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Experimental Study on Bearing Capacity of Ground
Treated by Sand Compaction Piles
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Abstract

The SCP(sand compaction pile) method which is a vertical reinforcing technique for soft ground using a sand
compaction pile has received increasing popularity in Korea. Currently, there are different methods to evaluate the bearing
capacity of the reinforced ground by the SCP method. However, a method that can consider the effect of the replacement
ratio on the bearing capacity is not yet available. This study investigated the effect of the replacement ratio on the
bearing capacity of the reinforced ground by the SCP method. The study involved laboratory experiments which were
conducted on a centrifuge facility. Test conditions included various ranges of replacement ratios (20, 30, and 40%),
centrifuged consolidation, and loading. From the results of the study, a method which can evaluate the bearing capacity

of the reinforced ground was proposed and verified using the weighted average of the replacement ratio.
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Mechanical Characteristics
Soil Attt'ert?erg Dry Density Relatlive Friction
Type limit USCS Density, Angte,
LL (%) P (%) Max (kN/m®) | Min (kN/m®) Di(%) $(%)
Clay 30.1 9.0 ML - - - -
River Sand - - SP 17.4 13.6 70 38.5
DRHCHEILSE(SCP) AIBXIPHe] XIXIE0) &8t ABX o 4]



SAND { GRAVEL

l SILT or CLAY I

FINE | coarsk ]

| MibEUM  |coarsEe]
— —

-1
- - i
i

- T

100 — T l

Percent Finer by Weight

T =
— — — CLAY

RIVER SAND]

{‘___

0.01

0.1

10

Grain Size(mmm)

T8 2. Aol A2E AIRS| YEREZM

8l 3 #YE UL AED|

S ARESATAA A 94 LU A7)
= Zo] 50cm®] 7B (arm) 8747} AL E Hbe|of
glow, 75HPS) BE §eko = Ut 1140pme) 3)7Ho]
7hssjtt AJgo] ARSE EEEZE 25cmx10cmx25em
(7hExExo]) A7|2 o}Z YL Agslo] 1 49} 2
£ Py AFsigon, Qe AY & YEs B2
oe AA mados Wit

33 ues Ay

ARG E AN FTAF7I B Gl e &

were AEE F317] Slstol thaat 2ol Al ®), ©)
= olgsiglny

_ rev.  2x-vad , 1lmin _ &
lrom=—in 1rev. 60sec ~ 30 radfsec (8)
F=ma=%/'w2-r ©
42 SIFX|LSEE|=2E H20A H4s

| 371

38 4. RHEXY

AU WYLl AV FYA Y Boln),
ARE] BAWYE AR FI7HK FA Z, A7) AR
A9 w2 nefste] AR A-g5He WEE AL,

20 WAOE o] 2§ 9P T3HATH 100kPa,
150kPa] LS At e Lol o ¢
A ol AR £AY W n ol gk A
Aoz Uste] oY 871 ol A-g3Hs eteio] A
27ole] A HFHOZ Wk §Rof o]F melst
of A& AA TAL whe Teste] Azo] Agehe
Qraetele Ak 9le) o Axke Ankt
= 29} 2tk

HLE A ol
—= T AMA

3.4 AlEERY

AN A ZHAE SCP7E A FE A9t
Bewy 248 BAB] 4% ARoR oY gl
ASAE GAZ Uiro] ANstart APEAE B2
shal cheat e,



E 2 3N AaEH aaueto] aby

¥ p’
oo £ ANE2F
(55 BA%)| o Wy | F0 | kP
Azl, cm) Calculated
50 65 86 156.3 6
100 65 86 625.5 25
150 65 86 1407.4 56
200 65 86 2502.0 100
250 65 86 3909.5 156
300 65 86 5629.7 225
3 AN¥=A
X &g EX A2 b 2| S U= Ry | LU
(a5 %) (cm) (cm) (kPa)
0
—Sg— 25x10x25 | AlZYE WR|| 2.2 o
40

(1) ZPEZ(Q25cmx10cmx25cm) vlgto] M= wjE
(sand mat)E A 2|3}1, 2F ER ko) MAFHA o]

