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Numerical Study on the Stress-distribution Ratio
of Grouting Pile for Reinforced Ground
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Abstract

Underground structures, such as compacted sand piles applied as soft ground countermeasures, are analyzed for
settlement and stability by the composite ground design method. The basic principle of the composite ground design
method is the arching effect. The reinforcing effect of the pile is evaluated as the stress-distribution ratio. When applying
grouting piles with elastic properties using the ground reinforcement method, the existing stress-distribution ratio was
only considered when the pile was installed. This study shows that the method of applying the stress-distribution ratio
applied in previous studies should be changed when the ground reinforcement pile is installed at an arbitrary location
in the ground without raising it to the ground surface. When high strength jet routing is applied, the stress-distribution
ratio (n) to the in-situ ground generally ranges from 30 to 50. However, if the pile is located far from the surface
and the depth goes down to the boundary depth of the stress sphere, the stress-distribution effect rapidly decreases,

and the stress-distribution ratio converges to 1.5.

2 x

AOANE AT R A GE L PR YR} 22 A FTRBL T2 HFAN A o5 st & A
& AR S A Ve el ol fvteln] W] BRI SRR BRI A EAS
Z¥e ok UES Ao R Aee uf 7|29 SHEg] BrHs UHo| NEAAX A= gAftEo
ST} AA|Rte] Zo] A Ashele Ak wejs] gk B A ANk BE| HXE XA &)X
UL A of= gIXol A mhre welis G| AEel o8] e geEeE] Hg Wo] GepHof Frke
A& HolFgleh IAHE Jet grouting©] A€ QS uf ARk Thek 1eked W] SEHH|(n)E FAF 30~50
919] ghe Agh DY o) AHEAX W] ol Aol WE Aee] X7} N maRE W 77
X A9 SR BIE 3] AR G2 sress bulb) AAZE Hie ol e A g 150 Ak

Keywords : Ground-aching effect, Grouting pile, Jet-grouting method, Soft ground, Stress-distribution ratio

1 R3¢, olstetn EEFsky} vfaluls, o A -ollxuo]g] . (Member, Ph. D Student, Dept. of Civil Engrg, INHA Univ. / SQ Engineering, Executive Managing
Director)

2 A9, A&AYYsty EEFsIy} B4 (Member, Associate Prof., Dept. of Civil Engrg, University of Seoul)

3 8] ¢d, olstgtn E&-338tw} "pAlalA (Ph. D Student, Dept. of Civil Engrg, INHA Univ.)

4 A3|9, olstjsta E&38k; w4 (Member, Prof., Dept. of Civil Engrg, INHA Univ., Tel: +82-32-860-7577, ksong@inha.ac.kr, Corresponding author, 1A% Z})

B =go] gat Eo)E Ush: H9S 20239 89 317K 1 8-S S BulFA] etk ARe] AE Wt T 8ol ARstel =gyt

Copyright © 2023 by the Korean Geotechnical Society

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Agr22E eted 252 SEH=EHI0 et +=XIaiA

Ja

A 19



AoAEE 4 A=A SHoMe =&eh 2a
ol w2 AAE ANkE AT o] F 7]2A
2 A sE AR 5 glo] bt

MPRIAIRICE, ofn) 28

S
32
rr
e
i
A

Ml
oX,
_OIL
fr
i)
A
ol
E
filo
u)
o
|
il
ﬂoL
Rl
3o,
o

N o
fo o N
N
12
N
2
fu)
1
of
rE
lo
U
m {
oo
ot
o,
o
x
i)

41
o

TS
)
ot

(o]
s
e
ﬁ

N
flo
N
ofy

e —H
BN
g

1

z
bR (Sand  compaction pile) ¥} 4
W3 H(Gravel compaction pile) 5©] %S
U] 79 Glokxu el A|uknz)
sko] shel obAo] oiet AES

i

i}
o rlo
it

H
B

(s

O:

