pile-supported embankments over soft groud”,
J. Geotechnical and Geoenvironmental Engrg., ASCE 136(6),
777-785.

. Gartung, E. & Verspohl. J. (1996), “Geogrid reinforced embank-

ment on pile-Monitoring”, Proc. International, symposium on Earth
Reinforced piled embankment, Fukuoka, Japan, pp.209-214

. Hewlett, W. J. and Randolph, M. F. (1988), “Analysis of piled

embankments”, Ground Engineering, London, England, Vol.21, No.3,
pp.12-18.

. Holmberg, S. (1978), “Bridge approaches on soft clay supported

by Embankment piles”, Geotechnical Engineering, Vol.10, pp.77-89.

. Hong, W. P., Hong, 5. W, and Song, J. S. (2010), Load transfer

by punching shear in pile-supported embankments on soft grounds.

Marine Georesources and Geotechnology, in review.

. Hong, W. P, Lee, J. H. and Lee, K. W. (2007), “Load transfer by

soil arching i pile-supported embankments”, Soils and Foundations,
Tokyo, Japan, Vol.47, No.5, pp.833-843.

Huang, J., Han J., and Oztoprak, S. (2009), “Coupled Mechanical
and Hydraulic Modeling of Geosynthetic-Reinforced Column-Supported
Embankments”, J. Geotechnical and Geoenvironmental Engrg.,
ASCE 135(8), 1011-1021.

Johns, C. J. F. P, Lawson, C. R. & Ayres, D. J. (1990), “Geotextile
reinfroced piled embankment”, Geotextile, Geomembranes and Related
Products, Balkema, Rotterdam, ISBN 90 5410 8339, pp.155-160
Low, B. K., Tang, S. K. and Choa, V. (1994), “Arching in piled
embankments”, J. Geotech.Eng., ASCE, Vol.120, No.11, pp.1917-1937.
Reid, W. M. and Buchanan, N. W. (1984), “Bridge approach support
piling”, Proc. Conf. Advances in Piling and Ground Treatment,
ICE, pp.267-274.

. Wachman, G. S., Biolzi, L., and Labug, I. F. (2010}, “Structural

Behavior of a Pile-Supported Embankment™, J. Geotechnical and
Geoenvironmental Engrg., ASCE 136(1), 26-34.

(H54AF 2010. 8. 16, HAREEY 2010. 10. 26)



