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A Model Test on Soil Arching and Loosening Zone Developed
in Grounds Composed of Granular Soil Particles
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Abstract

A series of trapdoor model tests was systematically performed in order to investigate soil arching. The mobilized soil
arching was clearly observed by change of the vertical earth pressure loaded on trapdoor of soil container box. A slow
decent of the loading plate at the trapdoor results in loosening zone over the trapdoor and the stress in this loosening
zone was transferred to the stationary zone in the vicinity of the trapdoor. In particular, it was observed that the vertical
earth pressure rapidly decreased in the loosening zone and increased in the stationary zone at the trapdoor. Both the
maximum decreasing rate of the vertical earth pressure in the loosening zone and the increasing rate of the vertical earth
pressure in the stationary zone were not influenced by the ground density, but affected by the size of the trapdoor. The
loosening zone could be defined by the elliptical configuration, in which the major axis was twice as long as the height
of the loosening zone at the center of trapdoor and the minor axis was the same as the width of trapdoor. The height

of loosening zone at the center of trapdoor was one and a half times as long as the width of trapdoor loading plate.
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Fig. 2. Schematic of the soil arching test apparatus

5 2EME 15

=

KIgh =0 Za5k= XIBOR L 0120l

53]

o



el et ol 93T e
AR EQAIE ol-8ste] SAEH EU

2 t(Data loader, UCAM-20PC)E E3}o] AFE|of A}
& AT

3.2 BEX|Ht

EE PR
ERMEER

M B3RS AlRR ARSI AL
2 2.550|9 D10, D30, D60-> 742} 0.23
mm, 0.5lmm, 1.18mm= eyt #5452 2E4

4= 747} 5.13 9 0.960]tk KS F23450] o]3ko] 15t
HPAZU =} HaAxUel 22k 17.0kNm S} 15.4

60%%] ¥k 212} 50ecme} 96cm =0l A F5HsHH
(air-pluviation) 0.2 X5 A-FH3IA|AH EPAHES
33*43}“‘:} TPy Y= 80%2 B9 sFHst

EAEA L ok BAFT) R0l FHL A

- i 29 ohe AAstel 2Askach

RS

-

Table 1. Testing program

®

© @

40%, 60%, 80%<1 A=
01—4 —'—T“—% 10cm, 20cm, 30cm@] A 79| tjj3}
JABHATE A3t o5 Al FF Aute] A
l et g%‘gi Table 10 A=) wv}

Aol 7Hsatech

B st

Ex0t Ak Aole] Hpintake A3 913 =

flo N
=
4
1
2o
2
to
1SS
o
=
gl
ot
=2
rlo
z

C
i3
z
S

5 AR Sl A
S A E AR SO0 Bof

Hleahe QoA wol Ao EdE
%

& 42 o) Aot
Yrolo] welel ANEE 2RIk

Testing 1D Relative d[in(sog of sand Width 5(7)1‘(7t7rza)1r:>door Unit \g/ei(ﬁ:lt/rgg) sand Remarks
T41 0.1
T42 40 0.2 15.7 Loose Sand
T43 0.3
T61 0.1
T62 60 0.2 16.0 Medium Sand
T63 0.3
T81 0.1
82 80 0.2 16.3 Dense Sand
T83 0.3
16 er=Xgtsesl=Fd RM30# N8z



Fig. 3-& Table 104 A3}t 97}#] ZH¢2] A3
T AR EEE Q] AFANE BAIgE 1ol
t}. & Fig. 3(a)E =& YAk digte] AAgh
T414 3 o] A¥o)al Fig. 3(b)= 53 HE=Aube] s}
o] AAGE T624 3 o] Axto|w Fig. 3(c)= 2T W=
Autol| islo] AAJEE TR2AF Q] Axfo|t}. o]& Al 1
H2 Ef=o] Afstio] shetel] wet Ex vie

o —°i
H rr
2 1o ®
> N
=) H
i s
1o 1o
ol g
Sﬂ o
E N
4 o}-ﬂ
A flo
Ll i
]11@ i)
A N
o =l
BiTS %0
o —Q
i s 5
N
Aeore e

