A Numerical Study on Granular Compaction Pile Method Reinforcing by Using
Lean-Mixed Concrete

AO = —_ A
?:!3:'1_* . IJZ!%EJ!** . ?:lﬁi*** . |:|_|-||37é-|****

Kim, Seung-Wook - Kim, Hong-Taek - Kim, Jeong-Ho -+ Baek, Seung-Cheol

Abstract

Stone column or granular compaction pile have been used in widely during the several decades as a
technique to reinforce soft cohesive soils and increase bearing capacity, accelerate consolidation settlement
of the foundation soil. The bearing capacity of the granular compaction pile is governed mainly by the
lateral confining pressure mobilized in the native soft soil to restrain bulging collapse of the granular pile.
Therefore, the technique becomes unfeasible in soft, compressible clayey soils that do not provide sufficient
lateral confinement. This paper presents the main results of numerical study of granular compaction pile
which is partly mixed with lean concrete. 3D finite element analyses are performed with composite
reinforced foundations by both granular compaction pile and partly mixed granular compaction pile with
lean-mixed concrete. Finally, a regression formula for calculating settlement reduction coefficients is
proposed in this study by using numerical analysis results and applicability of the proposed method is
identified by a series of parametric study about settlement reduction coefficients.

Keywords : Partly mixed with lean concrete, Settlement reduction coefficient, Stone column, Granular
compaction pile
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FY 121 477 3.12x10*
12kg| F 122 | 481 | 426 [21.00x10*|849x10"
F12-3 | 426 1.35x10*
S| F91 | 251 2.69x10*
uh| 9kg| F 92 | 409 | 267 |024x10*|1.25x10"
I F93 | 267 0.81x10*
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£ 8 FAsAMol HEE o

] A
7o T E R D O P VN e R e
(KN/m) | (kPa) | (°) | (kPa) (m) | (m)
E AN 16.55 17942 | 204 | 14.42 | 0.400 | 0.239 | 0.043 | 0.788 | 10 - MCC
s 5= 2256 | 30411.0 | 39.0 0.00 | 0.300 - - - 8 1 MC
wip | Case 1| 2256 | 441299 | 40 | 2108 (0300 | - | - | - | - | 1 | MC
@ | Case 2 | 2256 | 1225831 | 40 | 130920300 - | - | - | - | 1 | MC
ul
=
& | Case 3 | 2256 | 8325846 | 40 | 2088.8 | 0.300 - - - - 1 MC
A s w | 7701 | 20608 | - - Jo1e7| - | - | - |&=03] 3 | FElastic

MCC : Modified Cam-Clay Model
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Mohr—-Coulomb Model®] ¢ =HEA 7S

sk Am= dgstdon, A9
Cam-Clay Model®] 948 A4 AA

KeN
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2 AEARARES 5 57 AR B

3tk Mohr-Coulomb Model ¥}

H Ao A8x = XHke] HE A
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o]  49.05kPa(0.5kgf/cm?)Sl A%<}

MC : Mohr-Coulomb Model
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Bl A3 Aoz Ry EEd FAEE F 5.3 EAA T E ASIHS &M
Lfo = Z%%’é‘}l 23H8-S 20%% 7% A9 A
P AES 996%= YEistew, Hdle mddEE Oy 7~19 9= Hibfg ZaYE ZHE U3
Agota xES H0%= 7HAS HE Hskas o] HAANEE ASIAATE 254 FeE
O 294%2M Hatgkao dis] Jbd g 9= TR A2 RE AR HskEo|t Hbjg &
Aoz Yehal AYE ZXHE YgU5] RAANEE 05D~50D=
E O glujg 23a|E BHLATo walof w2 SIECHHY &St
. 3= casel case2 case3
RHAAE 10kPa 400kPa 10kPa 400kPa 10kPa 400kPa
0.0D 1.728 56.318 1.728 56.318 1.728 56.318
x| 8h& 1.0D 1.626 54.497 1.593 53.552 1.587 53.087
20% 3.0D 1.396 48.333 1.269 42.060 1.243 41.308
5.0D 1.210 41.396 0.983 26.788 0.933 25.333
0.0D 1.443 47.751 1.443 47.751 1.443 47.751
PRI s 1.0D 1.347 43308 1.316 42230 1.310 42.021
30% 3.0D 1.154 35.888 1.049 30.182 1.028 29.680
s 5.0D 1.017 30.062 0.848 18.289 0.811 16.822
3t (cm)
0.0D 1.269 39.737 1.269 39.737 1.269 39.737
X 8h& 1.0D 1.179 35.576 1.151 34.089 1.145 33.799
40% 3.0D 1.018 27.363 0.934 23.35 0.917 22.932
5.0D 0.914 21.046 0.779 13.776 0.750 12.572
0.0D 1.153 33.847 1.153 33.847 1.153 33.847
x| 8h& 1.0D 1.071 29.920 1.046 28.499 1.041 28.095
50% 3.0D 0.934 21.770 0.865 18.721 0.851 18.269
5.0D 0.851 16.811 0.739 11.040 0.715 9.939
% E : %o.a %‘03
§ || i £ | St g ]| il

Relative Settlement, SR

10D 20D 30D 40D
Relative Reinforced Length of Pile (p=pile diameter)

Area Replacement Ratio, a = 50%)|

50D

10
Iy
08 9 3
a R o
9
06 a
A 10KPa Case
© 30KPa Case
A 60KPa Case
04 O 100KPa Case
O 150KPa Case
A 250KPa Case
02 O 400KPa Case
: — Upper Limit
— Lower Limit
0.0
00D 10D 2. .0 D .0 D 50D
Relative Reinforced Length of Pile (p=pile diameter)
2| A x|l 5 — Al =
g 7. oI'EH |:|| OI'Hl B4R

2+ A (Case 1)

Relative Settlement, SR

00D 10D 20D 30D 40D
Relative Reinforced Length of Pile (p=pile diameter)

Area Replacement Ratio, & =50%

50D

5 10KPa Case

O 30KPaCase °
A 60KPaCase

o 100KPa Case

O 150KPa Case

A 250KPa Case
O 400KPa Case
— Upper Limit
— Lower Limit

Relative Reinforced Length of Pile (p=pile diameter)
O 8 MuEsH-EUAME

A (Case 2)

00D 10D 20D 30D 40D

Relative Reinforced Length of Pile (p=pile diameter)

Area Replacement Ratio, a =50%

50D

9
9
08 2 10KPaCase
© 30KPaCase o
A 60KPa Case
04 O 100KPa Case
O 150KPa Case
A 250KPa Case
02 O 400KPa Case
— Upper Limit
— Lower Limit
0.0
00D 10D 20D 30D 40D 50D
Relative Reinforced Length of Pile (D=pile diameter)
=2 A Ny — Al =
O 9 duiFEst-EEAE

2+A|(Case 3)
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welalz o Hiujgt ZATEC] Hj3H]E Case |,
Case 2 ¥ Case 3°o.& WA A7IH HAS 33}
Aot 2 AR uveld Addiieise 2hzthe
FAFH R dozl HetdFs TR 2HE thF
o] Hetgow A tsirzl 2R =ASH S
w2 BN Zzte] wigAdEE XEE&S
2021 7A-5-9F 50%= 7FA e 9o tfs} E}
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AN .

gt ZagEe] wWigdE # ASE 20%9
A B

Y
iy

o] 20%%  FA FEskEol  10kPaclAM
400kPaz F7tete 7ol diste] A A=
Ed® & £HE gEs sk

AR 20%0 2= A et EE ARk
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