i
==

i 32
x
SoE g 2

AN g2
T oofft mx
o M
A
T
2
=
ot
=
jaim)
o
Ir
2
ol m
ol
ol
2
mﬂ
i
=)
Yo
AN

o~

o,
Mo
ol
2,
2
o
ol
ol
o
B
i)
o
©
lo
N
oo

r®
©

i

o

2,

/‘-ﬁt nx
o

A %0 rr 1o o M KU x o mE o o |o
m!
%
n

)
!
R )
+ e
e
>
ojr
Y
re,
)
il
o
lo
1o
re
r
)
o
rlr

O.
ot
oX, ﬂiEl

o] AtjH o Am B, HAA AT BAS Aok

Aot agolw Baka

1
B3R 0|28 A §3Hs o]

2] 7 olal W 22 AR A7}

[e] =
L 7lEdelolth & AT Ik W] Qo]

gazHos 289 Ao Avkuz

)
HER )5S Al Sl 28 59
o= FZTh o} I WEO| obY I} B4
s selsls] glat A= Teke o
AX vk} s 2H8He AEA| Afole] u]wL
AEE AFALEES EshedrkFig 1),

1 shRe) Qo X

e

2 e

flo

2 ool
o oy

i
—_
o,
ol

BRI oo
d
F B w9

R
=
e
oy
=
N
i
il

lo
4
,>i',
%
>

(Surface gurcharge)

B B

B

e Embankment fill

A
1o
o
ox,
ol
o g
[,
futt
ofM
1o
ﬁ
e

|5l A ARhLA)
I HE s Soloh & dts AREE

Asie] 7] W 2gstel ety BEe

Ao
2
U
1o
oy
H1
1o
W
N
2
E=
_vg
(o
x
iz
::1
>
icd
N
[e]
op

Load transfer layer
(relatively stiff soil)

Grouting pile —»

Soft soil

stiff soil

Fig. 1. Ground reinforcement pile application model with load transfer layer
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Fig. 2. Typical model with a ground reinforcing pile method

Ba ol e TefakA) ki AN W] 4|
| 91e] Aopxrel] tha) WY B, H7] Teln
HAE mels dAuTe] B AEAsE 9By
0@ Agahs WAle] B o] 2L Aukug W
o2 mikE AoEAure] ebgat Astel oisl ol
e At waE 4 ok

Ak obgol el TAT BAAE AET Sl o
3 A glopAut g o) Asto R A8k 9
L oEATERT R AATETY S 5

=0t E3] dtE]oj9tiBaumann & Bauer, 1974;
Alamgia®} Miura, 1997; Barksdale™} Bachus, 1973 ).
SEA|GE o] 23t A5 B Fig. 29} T2 Unkd w
s F e r sk lar skt BAAREE Afo]
of stEsdEsol e AN A9 A4t (S
A ARERZY THRo] A
RG] As Ato] dFE =

sh5o] HIlE &

i
)
>

lo
oz
1
ox
2
Of

=]
=

ol

i

oX A
o ngt
I

o

4

N,

>
ol
ol
rir

4 B o2
oflt o
N
r\l
lo fdr ©
4
i:‘
&l'
>
i
E
lo
il
>
L
by
Y
oft
|
)
to

QL
32
T

ke BN BA A5 YRR oR 4N
wrEo] 7o) Uxule] wl w2
Rz Bo SFHFRBR el B
AAsH Aom AAeA ek 8 2
Ago NFol 19 WES AAT A BE

s QAN Hoh G55 SYRAL gk SRR

=240 FAYELRS] He= 4 24MPa H =9
AEE A AR L DA A
38 79l 4-SMPaZ HA7E A Tk AXu
T} AIES SR HHAIDCM)S TR 2R 2.0MPa
Gol MmA AREg AAY|E A A ¢
A AR L s el AE G
Qor|m NN 247] o e dod Folt 1
AT ABL A% Faoh e 7)skebe Paollt U
3} AAuke] A T3 AAeEe] 2] S st
whe} chasil Lehe Zlolth B s ] Aol
Teek A5 WAska glo] 1 ShARE Abe
HEo] MAHL 49 sPgste] Wt AX MY A
5 A% EHS ATt Telm oled Aol B3t
At AAEE A8 4 §eg Kol

2. 0|E2H HHZ

O e 7 =
B ol Y Aeole GYEEoR Rtk &
A e GUUEY ANhEa) WS qios gt

Baar AA S BIbE 26 Qo) s5o] AfstE
Ao Slxuly} ke 7 gHEo] Ea| sk A o]
et 747 BEshs o] ttEn o] & WE Ho
2 5Eo] AFHrh o|& U3 YAl FaEs