Fig. 3011 Exupcho] Al $ix|olA A5 EQto] =
AlElo] Qitk & No.l ESHAl= EfiEo] Afshe] £
of AXE EYgACIH No.3 EQH= Effofo]A ¢
202 2em "ol 9|29 vigtuko] HAX|E E¢A 0]
T} No.5s EQAl= EdLoloA] Q=202 [2cm HolAl
X 9] vpetol] Az =0} gl EStA ot
o|5 Al L™l &b Al FFe] Auhd o] thsto]
IAE HPAFL A9 FUT EYATHES Ho|
RS & 4 QUth WA Nol EGAR 24 EY
Efreo] Afstte] Wt dAsAviAL 545 B
Ao AsS HAth & Efkolof 286t B
Yo7} Efo] AhE0] 2-3% Fkof sfidsh=
A7HA] 53] FAadte] Haz]of| =gty 1L & oF
S7FHAY Al dAsHA Egte] SA =k At
o8 6% HEo] Efiro] HeloA FEE= dATH
& FABHA =Hdvkar & 4= ik
HhHel No3EQHAZ 44 ESF
711 F7Fe 3 oft HasiAY 4A

anq A=t Efro] ZHoh

o N (Mo orfe RIomx

Oé G
9] ng] (satanonary zone) o2 -8

oA $o) AR} ool Ao
o~ ﬂowo o o 4= 9lrk. olot 2§

oo o _IEI, e NP
Ol

T2y EfimojoflA ol A W] HojA Qe B

U2 H= HslolA] gttt ofef o] S|

Fig. 3.

5,52 10 (Unit: cm)
i | |
[ONN [CHNC) |
Traptloor plate BOﬁOlIl plate
—~ 14
% I
Z 12 | No.3 gage
= o ¢ o
> 10
5 (SAW) u-o O O o O O
5 8 No.5 gage
w©
n
“é p X D, =40%| |
B =10
ﬁ \ cm
= 4
o
E 5 No‘ligage N
5
>0
0 2 4 6 8 10 12 14

Displacement of loading plate 6,/B (%)

(a) Loose sand (T41 Te

st)

10, 10 2 20 1,‘““‘““‘“)
[©) [® @ |
Traptioorplate Bottortn plate
~ 18
a
% 16
= 14 No.3 gage
S
12
; oo o oo OO 0O O
z 10
2 No.7 gage
2 8 \ D, = 60% ||
g 6 x B=20cm | |
= No.1 gage
= 4 A e -
E 2
~ 0
0 2 4 6 8 10 12 14

Displacement of loading plate o,/B (%)
(b) Medium dense sand (T62 Test)

10

(Unit: cm)
|

10 iZi 20

,i
[©) [€)

@ |

1 1
Trapdoor plate Bottom plate

16
14 %‘l%frrﬂ—o—o
12 No.3 gage

1N ©

10 2N 4 é S u’l} ©
No.7 gage

No.1 gage
pYTE ey

D, =80% | |
B=20cm

Vertical earth pressure o, (kN/m?)

S N = &

0 2 4 6 8

10 12 14

Displacement of loading plate 6,/B (%)

(c) Dense sand (T82 Te

displacement of loading plate

=01 2ok XIBHOR Y O12HE 00l

st)

HAl
S=

53]

st 2

o

The behavior of vertical earth pressure according to

17



APAT o] MR o] o} QIR Ao 4 F2
ol Ao Al W gao] ¢

e
Fig 4% 37 WEANOl4 9 T4 272 o) §

sto] Egiiro] 4ol = x| Z-goh= Ee AsS
A EAIZE 1ot o] I o R Efolo] Fotut
FEo A 9] EUAES v 4 Utk = No l EYA
= Efixo] 399 1 é J3 E¢lo]al No.2 EQMHAI=

Bt} F 1A =%
H EYL BF ELo] XHo}JJr.J Her AR =
3] grastgich w4 ol M o] B9k vt Faoko
A9] Bt 7ha B} wha] © 37 vryst Hol xjolr}

—_

10 8 2| (Unit: cm)
[ o o] |
1 1
Trapdoor plate Bottom plate
—~ 12
«a
s D, =60%
Z 10 B=20cm
8
=]
: \
2
Z 6
2 \ Y
= No.1 gage
E 4 W -
@ a)
= 2 N oA PO
By S w oSS
£ No.2 gage
g, L

