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reinforced with Granular compaction pile
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ABSTRACT

The behavior of soft ground

reinforced with Granular compaction pile

Kim, Min-Seok
Advisor : Prof. Kim, Daehyeon, Ph.D.
Department of Civil Engineering,

Graduate School of Chosun University

There are several methods in the soft ground improvement technique in
accordance with improvement purposes, and recently cases using granular
compaction pile method which creates a pile with a constant diameter on base
surface putting pressure to insert the sand and crushed stone while maintaining
it a constant density on the ground of soft clay soils or sandy soils are rapidly
increasing domestically.

However, as the construction case by GCP method, this method can contain
several problems such as uncertainty of construction, inner destruction, clogging
phenomenon, bulging failure, and the other failure in clay ground. Because the
clay ground is very soft and loses the strength by ground disturbance, damage
case of GCP method is rapidly increasing.

Since there is no quantitative GCP design method, this method is designed by
experiential method. Because of this, several failures occurs such as bulging,
shear failure and other phenomenon. Therefore, it is difficult to confirm the
definite cause and to establish the prevention plan for failure. Also, although it
1s different to design and construct by the different equipment and material
characteristics, domestic method is intactly applied by the method of foreign

country. As a result, the GCP method may produce a significant error between

- vii -
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actual values of bearing capacity and settlement and expected values.

Since conventional equation is being considered as single pile, it 1S necessary
to allow for group pile effect. Therefore, the GCP method has to optimize design
method through the theoretical supplementation.

Consequently, this study aims to suggest a rational design method, through
one and two-dimensional numerical analysis of composite ground according to
diverse change of design parameter such as stress concentration ration and
internal friction angle. As a result of numerical analysis, the GCP design method

will be acceptable to apply the domestic ground.
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lo] o] W|(L/D)7} 3~5
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1} Mohr-coulomb ¥ X2 d-g 7|¥lo g X<

Vesic(1972)8 3 9]
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SF T

S

¢ cotg (F,— 1)
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7], F,

o
23]

(2.26)
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3. #9939 (Punching failure)
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1. Vesic®] A2
Vesic(1972)2 Mohr-Coulomb®] 33 2 el3} -2 o] 25 <& sho] finpzEzy
T AR E B aEstal el bEe ZHe we] ffEel Hdivh H= A el &
Ao Esie] Adye SAAHY A= gEdde]lES Actsid o, dAHI

2d4e aEee 4 Q209 ol yEhd & sin.

p.= Fqg+ F.C (2.29)

g 4 (2209 F,9 e 08 455 4 (2332 o &atel A4E.

sing,

F,= (Iseco,)’ " (1+sing,) 2.30)

F,= Ccotg, (F,— 1) (2.31)

I, = L

"= TH T Asech, (252
B,

I = : (2.33)

" 2(1+v,)(C+ qtane,)

A7IM, A T AAHEE
E, : A S
v, @ Nol4H]
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FAAE AL A @309 2.

(2.34)

2. Hughes ¢} Withers?] A|<et2)

Hughes (19742 At L5 A E S Astr oM e] BFAF3
AR Ao Jhgslal 4 (235)F Aloterth

S0 (2.35)

A7M, 0y 1 WAPETE] MEjZ TS
00 A 27) 88
C Ao QA
B, Awel a5
v, o Ae] sobs)

A 2one Baw AATdREe FaAAge 4 (236)% 2o oAt

B o141 E, 1+sing,
q'ult = |00 + +1n 20(1 + Vs) 1— Sind)[) (236)
A7, ¢, + THE Are] HdA
— 47 —
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3. Hansbo?| Al<¢H4]
Hansbo(1994)&= &g o] &5
o] wAste] vhy7} Wy A5
At

JNE=EAR

A7, o,

st ' AF #HE Mohr-Coulomb TF<el] &3t Aty egse] a2 He 24

4. Brauns®?] A<h2l

Brauns(1978)= 329 FEEY o2 <72 sfo] def
s SAAY AHEE 4 (239, 2403 22 gz

O . tand,
—(ql y 2 )(1+ 1>tan25

S, S, sin2d, tand, P
O Ap
Po — F
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6. Greenwood®] A<t
Greenwood(1970)= T35 E o] &l

&
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R
R

2

2

L
Orr [(ps

L

C'I
q'll

X, :
wed 28 (g,)

o714, K,
Collection @ chosun



7. Gibson¥ Anderson?| A|<¢t2)
Gibson® Anderson(1961)2 Bishop, Hill#} Mott(1945)°] 2]8] A|¢td 2L Z g A

§ A8 B nhEol gl AR, FEE 3 450 gEtel FRF 5, 4839
o EE ol gH BagolBe o gdte] 7] FwgHe wdd F, A Hwey
& A (2449 2ol vERASIH
_ 1 1 E(J
O, = O, + Cy, + l’lm (244)
A71M, o, 1 HW FWEH
Oro -%7] %HC}%EEI
E, @ AAR FAPEe] @A AF
¢, T AAL AAEY WHF AVGE
ve o A BAES] Folgyl
weba, AN EES] FEAAEL A (2459 Zo] vERE 5 it
qy = O—T'Lf(ps (245)
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shle] WA A FRAXNHL A gEA o B4 AT sloln o E 4o
8% 9L AT AARFE v wAEAUYE, dFHEAN BAEY

Asks 5ol Atk

59 58 Zax 2 o] 24 7}
1 3d,

qu - 2A5(I(11(q0 + 2611 V I(pc) + (K )[3dsI(p(’Y(l ( 2L )]
A, AT Re] 9lA ¢, @ A REY] vl A GG E Wong
Yot FHANE e T K, @ Anke] FEEgAS (1975)
K, @ #5%9 FEEAASFT ¢, @ FEFASE
d, @ AATAESe] A7 L @ AoAase] 4o