ASHEAE JetRE =50 SHESHIN et =Xlhad 27 21



o] grasty] Yslapo] MR o2 sl Bk B
ARE AAH2 ofgfj o] o] AL Sl HHAINE 4
Sl wRle} QAR 77k HEEE See AT
ok Fig. 33t o] H-$el(0)e] At Hw Auhtelo
2 Aol o, A=l 0,9 Seo] WA 242}e] W
Yol A, 4.2 8] WolA] elo] AAsITh 714
shet,
U><A=ap><Ap+aC><Ac
A71A, SEEHE(n=0,/0,)F °|-&5t A& HF

a><A=n><ap><Ap+aC><Ac=ac(n><Ap+AC)

a,,/a=A/(n><Ap+Ac) = 1/((n—1)ap+1) =,

A7V, p, : SEBLAZ, 1, : SHEEAS
2884,/ 4)

wabs AAjike] QL o, = x o2 HIAL] 2
L o, =} o R R 4 9lrk S EEHm)E X%
WA OoR ARSI BHE T Table 13} 22 3HE

5 A8 WA wAT LR SRALHI)

2.2 ot o|=

o3 & N arching effect)= A|H} oA HEH ] &

ap/a=nA/(nAp+Ac)=n/((n—1)ap+1)=,up
ol HAHZE ol Fdl= BEY Al avts dE =t
Ac Ac
////4\\ //4\\
LA ) . Ap )
N N
A = Ac + Ap
—o
o
YYVYY YY Y YY Y VYY YYTYY VYY VY VYY Y Y .
Op Op
Oc
;;;V\VV‘+*+*+$+“V’\‘V;;
Op Oc Op
Grouting pile——

Fig. 3. Stress diagram acting on composite ground

Table 1. Stress distribution ratio by construction method

Characteristic

Sand compaction pile

Stone column Deep cement mixing

Low—strength <04:n=3
. < < . - - N
Ratio of stress reinforcement 04 < & < 9.7 ._n 2 5~10 (020
distribution 07 % auin=

(n) High—strength

reinforcement

Jet—grouting : 30~50

as : Replacement rate (a ratio that replaces the ground with a grouting material)
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International Journal of geomechanics)
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S o] GC-B GC-CL 7HzF 20MPat} 40MPa®] 7+

Table 2. The recommendations of strength and modulus’

AE 7= T o g 71451 th Jet grouting column’s
Flastic modulus= o2 EAA7 glovt ¥ ¢lef A

L ey wEe) A Aol UE Hleh &
ujof tgt FFdnute iR ® dntAo s g
3l oFll 9] Unconfined compressive strength -Elastic

modulus A AL 2154

Jet grouting column’s Elastic modulus

E,=0.043W,°\/f., MPa

W, : ~ of the Jet grouting column

o] Y7 wele EAF Mohr-Coulomb 228 2
S-3}A 9k Jet grouting columnS HHWHE ZA9] €4
A AEe she AT wEo s TPt S
&d(Elastic) L2 2-gFr) o] ‘FHHY 279
FA Ao A ARt A g sl o] dats 2
2}o] & Ho]z] ¢F=THAboshi, 1983)' ATLE AR
B A7E Sldl AT S AEEe FAe AReE
O] F7toll ofsf| At mdlo] uhi|w= A3k WIS
28k 739 dhEo] b 2rlol S
HAE Tletel] ol

B ATE gusiae Egsha glov gusae

Soil types Unco;fll(r;i(gjw(]: CE;\HAE:;SSIVe E/au Average E./qu Average E,/Cy
Gravel 10-30 300-1500 500 1000
Sand 10-30 200-500 300 600

Silty soils 1-10 100-750 250 500
Clay 2-6 50—-250 100 200

1'“Design concept of the soil improvement for road construction on soft clay”, Proceedings of the Eastern Asia Society for Transporation Studies,