0 2 4 6 8 10 12 14
Displacement of loading plate 6,/B (%)

Fig. 4. The behavior of vertical earth pressures on trapdoor in
loosening zone

i 20 izi 10 i‘lo |(L'nit:(:m)
I [0 ©® @ |

1 1
Trapdoor plate Bottom plate

18 T T
16 , | No.3 gage

14 A
12 /

No.5 gage
10 M

No.7 gage

A
A LY A

D, =60%
B=20cm | |
\

0 2 4 6 8 10 12 14
Displacement of loading plate o,/B (%)

Vertical earth pressure ¢, (kN/m?)

S N = &

Fig. 5. The behavior of vertical earth pressures on bottom plate
in stationary zone

18 g=XgtE8stel=2% H30d He=

U ot} & Efiko] ghilox= Effo] A=
9] 2%0| Gtz MZHA] 27|o A 3] ESto] 7+
asto] Faghol| ®=dslgl oy Effro] F4
4% H7HA] A A3] EQro] ashylom EQra
T @RET Hlch
ghH Fig. 5= Efiko] £59] H2| 9 nietatol 4
23t ESQHAIE L] AE AFE u|wdt a0l = No.3
EYAIE EfiroloA &F50 =& 2em HolXl $x]<] HE
chatol] 2|31 No.52 No.7 EQH= EF L oo A
207 717} 12cm, 22cm EolZ Q||| A5}k
o] o] ¢J5lH No3EUAOA 44 EU Efje
01‘?5_14 l ‘I}E} HE7} A et out U] EQHA
< #3E A ek ol EfiEoiof Q1Y
Els XMOHH% SEHo|7t ZsiAl HYE AT L

Al ol Ms dFel A9 lle= Hol i Q)

Fig. 49} Fig. 52 5¥ EfjEo] sz AH A qlo|
2k o] WG 2298 o] AHo|dAto] HAyEhe

oF 4= glgirh. oo} go] Elme] Ao EAJsHA =
Qe olgrjolo] SRR Ho|A7] WA Terzaghi
(19431 Agbola@Afolekar Aateieh. Adael A
Egzolo] Ext Auke] AThUEs} 4F o] A
Soll ol are vAEA A BIAH

62 E“%L*EOi At o] 7717} g2xdo] Aol
AR 2ot} A =) 60%¢1 A
o] 25}Eo0] 10em, 20cm, 30cm¢l
= vwdt 2ok EREolo F
88h= E4] A5 Fig 6(a)°ll EASIAL E
©.% 2em Gol 7l Y|4 ZAT
. 6 b)°ﬂ TAEHATE © o)A AR E
SHA v|aslr] Yl 2% AR EQL
Egto Lpro] FtstAlzck 3
St 0,009 T SRR LR

SA EfEo] Fgio] 2g3h= B2 Fig. 6(a)]
A iz uhet Zo] Eqimo]o] g7l oldol utet
Eu501_4+_o] ‘5:’._" @11501'4
=) vebgth o]t EREolZo] 2o 7

l'N

% 9 i o X
rlo o 1 = oM
M2 g
offt = 1o
o T 2
m o F o
@ Jl)" ruﬁ fi
M

mlo

i)
)
1o
SR
o
1o
PN‘
i

oN
B
o
©
o



—
[}
=]

_ 100
G
€ €50
- € B = 30
T E60 00
:g 2 D ~ O
1
£ 240
S =
zZx B =20cm
5 20 LLAA A A “ A A
B=10cm
0 |

0 2 4 6 8 10 12 14
Displacement of loading plate 6,/B (%)

(a) Vertical earth pressure on No.1 gage at the center of trapdoor

220

200 S o

180

160

140

120 B=
100 f ‘ ‘

0 2 4 6 8 10 12 14
Displacement of loading plate 6,/B (%)

Normalized vertical
earth pressure 6,/6,, (%)

(b) Vertical earth pressure on No.3 gage at the edge of bottom plate

Fig. 6. The effect of loading plate width on the behavior of vertical earth pressure