General — ¢,N, + S~.BN, + DN,

Shear q, CylVe 2 Ve 5 Ve f*Yq Ma dhaV,
o ¢, @ Are] HIMEARALE 4, FEAEe] e Vitkar
aiure D, : 7% &dZo N.N.,N, : AAEAS
CAespayy | T T @ N ST (1978)
o B : dF A &
. q 2 tanés 9
G = cu Cy 81n25) (1 tand Jtan",
o, 1 27 2@ ¢, YA WESEARgE | Brauns
g AT 5 Aol Avwtaw 2} (1978)
d, : Stone column®]
At 7}
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T E FE G EEHE AAS/A g 7E B S Abgsted ol E
AlE A oM BRIy FASHA "k & 268 A 3 Al SEAAEHE
A ol 4e A Alelvh wF AT A A JbF 2 GFL wAE A
ARTE v 2ok

(1) =7 gnekg

(2) A EAGS HwjF ddAd =

(3) A A 25 | Fmpzzt

(4) AFHEA ¥ Bd Al

(5) Atz
H 2.6 WO UM Al IS XS O|SA(MHA, 2005)

o3 & A A H o] 24 A=

B o | E. 1+ sing,
G = ot G M e T Y (| T sing, ,
_ Gibson%}k
o,, . (Z7])3 3-8 (initial in- s1tu lateral stress) And
E. : FHAre] @ A5 D Aue] MM ATA R nderson
s QAT A TR o (1961)
o5 ¢ AR EE 9 Vs masqure) mopg
w2z} )
1+ sing,
L = K, +2c, VK, J—m>-"7

Bulging @ = (2Bt 20, 1"‘)1—s1n¢>,

Failure Yo+ Ao 9w AR B X A NS PAS-4 RS Greenwood

(BAaa]) | K D AT FEE}AF ¢, 0 AR wuied gt e (1970)

¢, ¢ AR EE
w2z}
1+ sing,
, = (o, 4e, ) ——————
qU (O—’ [0 + CU) 1 Slnd)b Hughesﬂ‘
0,0 (Z7DNAWLFEH (=K, (1, « h+q)) Withers
S| x]g—tﬁo
¢, @ Auke] M FAGAE ¢, ¢ AARARS (1974)
Hnpzhz)

Collection @ chosun



Bulging
Failure

(8 3}31)

4, = (C'UF(J + Qovg q) o :
L= sing, Vesic
A A CLA T o
o e apgs O AMHEEE (1972),
o 2z} Datye®}
Qovy * S 7HHAA A M 8] B (TH)&H Nagaraju
:(0—1 + oy + 02)/3 (1975)
F.,F,: ¥%3%4A(cavity expansion factors)
C 1 + Sind)é
4y = [Gr'() +1+1In 36“ * Cu]m
0., - (Z7])3 ek H(initial in-situ lateral stress)
Brauns
E, : FHA| ] g Al C, : Agke] NG AGE (1978)
AT} A T o
d’s ‘H—l‘:]'m a:'v"/] V(. : X]lﬂ—Q/] EO]-%\—H]
o a7} )
1+ sing,
qU (O—T'() + 5 U) 1 _ Sind)é
o,, - (Z27])83-¢H (initial in-situ lateral stress)
Hansbo
s AR T o
c, © ANt vulEATRG T ¢ ARTAESS (1994)
FulZz}
(x JAgAEE] = A9 AGGmr) FHA0)
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= Agd ARke] 12 st s
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C 149 BB oRRE A%
e, 1 277+

AFFUARA A FAE AR oF 5
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o
0
off
2
of

o] Hl= 4 (248)

S /8 = [ J (2.48)

0,01 FIS-As(delzt 1 AR DR AE) FASE(0)e] e H$-9 sy

© 2 (249)9F #oh

S;/8=1/[1+ (m—1)a,] = p, (2.49)

9 A (249% T 7Y 249 ol AMAFEA )3 o] A b
@ WhE B 5 ARS Asa
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0.20

(S m-uo/s unlmud)
(S lmllﬂ/s unmaloﬂ)

= 7,
0.33 L *%%"—‘\‘
ofu =
o 2 - \\
wro ~
6150 I
nsg
— | '\\\
.\H R g —
1.00
XIgk JHF = I (1/m.)
1.00 0.50 0.33 0.25 0.20 0.17 0.14 0.13 0.11 0.10

X2 x| (a.)

J8 2.4 xig2 s6tHI2l 2H(218++, 2002)

2. GreenWood}

GreenWood(3l A 2000)= AFAEXHLe] Hv|FHd s Holek deasr=z
AA skl AR EES] HA S o] geto] MM ERoRE BAFE Auke] HotEs
st 91 =RE AASATE =3 EEEwerr 3, 5, 10, 209 o, FHE el of
Gl <a

< 0.35)°] thste] 1% 259 o] MFAFE

e __g - i, . TRESTEEANHE
= E %%\oe l m: 2=t 35S
3 .‘E_"'é S ’ca}% , % 1psf = 0.0479kN/
w E b %%\ \ ™ 16it. = 0.305m
§ 0.20| _i, 5 N\ =
| o
— c=400psf
olm 0.33 wo 3 =y Method
= e f”“’"ﬁ?’ [~ \ iy
3_;6; =d [~~~ — /_ D=3.0f.
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1 1 -

1 3 5 7T 9 11
X|2E7H =¥ /me)
| ] | I | 1
1 0.13 0.20 o014 0.10 0.09
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& 2.5 Ol ARG 0 28 B GreenWood® 2l Hl W (F&7, 2002)
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