29| FrrlofA 109 o] RS AERE 7]3,52
AAsL7) S5t B £ Eefddd] ARE
o] HEA|HHE 243 ‘H‘%

(2) 249 A=A AALE F7] $18f 36N 3

2o U4 g *l?§7l°ﬂ*1 50rpm ] ww
71 HA Zd 150mpme) 34 YA o dgrdaich

() AYVE AEA R0 4 AojAl S maR k| 7
Q5 & olutsle] ZHL AT T 20%, 30%, 40%
o e /M Be-HES BgAute al 3
B2 2ATTHIY 5 A2). ol TE HL T

o TE 7HAS 2As ARk iz dee

atgom, AgE BHTES 27 2.2em, Zo]
15emo] RLES YEaof dujx AMgstgioh

(4 REEx| B o zAo] gaHW, Y4
&4 A|F 71014 200rpm(FLLE 100kPac] s
7+ 250rpm(2LY S 150kPac]] 3] 3 MY
o2 ok 1047+ FeF i)

(5) Tt AR Ete] vlujg: ATPE( o, S A3
slo] meftE Al A 2T 2
HE A F ;‘z HAAES A

©6) H2IAYE 8 T 10cmx6cmx0.5cm(7}E XA 2 x5
ANl A 5te -% Q1 19 61 Zo] ASAYS A

of
BN 0_1.4

THotzy ﬂ)
T ot —>,
- k) = 25¢m
s = £
v
25¢cm

3 6. XSIE Y x

Ak ASHARL 515 Alo] HALOR 3152 10N
Wl Z7PN A7 T Yslee 2sgon,
o ol s1gol F7HHA 92 w7kA UAstsck

4. NEdY 3 =4

4.1 Algdx

RS At Pojd 3455t BATAHL 1Y 7
3 2ok 2% 79) 315 Yst BAZAA FeA| R
2 FRAstARN AL} BB R 712717 AR
7] Agsie dew Agstan. A4E I
49 72 83 20} 12 8o M AHY 5 7hA)
U B X|2go] Ao met IeHA o] =
Fhsha Qout 1 ZAMEL FolEk Aoz HRE 4
32 Uehink. 4, detEo] 2 A9 Rl
Hls BT E7lo] npeh Bax|uke) kA
o] Z7tetgl o, 44 AEA|N] ulate) mefchae
o] AlFE 249 FANNHL XY Mg 40%0]
A 108 o4 F7bsHe HOE et

DRCHEZE(SCP) AIBXIEHS XIXIZ0) 245t ABA A7 43



q(kPa)

1] 50 100 150 200 250 300
0 — | ) | : | |
e ““‘M‘“‘“‘ P'.=100KkPa
"«,‘. an ng=0%
" ’. -_“‘u‘ Bg=20%
“’0 .\.“¢“ a,=30%
-o" '~ A“‘ 8= 40%
. Con “an
—_—~1 Y L'y .
=] . *s *a
< A -.' haay
g . ",
@ B ) ., s,
= . ‘-. gA‘
3 - * “u, “a
=1 - .,
v 2 — .

3
(a) Qfuel® 100kPagl ES
q(kPa)
1) 50 100 150 200 250 300
o “_'.lr_..(..“n‘ | ! ! 1 ! J ’-1 )
. '.A“A p.~150KkPa
0’ L “A‘ -~ a=0%
— - * - hd - ., L .l ns=20%
- LI .. . L 2 a=30%
- ‘. ® ., -~ n=40%
—~1 — * - e e -
£ * ¢ - La
& - - &
- - N
= - - &
@ ] . .
2 . - N
- . .
*
% * ° -
@ 2 —
3
(b} LA 150kPagl B2
3 7. XsiAE dat
210 : cmn e e -
1 L p'=100kPa
10 ® P <T150kPa
- - .
. -
150 — - P "—’
T
5 120 —| P et
. -,
7 .7
UF 90 — iV
& 7
.,
<«
60 -
30 —
|
0 | — o
10 20 30 40 50
ay(%)

I8 8. XSS SYE IBKAIA B

S=ABSERI=2E H202 H4s



4 MNE22RE FYE IR

X ge =8t XIXI=(kPa)
(a, %) | LYY 100kPag © | YUAH 150kPaY o
0 15 35
20 70 80
30 125 140
40 152 173

H 5. WA d1}

Hld = ML EZ(kPa)
g,
(@ %) U 100kPal I | AYLH 150kPaQ O
sy (]
Cu dc Cu dc
0 18.2 6.9 21.0 9.7
20 26.3 15.0 31.9 20.6
30 31.2 19.9 33.6 22.3
40 35.3 24.0 40.5 29.2