S5 EYEo]of M} tha BAYsto e AJHE Lofl H
@l EW A AR oFot AT EFProE
Eoto] Wor e Al T2 st Effrol
ol 285k =oko] B3| A7 2851917] ujHolct.
= 10omZ o] 79 =gl Afatue] Wei7} Soldo
e} BN 27|ESQ tiH] 20%2 27]Eqto] Hske]
80%Ut A3l o} 20emZE T 30cmEZE Q] 9= Z| )
EgAago] 47 oF 40%%} 50% A=z 27| EQ
H|ste] ZH2F Z ol 60%2}F 50% U Ao B2 10cm
9] 80% sy A ARG

Hido] Ef=ojo] Qg nig gt 93] A5t
EQ Fig. 6(b)ollA H= Hiel o] Effmof 25t
o] MP7E sofdel wetk HAF S7Iskd=d Ef =]
AshEel Fo] Z45 AAEYS Skl ¥ 24
Efyit}. o] Effeo}Fo] AW Effof Aol M
A7F B = ﬂ{ Ak Lofl M o] tf aA AT
Zoln o] AubH | g3t o7t ¥ A 3y
E9l7] wjEoltl. = 10cmES] AL EWL o] A5}
o] WSt Z7Heol ufek meE7kgo] A of 140%
Arg 27|EQY o viste] H 40% 71824 20cm
Z3} 30emEZQ] Ao FglEerEseo] ZHzF F 170%
9} 200% A2 Z7|EY] vlste] Ao oF 70%<2}t
100%4 & 2A F7sH3ich

Eezo] Aatuke] MR Qlgt olaist Eete]
Has HS7HeS AA A3l diste] ejstd
Fig. 73} o} o] Z1&o]l &JshH No. 1=4A ol &fgt #
NELF ST No3EYA et HHEUST7H
EfjreofRo] F7ket A YUt 7Iev® STsk=
Aoz Uedt o= EfEo] Ashie] o7t Ay

p

¢

w
=3
=

T
OLoose sand

@ Medium sand

— ¢\° 250 1 A Dense sand
3
'E X 200 = —
s \Q
é 2 130 No.3 gage—[ %
S ’\\’g\ A
£ 2 100 S
) -
z € “ &

s 5 - 7 e

o No.1 ga; e\@//, ?

0 N>
0 0.1 0.2 0.3 0.4

Width of trapdoor B (m)

Fig. 7. The effect of loading plate width on vertical earth pressure

3o} Ewol

o] a3t v 314
oo] Edo] ol FUA So| Z7H
o2 go] HolHUSL HelFT 9tk

olelg SEdolAAE EdEe] ABtEo] Yeis
A JelgTh & ERE o] A3}E0] 10cmof A 30cm
2 solud o] g Y W HQERHAES 10% H=
oA 60% =2 50% F7FstA e ojekad e Hiel &
z|d oz Ho|g FYELZIIEE EFro]Eo] 10cm
A o 130% Ax=oA 30cmY 180% HE= 50% 57}
stelrh ot ERiEo] Bo] e H9b A ol
o] AOPABE olgtelE A =tlol %0l 2 44
of vl A er A Hum Hzgder
£ 8% AL A ey dEos 4zt



120

I‘i’l‘i)l (Unit:cm)
100 [ © [ ]

*
Trapdoor plate Bottom plate

80

Normalized vertical
earth pressure ¢, /c,, (%)

0 2 4 6 8 10 12 14
Displacement of loading plate 6,/B (%)

(a) Vertical earth pressue on No.1 gage at the center of trapdoor

|‘l)|gl( Unit: cm)
150

t
Dr = 60% |Trapdoor plate Bottom plate
|

130 \Q\W

— o
120 | D, =80%

110

100 1
0 2 4 6 8 10 12 14

Displacement of loading plate 6,/B (%)

A L A

Normalized vertical
earth pressure o, /6., (%)

(b) Vertical earth pressue on No.3 gage at the bottom plate

Fig. 8. The effect of relative density on the behavior of vertical earth pressure

RS o2 Efiro] S 2Eshe B
o] Wg}7%5-S Fig. 8(a)oll EAIBIAIL EFEO] Thito]
A 21502 2em Eolxl 717] A HigelA =
Eore] MghAE2 Fig. 8(b)of AlSISAT.