Vol4, October, 2003

Table 3. Analysis results (Fig. No) according to parameter changes (¢, g, GC (A, B, C))

o () 20 30 40
a (kN/ mz) 12 24 36 48 12 24 36 48 12 24 36 48
Fig.7 . ) Fig.10
GC-A - - - - Fig.1 ;‘9'1% FFi'g'% Fig.14 - - - -
Fig.17 <. 9 Fig.16
) ) ) Fig.10
Fig.7 Fig.8 Fig.9 .
GC-B - - - - . . . Fig.14 - - - -
Fig.11 Fig.12 Fig.13 Fig 16
Fig.10
) ) ) Fig.14
) Fig.7 Fig.8 Fig.9 ) )
GC-C - - - Fig.15 ) . . Fig.15 - - - Fig.15
Fig.11 Fig.12 Fig.13 Fig 16
Fig.18
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Modified Cam Clay(MCC) =&-& 2835}tk MCC =
e =] el g-24 A3t ArE HARSH= Britto
and Gunn(1987) 73S Y= it} = v 48
HFo A A e Al 4x(bulk modulus)7} Z7FshH ARk
SHAS Hgsto] FabAst AsS FE el A

A7 Hold 4 Stk ER AMSEE ST BE &
#5898 AMRE A B3} Euler's formula® -
=k

3.2 sAE o i}
a4 Lzade A
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Table 4. Properties of reinforcement material and surcharge load

GTS NX& AHgelsion] ol g
Aubgt wdlg) skt sjale] AARZ
of 2% afapol
3k E¢(roller)E 3}t 18] B
(fix) 02 FA21E Tt st HdDS(Sand layer) <]
2t o] 242 Afst sks-2] 0.28 siEsh= 5o
HEE A5E 15) 2ole] 2 stress bulb)yE 11
Sfeloict. maYel o1% A= 5
6.0m& 71 Zo] 158} 9.0m o] ATk K7} x|ute] o}
w3 QAEE SHelsh] Sla) 1 % H1e] Rolel 180m
2 3t o] 7]&H(reference plane)of| & 2&7] A
(flatform fill7} embankment fill) i£©] 1.8m<] 108]9] =
ololl AT 810] Z7jol e AT B4 A7l

T 5 Y

=

7t o] E)e

Parameter Symbol | GC-A" | GC-B' | GC—C' | Geotextile | Distriouted load
Soil model Elastic Elastic Elastic
Poisson ratio v 0.25 0.25 0.25
Dry density (kN/m°) Yd 20 20 20
Tensile stiffness of geotextile (kN/m) J 1,700
Interaction coefficient between geotextile and sand ci 0.8
Interface shear stiffiness between geotextile and sand (kN/m/m) ks 85,000
Unconfined compressive strength (MPa) fox 7 20 40
Load value (kPa) 12, 24, 36, 48
"Values used for FE model Verification, “Values used for Parametric study
Table 5. Properties of ground and fill soil
Soil type
Parameter Symbol - - -
Silt Soft clay Sand Embankment fill Platform fill
Soil model mcc’ MCC MC* MC MC
Slope of elastic swelling line K 0.006 0.051
Shear modulus (GPa) G 15 75.2
Bulk modulus (GPa) K 39.2 19.6
Friction angle (deg) o' 20°, 30°, 40° 38 32
Elastic modulus (kN/m°) E 1.8x10°
Cohesion (kPa) c 5 5 5
Total density (kN/m°) y 20.00 14.80 18
Dry density (kN/m°) Yo 20,000 20,000
Poisson ratio 0.33 0.20 0.35 0.33 0.25
Slope of nomal consolidation line A 0.12 0.36
Frictional constant M 1.20 0.98
Specific volume at reference pressure (1 Pa) el 2.61 557
Maximum elastic bulk modulus (kN) Kmax 30.40 448
Preconsolidation pressure (kN/m?) Pc 97.4 56.0
Permeability (m/s) kw 6.34x10° | 6.34x10°
Thickness of ground fill m 0~ 18
"Values used for FE model Verification, *Values used for Parametric study
AerE2E eteE D=0 SH=EHI0l et =XIoi&8® A7 25



Table 6. Construction sequences in the finite element modeling

Stage Detail Elapsed time (day)
1 Grouting columns construction for ground improvement 20
2 Platform fill to (+ 0.6 m) 40
3 st embankment fill to (+ 1.5 m) 240
4 2nd embankment fill to (+ 1.8 m) 30
5 Distribute load 1,470

Sum 1,800
Stage—1 Stage—2 Stage—4 Stage—5

&

Fig. 6. Step of the analysis
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(240%) 13l 4HA= ofATE AFZo] 9L 22
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Fig. 7. Time—settlement curve in analysis for verification
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Fig. 11, Settlement at points Ss, S, for various GC under g=48kPa
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