413 0 =7| g3 HE) BEQ ZI|ESHI(w)E 51.2%
SCPAIZT(0 Y SESH)S Bt MHEE( )
11.3kPa

T35 BHCHILE AT ALY FRANT AZ
3 o] ma o) vl AUAES ZH1] $3)
of W RS Axstgon, ZHH v A=
(e E 59 2tk X 59) AlAnE 87124310
el o) 27 90itk. 1 9014 B nje} Zol
%) uere B Aghgo] AUSE s oz

B A dgHoR F7n Utk

42 AN

- BEAuke] A HAIE S A meiEe] S35
A Y A AT} wmslr) 9ste] o] AokAEo] A
AF g ol gste] FRAAHL Austgict S8tA]
g AR HAE DUFFL 17kNm’, Y37}
2 7ol 2.2em(1D), BEFA|HE] Zo|( 2)E 15¢m,

E 6. Mool ofaf AN SEXIXIH

60‘

40 | &+
‘ Y =0.47x +21.3 —
R2=0.975 \

c,(kPa)

20

0 10 20 30 40
a,(%)

J8 9. xgedt o e 2

AR L) 50& AHgHGoR, HiezdoR 7}
Hotol Told v()& 05, HES EASL 1 A}
goterk EY mAREL] Yinhbazk g) e A2
Q1 38.5°5% Abg STk FUNNY AP LA
AR A F2 TR Hlu4 ABE( el
SR FAAREA vl ABLT( ) T 9
o 42 ol gste] AHH 7he AgIHeTh FAA A2
APETH & 6 W Y 108 g,

a9 109 2NN S AmRE vEje A
(c)9) F7holl met X o] F9o|= Ao

2 F7ke AL & 7 Atk 0|4 AljbE 4AlE0] &
Ao Aghed mAUEY] &2 askA] g
TN vl A=) MR SFEUA
Rk a2fste] 4Hgsty] fiZel uehd datelot =
T & 69 AMGE E 49 RYA[FH 23t dojdl A
2 S49T vjashd e Aot 2 o & A
ot o] dtollA s 7iEel Atk HEAAY AAS
o}g3huAl Al A&ES LT FEANY] XA

e A E orue= 100kPag o YA 150kPagd
(kPa) | c,=18.1kPa | c=26.7kPa | ci=31.0kPa | ci=353kPa | ci=21 3kPa | ce=30.7kPa | c,=35. 4kPa | c,—40 1kPa
kRt (a=0%) | (a=20%) | (&=30%) | (a=40%) | (a=0%) | (a=20%) | (&=30%) | (a=40%)
Greenwood(1970)|  166.6 240.6 277.6 314.6 194 2 275.0 315.4 355.8
W:jﬁf:;?fga; " 312.9 460.9 534.8 608.8 367.8 529.7 610.5 691.3
Vesic(1972) 379.1 524.5 597 2 669.9 433.2 592 1 671.6 751 1
Hansbo(1994) 390.8 575.7 668 1 761.0 459 6 661.7 762.7 863.8

CACHESE(SCP) AISAIBS] XIXIS0 &8t AEE A 45



1000 -« - - e — 1000 ———
; p' =100kPa p'.=150kPa : ‘
—o Greenwood(1970) i — Greenwood(1970) ! o
1~ - & — - Hughes & Withers(1974) - s Hughes & Withers(1974) i
800 < — x  Vesic1972) ‘ 800 —| - - — Vesic(1972) ° ‘
J -+ © - Hansbo(1994) .. ° — © - Hansbo(1994) : z
- > x/
! N 600 - }
600 —- x & -~ x
a i o .- g B a ‘
i o
g } N % g
& wo | 400 —| - ‘
L-
‘ R P |
| a < _ o !
o ° 200 — o
200 --
<o
:‘ 0 — : : 1
6 ——— ] 10 20 30 40 50
10 20 30 40 50 culkPa)
Cu(kPa)
(a) LY 100kPa (b) YL 150kPa
8 10. H|HfSZP=Q SBAIRIZ S #A)
600 ——— - e 600 | e
. p'=100kPa(measured) | —-@- - p'=150kPa(measured)
—o - Greenwood(1970) — @ -~ Greenwood(1970)
500 — : ~ — & — - Hughes & Withers(1974) 500 — |~ —4 - - Hughes & Withers(1974) :
X - Vesie(1972) —-X-—- Vesic(1972) i ) O
— © - Hansbo(1994) | | O  Hansbo(1994) <
soo _ ® S A
400 — e 400 — it
- A <}
-~ . - —~ - X
- A
% 300 A @ 300 — Jtien o
’ = o ,
- ‘ & .
200 — o e 1 200 — o—
o - | )
- 7 | .
100 — 100 — :
[ ] o
o — T I T o - T T
10 20 30 40 50 10 20 30 40 50
as(%) ag(%)