Fig. 8(a)oll &5} At ® 80%¢1 =3t W
M= Efimo] Astke] s H ey HAD o ¢17
EQfo] A Hasilee o # %Dk 5 Efjol&
2% Rf]oA B2 Ao A8
ol =FsIe7E A2 golue AEs Holal Jltk
U 40%2F 60%<] =7t WAk F7F W
AEe] 755 A9 fraksAl ool 27| &Skl vt
o] 20% o] A= 7:. 5H3 DP ol=
A= &R
7 AEgt= As vl

ok Fig. 8(b)x= Efimofof <13t viewtel| 285t
© EYY Ml Ee did=Es EMU ol
o] Z1go] st Lt Ao M= Efo] 27|EQ
gju] 125%2 25% H= F718M9a —é—ﬁ?j_g;q

l POML EQto] 27|EQt qhﬂ] 135%=2 Z7}she] 2
PR oA Ko}k EQfo] Xt AHA F7FsqiTh
EW o] zsloe] WMz ol o]zt Bkl o)
Haedt HAYS7heS QA Aol tiste] Ageshd
Fig. 99} Zt}. o] J7ofA Hi= el o] Efio]
Ashie] Mo WA o] 27| Bk ol B H]
0,00 FHLES = Aol Koz gheth o] 1
ol oJstd Efmo] FdoAe] B ARbd Iz
gglo]l 271=9) Hiv] FH A o2 60% P Fast

>~l

20 E=RLkEse=2d M0 8=

g

I
OB=0.1m

- ®B=0.2m

& 250 [{AB=0.3m
-
=
L 2 N032'ge
' 200
= = <
’2 b> N\ \\
= P 1z NN\
E é 150
§ = 100
z £ ) SN

0
20 40 60 80 100

Relative density D, (%)

Fig. 9. The effect of relative density on the transferred vertical
earth pressure

FaL Efrofof et AAFYY vieHo A 60%
B S7PINE= & & Sk A= AR 2J5}o]
Efro] el S0l EolEe e FRAeR
o] HojH%Ee & = Uk © o] 282 EYE
o8] FHet Efrmofof T A FYolA 1t
AIE w2 oz vjugt dafo|ct

5. 0239

5.1 0|2kde| =0|

Eg“Eoi Zﬂﬁ} = SPIAIA Akl HES TYA7]
J

o] 9oL S &=Nd(flow zone)o|g}t
o & (stationary zone)©]
.

o] olgke] o] EARS x|yl Kol elg



EAO] e Eqiold] dXEgto R 21831 B
o webA Fig. 404 iz ule} go] Eqmojo] 2hg
sh Eore Rejwy] Aol AR Fg] o5t 2]
EQtol A Hell EXE vho] olgt Egro st
A et

o] olgredeio] EAIFL o]u] Fig. 404 ols|gt 4
o3ick. o714 EEolo] Fopold Z5E AxEe
o ALAE AUl AR e =
OH Fo ool U EAHzolE 4
Zof FYeAe] o|¢k

Bolck JEM ARkl WAlE o] A Aol &
Uh olghedel o] A Aukge Tk Wsbt ¢

& Aot EPEH Aol WAYs] o] Ao A ol
2 9L dS5she de Ae dAEsEE A8
stoim e Qo= gzbEnh

olgA et ol H 9| o] Hix EFYEolE BR
L AeRA7]a A AR digt olekd H o] o
& ZARsl 2 Fig. 103} gt o] Aol ojshd ofek
Fe] Foll it =019 H] HiBE A9he] A=t
Efo] AslFof Adtglo] 1914 2 Afo] = Lrebdtt

2 olgtgele] ol B ol 3t ujell 4 T v
Aolell Age-E & 4= ek uebA] BRA 152 ol
Qe FYoIAL] FolB HBe |FOR 3T & 9
Holtk. o]t Terzaghi(1943)7}h B0l & vl 2|t

S AR EOR Be e edBe] 15 )

TTTT

The height of loosening zone H,/B (cm)

0.5
B OB=0.1m
®B=0.2m|
A B=0.3m|
0.1 ‘
20 40 60 80 100

Relative density D, (%)

Fig. 10. The maximum height of loosening zone at the center of
trapdoor

i)
l-ﬂ
9
B[t
éé
o
N
o
W
o
3L
2

P wol= Fig. 1004 2=t H}ﬁ} Z;o H(=1.5B)
H Aolek 2= ojek e A%
5

o] 2oy} oF thE AJo|o| Ao AR ?jl—o]-o]:q_]- Pakely
= Q)& Ao|t} 7|E9 Aite] 951 Terzaghi(1943)
L EY Ao 2T Ax g o] Agh oz
7}@@,&@1 01%03930 = AR oR s

Ladanyi & Hoyaux(1969), Atkinson et al(1975), Yoshikoshi
(1976) 52 o] o]k Ho] oA P4 Helckal A
Bl
RPAY
7] 91l
EQAR S43% B
ASFO R U No 2 BEQHA A
EolE Fig. 119] =AY
No2EY A= E;M o] AY5HE 10cme] AL EPE
o] FollA 3emEIZ YA|(x/B=0.3)0] A5} 20cm
9] 5 Ef=o] FYollA 8em HolXl $IX|(x/B=0.4)
o A28t o™ 30cme] A Ero] FofolA] 13cm
ol A 9]2|(x/B=0.43)o] Ax|3}t}. Fig. 110]4%= o]

5 Al A9 W =AY g8l 9% xET 55 %

Ao AT olgIA Y GAFe A
Ezo] 9o MAT E shte] £
g mefA ) %Hiﬂ

CEEEPEREE:

=
@

Rectangular model

T~

\

~J2 o

Elliptical
model

—
N

=
[N

A

The height of loosening zone H/B
)
=]

0.6 |Triangular model

03 || opr=i0% A \
@ D1=60%
ADr=80%

0 I
0 0.1 0.2 0.3 0.4 0.5

Distance from the center of trapdoor x/B

Fig. 11. The height of loosening zone over the trapdoor

KIgh =0 Za5k= XIBOR L 0120l

53]

5 D3AlE

=

DQ_

21



g EdEolE B Uy AistA

EqEoio] ol o]ghgo] ool Ae] kolE o
He olgbelolo] GALORE Fig. 11of JEAE wle}
o A2, Az W o) Al 7H WAke A
% 9lct Fig. 110 EAIE olgkade] olo] Algl 2}
A2V A AR Aol EARE o 5

.

ol

O
=
2o AU 590 olggy

OB oo orlrond ml o

Qe 4] Y
Avtel sikAel gtz BagstE St 9l
Apzky oz A A0l olggele mE A
o] Aol AYetE FehBte Szt ik

gho] olgdele BrUTAlo R Ho 99| ol
A Fig. 1104 iz v} o] U] P23
o Sgshs Fael B & 4= Ak o714 BRA
£ 2H 3 BE 3 o]ehlo] %o]9] Fulel Efiwo] %
2715 27 B B B59] Aol shz 4] (1)
= medn

7 2t2} 20mm2 MAYSHAE T Uiehc weAat el
g AEolth 1y o H

Fig. 12. Soil deformation during testing (T62, displacement of
loading plate (A): 20 mm)

22  g=RLLESE =28 H30H M8z

2 jefoln] o] o|grgiel o] &
4 AR AR A SRR ] o9l
ehdlc) weld Sam e o] @xeiae} 34
ATk Ffol7h Aube] 2MES Leha
Ak

Fig. 122] 2 Azjo] ojshyl Edwo] Aatuke] o
A7} ) AR AR Bl ool o] Saim
P s ol sagont o olgkeel el HA
olo] ZumefuE o 5a}x eksteh. webal olgkeel
vl ARkl ARk Ajute] Auigo] WASSS ¥
4 9lth. A3 Fig. 125 41 (D= 4o)5] olghd
FARel A T olgkolat T ARSI U
of Fa Utk

1A Yoshokoshi(1976)+= o|4F H 9] =o|e} Ef
o]9] Ho] Hl=3t 7= WAE T s3It 2y
Fig. 1204 #H2rel XRbHE o] ¥l EfEo]o] &%
H}p & FAollA= AP ofFA| oA ke o
Slo] olgredete] ol EgmolEol Lsujz Ashe
Aol EpgE Zlow AZHEL,