(a) UL 100kPa

(b) L 150kPa

T3 1. AEZTI HOMIS| HI(KIE TB)

# 7. X@EE Tefdt SRR Adia 59 KX e

=35 =]
(%) | ookpagd | 150kPa
20 170 195
Greenwood(1970)| 30 207 236
40 247 279
20 214 246
e
ANz 40 364 414
20 227 258
Vesic(1972) 30 303 343
40 389 438
20 237 272
Hansbo(1994) | 30 324 370
40 425 483
20 70 80
Z5zt 30 125 140
40 152 173

46 S=XRIEEE=2Y

X202 M4s

& T3] 91814 4 (103} e A Ak
Qusc=C * Nc' (1_as)+4u,pile t Qs

(10)

A7V, gy @ BFARES] XX,
Qupire © AIE FAO0 2t HEF A XY
N, AAZAS( =0 ]2 57 AE)

2 (102 ol g3lo] IFAAGL b Aksle] 4
Ashe %79 79 17 2ok 38 HojN Anud
A3hee LHSIIE AR o3t TGt =
FAR AT A o7t Age L % dAoH, ¥
A7 AR 0| 2AL ol HhEolE FAXN LS
TejEse o 4 glek
=

[

5.4

o] AN Al= 20%, 30% L 40%2) 2T = maje



Bo 2% T QY YUNRIIS ol8F BFAY
o saole] RAGAYE ABAEe] XY B4
gtelsigict w4, LS Tejst Bax|ste] 21X\
2 Fob7] gelA ABgol tat EH R XN
2 73 5 Qi AL ANSIon 1o tat HEAS
AEsE] A ARAT Atalo] ofF Baxw
o] AR YL vj@ate] AESATY. AT B AE
o Hejed oheat 2k

(1) B AEe] B A 24 ARd, A8
go] 20%0l4 30%, 40% F7eol wet 33t 2
#)go] 7151 A0 Lehiton], Mghgo] A
22 A2 ge) £7He-E WolxE Z2= ekttt

@) BHARAT U] & A AHEAW 1]
W% AR 7bo] whet Bakx(de) Tekx A e
o] Frlsg o, £ HEAN] H)ste] mafct
o] A TE 270 AL Aol X
40%4 108 o4 E7eke Aoz vehic

(3) 7120 B IVANY AHBAEL BYA
3 Ao} vEe o IRXNAL Ffrieks

Ao eyt

@) 712 BASE 72 AHEANY HlHS AU

A AIQke AgEEel e e mAsHe A
A2 gt & o geiHes AAEe 24
& 4 gloeier Aza

SR
Lo A%E, 289, 015, 2T (2004, XAFTH LA, £A
0 e

2. MBS, S (1990), “Hitk LM e WR e T 5SCPLE

D EARIHERE W & BRERE)", BiE BHHER, No.669.

3. Barksdale, R. D. (1981), Site Improvement in Japan Using Sand

Compaction Piles, Georgia Institute of Technology, Atlanta. pp.48-75.

4. Greenwood, D. A. (1970), “Mechanical Improvement of Soils

Below Ground Surface”, Proc. Ground Engineering Conference,
Institute of Civil Engineering, pp.9-20.

5. Hansbo, S. (1994), Foundation Engineering Development in

Geotechnical Engineering, Vol.95, pp.450-455.

6. Hughes, J. M. O. & Withers, N. J. (1974), “Reinforcing of Soft

Cohesive Soils with Stone Column”, Ground Engineering, Vol.7,
No.3, May, pp.42-49.

7. Vesic, A. S. (1972), “Expansion of Cavities in Infinite Scil Mass”,

Journal of Soil Mechanics and Foundation Engineering Division,
ASCE. Vol.98, No.SM3, pp.265-290.

AFLA 2004, 2. 9, AAFEFY 2004, 5. 14)

DeHCHELS(SCP) AIBXIBte) XIXI&0f 28 A8A 2 47