4 B i de

H11J n}Jt

°
Kl

il

o

o g O

oo

o

ﬂJ

5.3 AgX|et o =X[2 Hlw

S o3 EdEold] At AAGHES Bl
(A=r,B/2)9) W) FSA AL Foto] 7k 4
()7 o] Agch

o,=Hy=15By 2

B N o - A S
Py =5 A= S (w5 )y=omB 3)

Fig. 132 ofg] Xdof ofsto] AP e Effmoj2hg-
A= A Q)ez AHE AXskEt B wgt
o]t} o] Aufof o5} Terzaghi(1943) 29 el
g2 AE ARt 37 AP E Q131 Balla(1963)
Hee A A E S-S & 4 Stk BEdo] Carlsson
(1987) 29| 9= et APYH AXshzHTt
OF7E AHA AL Qo thE RYllE = BeEd

_,d
i e




r r
OTerzaghi model
ABalla model
2.5 H ©Carlsson model
T
Terzaghi model
/| |
7
Ellipse model
|
Carlsson model__}

[ 8]

[

Balla model

R

Predicted vertival load P, (kN/m)
n

0
0 05 1 s 2 25 3

Vertical load predicted
by the ellipse model P, (kN/m)

Fig. 13. Comparison of the presented model with previous existing
models

g TRAAIR
= W EHo] AFA| o]k ool WAL
ARrol @] oJste] -5 o)zt BT o
SF el E9fo] =3 FA P Auter A
olF|nR Efrofof 2§k B2 wA%| g
SFAIL Efrofo] Rt FA| P Bzl
M BEgel 48] 7ok

(2) ol&kg W
old E¢te] HulS7He2 EfiEo] AsiEe] 27
off Y& A Wtk AIE S0 olgd W 7]
E div] HAHEGTAES EFEo]Fo] 10cmo]

50% 715l n] EAlo] Fxlgelon dolx
PEZIISE EHEoZo| [0em o 130% 4
ol A] 30em W 180% AL 50% Z7}3ATt.

() ol&YYg W HHESHAET YA FHOE o]

o

AYEPZTHRL AL Ee] G WA
u

=
ot ol TYoNA Y Bl AR A
8l
%

bR

O
-

o] Z7|EQto] ulsto] Hat 60% HEAA|

o} FAlol Egmole] i A Gelo &
Heto A EQto] 27| EStel H]te] Wit 60% A
=7 F7kstee.

() EXmo] FaelAe] oleteo] =
ol Avke] AlTiulme] Aatgle] EYmoiE o) g
el o Afole] Z7)2 WAIStGck nebA ol
gofolo] ol HPA o EEoiBe] L5z

BN

(5) A} A AR oo 717 AldlE

2712 4T 4= ek
(6) Terzaghi(1943) ol oJ3}o] A1
]_

AZstE> et mEo] oJsto] AP E AXsHER
ot 27 AP 9L Balla(1963) 2 2o]| o]ato] AbY

H AAsIEe eude] ojste] e A5
s} A7) APgEc. el Carlsson(1987) 2]
A9 2 man saude] o3 A85E

¥ st
2ALe 2

o] =R2 203U % ugjzI}erEo] Yoz 3t
AR FAATAE A HAFR(20130349)2] 2|

2 wot 2 AYL Wl 5 AUl GAe] £
3T

E0F8 (References)

1. Atkinson, J. H., Brown, E.T. and Potts, D. M. (1975), “Collapse
of shallow unlined tunnels in dense sand”, Tunnels and Tunnelling,
May, pp.81-87.

2. Atkinson, J. H. and Potts, D. M. (1977), “Stability of a shallow
circular tunnel in cohesionless soil”, Geotechnique Vol.27, No.2,
pp-203-215.

3. Balla, A. (1963), “Rock pressure determined from shearing resistance”,
Proceeding. Int. Conf. Soil Mechanics, Budapest, pp.461.

4. Carlsson, B. (1987), “Almerad jord - berakning sprinciper for -
bankar papalar”, Rerranova, Distr, SGI Linkoping.

5. Han, Y.-C.,, Kim, S.-H. and Jeong, S.-S. (2014), “Ground behavior

5 DsME 23

=

KIgh =0 Za5k= XIBOR L 0120l

53]

o



24

around tunnel using tunnel-shaped trapdoor model test”, Journal
of the Korean Geotechnical Society, Vol.30, No.4, pp.65-80 (in

Korean).

. Handy, R. L. (1985), “The arch in soil arching”, Journal of

Geotechnical Engineering, ASCE, Vol.111, No.3, pp.302-318.

. Harris, G. W. (1974), “A sandbox model used to examine the stress

distribution around a simulated longwall coal-face”, International
Journal of Rock Mechanics, Miming Sciences and Geomechanics

Abstracts, Pergamon Press, Vol.11, pp.325-335.

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

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

. Hong, S.W. (1986), “A study on Murayama’s method for estimation

of settlement due to local yielding in granular media”, Journal of
the Korean Geotechnical Society, Vol.2, No.2, pp.47-58 (in Korean).

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

by soil arching In pile-supported embankments”, Soils and Foundations,
Vol.47, No.5, pp.833-843.

. Hong, W. P. and Song, Y. S. (2004), “Estimation method of earth

pressures acting on a row of piles due to lateral soil movements”,
Journal of the Korean Geotechnical Society (KGS), Vol.20, No.3,
pp.13-22 (in Korean).

. Janssen, H. A. (2006), “Experiments on corn pressure in silo cells-

translation and comment of Janssen's paper from 1895, Granular
Mater Vol.8, pp.59-65.

. Kellog, C. G. (1993), “Vertical earth loads on buried engineered

works”, Journal of Geotechnical Engineering, ASCE, Vol.119,
No.3, pp.487-506.

. Kingsley, O. H.-W. (1989), “Geostatic wall pressures”, Journal of

Geotechnical Engineering, ASCE, Vol.115, No.9, pp.1321-1325.

. Ladanyi, B. and Hoyaux, B., “A study of the trapdoor problem in

a granular mass”, Canadian Geotechnical Journal, Vol.6, No.l,
pp.1-14.

st=Xgtssisl=2d  H30A M=

16.

17.

18.

19.

20.

21.

22.

23.

24.

Marston, A. and Anderson, A. O. (1913), “The theory of loads on
pipes in ditches and tests of cement and clay drain tile and sewer
pipe”, Bulletin 31, lowa Engineering Experiments Station, Ames,
Towa.

Matsui, T., Hong, W.P. and Ito, T. (1982), “Earth pressures on piles
in a row due to lateral soil movements”, Soils and Foundations,
Vol.22, No.2, pp.71-81.

Moon, C. Y. (1999), “A Study on earth pressure in unsymmetrical
narrow backfill space”, Journal of the Korean Geotechnical Society
(KGS), Vol.15, No.4, pp.261-277 (in Korean).

Murayama, S. and Matsuoka, H. (1971), “Earth pressures on tunnels
in sandy ground”, Trans., JSCE, Vol.3, Partl, pp.78-79.

Paik, K. H. (2003), “Nonlinearly distributed active earth pressure
on translating rigid retaining wall : 1. formulation”, Journal of the
Korean Geotechnical Society (KGS), Vol.19, No.1, pp.181-189 (in
Korean).

Terzaghi, K. (1936), “Stress distribution in dry and in saturted sand
above a yielding trap-door”, Proceedings of First International
Conference on Soil Mechanics and Foundation Engineering, Cambridge,
Massachusetts, pp.307-311.

Terzaghi, K. (1943), Theoretical Soil Mechanics, John Wiley and
Sons, New York, pp.66-76.

Wong, R. C. K. and Kaiser, P. K. (1988), “Design and performance
evaluation of vertical shafts: rational shaft design method and
verification of design method”, Canadian Geotechnical Journal,
Vol.25, No.2, pp.320-337.

Yoshikoshi, W. (1976), “Vertical earth pressure on a pipe in the
ground”, Soils and Foundations, Vol.16, No.2, pp.31-41.

Received : February 19" 2014
Revised : May 8™ 2014
Accepted : August 1%, 2014



