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ABSTRACT : The aim of this study is to analyze the mechanical characteristics and settlement feature of the composite ground with
structural form changes. The laboratory model test is a soil tanker to be contained with clay and grid form improved soil, which
is conducted in total 9 case with the uniaxial compressive strength of improved soil and replacement ratio of improved soil. The
numerical analysis for variation of stress distribution ratio with depth was performed in the same conditions which are the laboratory
model test. As a result, stress distribution ratios in mid and high replacement ratio are increasing and settlement is decreasing, except
low replacement ratio. This study is presented for form effect ratio and settlement reduction factor with change of structure form,
which is able to be helpful in further research and reference for change of structural forms at composite ground.
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Fig. 1. Stress distribution of composite ground

A% o] Batael AFoR Wl ek, ol F o]4
A7k A ALlE A BT ES Ao

SE

Aok PAuke] WHEA O] Kol op @Al

LAYSHA e olof FEFANES] 5ol NFA = %j I

wo] Aoz YEA|RO= g0l A3FE L 7|

Fig. 1

Agego) os HEYA| G| Bkl

[e)
bR S0 vl BaAuel Y S

I} o] AHE Ao dARIHER F44dE &

Sha|abol| 2FLEe SBo 2w oJokx|ul W Ak o] A

7|2 ALEY, o]F 4%tshd Eq. (1)~(2)2

=kt
2t
P =P + P=ocA= A + oA,
n= ey
o714, n = FHEHEH]
o, = A A-8-8h= S
o, = AeEAure] g1 39
P, = A 285 3
P, = HEof 2gst= 3
gA= nJ(Ai + U(Ac = Uc(nAi + Ac)
B
(n—l)as-i-l Hi
e 1 _
(n—1)a,+1 M
Uyt/U M
7|, o = YARH} ANFA AA7E v 3
A = A AR AR A
o, = MFA7E = 39
A; = WA A
o, = AAuo] W= $2
4,= Ax)ute) v
n = geEg)
a, = A&
b = SegaAS
Auh o, BN St A dHeH % AT

26 >> A Study on Ground Reinforcement Effect with Structural Forms of Improved Soil



o
R
o
i

o
i
g
g
_?L
o 4
Mg
olo
1%
i
e ot 2 o

Do mE % oo
o
2
=)
i:

ot e 9,
o
o
rO
o X

Y
)
rE
ol
R
X
)
e
a
%
<
il
>

olo
Ol
ol

[\
[=3
(=}
—_
~

N
N
I
o
>

lste] st

AARE HEA | A S 483 HFAe] Hoh=
HEAM 2-g-5h= *OH"% SEo] NFAZ Hol=HA 4
i oz A Alof 2§t S ET) ZobA| oo
P7=aetol FropA|aL, Ao WAsh= skt A4
et whEbA SRS A A= Qs skl
dasHA ==t e Zol F
Qe A A M FAGAT ek
(Yoshikuni, 1979).

p=-— (€)

o714, § = wAel Auke] Hst
S, = SaAure] Wk

ot

AREAD AFAL A A% F Aot Bk 7]

e o= oy Jster Aol ek st sk 2AE
7= AA Foh AR AMEAE HEAE AEste &
W FollA tiite] HejrhEEs oA A8sk= st
Table 1, Characteristic of clay
LL PI #200, Passing (%) Gs USCS
41.0 19.3 95.7 2.70 CL
Table 2, Overview of the laboratory model test
Strength 25 kPa 125 kPa 250 kPa
As@) | 1] 3s et [ i3 e |1 ]3] el
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10 kPa 10 kPa 10 kPa
Loading 2 phase: 2 phase: 2 phase:
Condition 30 kPa 30 kPa 30 kPa
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50 kPa 50 kPa 50 kPa
Phase by Phase by Phase by
Time 4320 min 4320 min 4320 min
Total: 9 days Total: 9 days Total: 9 days
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Fig. 2. Acrylic mold with replacement ratio for improved soil
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(d) Sand mat

(e) Load plate (f) Loading

Fig. 3. Process of the laboratory model test
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Fig. 4, Comparison of stress distribution ratio for circle and grid
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Table 3. Stress distribution ratio for circle and grid forms
(Improved soil-25 kPa)

As Stress n n Form effect
(%) (kPa) (Circle form) (Grid form) ratio
10 1.75 1.31 0.75
11.5 30 2.72 1.76 0.65
50 243 1.7 0.70
10 3.17 3.39 1.07
35.0 30 4.94 3.74 0.76
50 4.07 3.12 0.77
10 1.83 2.74 1.50
61.3 30 2.28 391 1.72
50 223 341 1.53

Table 4, Stress distribution ratio for circle and grid forms
(Improved soil-125 kPa)

As Stress n n Form effect
(%) (kPa) (Circle form) (Grid form) ratio
10 3.38 3.36 0.99
11.5 30 393 3.40 0.87
50 3.61 2.89 0.80
10 12.37 13.77 1.11
35.0 30 14.36 17.27 1.20
50 13.51 14.2 1.05
10 9.50 9.43 0.99
61.3 30 13.23 15.42 1.17
50 12.48 16.2 1.30
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Table 5. Stress distribution ratio for circle and grid forms
(Improved soil-250 kPa)

As Stress n n Form effect
(%) (kPa) (Circle form) (Grid form) ratio
10 9.76 1091 1.12
11.5 30 11.24 14.27 1.27
50 10.71 11.74 1.10
10 16.79 18.69 1.11
35.0 30 18.62 21.94 1.18
50 17.07 19.81 1.16
10 14.27 15.61 1.09
61.3 30 16.75 19.14 1.14
50 16.04 19.46 1.21
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Table 6. Settlement for circle and grid forms
(Improved soil-25 kPa)
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Table 7, Settlement for circle and grid forms
(Improved soil-125 kPa)

Settlement of Settlement of Reduction
As Stress . .
%) (kPa) Circle form Grid form Factor
(mm) (mm) )
10 26 27 1.04
11.5 30 47 50 1.06
50 71 74 1.04
10 20 18 0.90
35.0 30 42 44 1.05
50 58 61 1.05
10 15 10 0.67
61.3 30 35 21 0.60
50 48 31 0.65
Load (kPa)
0 20 40 60
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50
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80

Fig. 7. Comparison of settlement for circle and grid forms
(Improved soil-25 kPa)

Settlement of | Settlement of Reduction
As Stress . ;
%) (kPa) Circle form Grid form Factor
(mm) (mm) @)
10 9 8 0.89
11.5 30 25 25 1.00
50 38 40 1.05
10 4 3 0.75
35.0 30 10 7 0.70
50 14 10 0.71
10 3 2 0.67
61.3 30 8 5 0.63
50 11 7 0.64
Load (kPa)
0 20 40 60
0 = 4=+ 11.5% (Circle)
o ":*\"“"-0 = =+ 35.0% (Circle)
-
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B ““h.. -
£ Sea = «0=+61.3% (Circle)
: \
g
E == 11.5% (Grid)
[T
%
wv
=t 35.0% (Gid)
30
—4—61.3% (Grid)

40

Fig. 8. Comparison of settlement for circle and grid forms
(Improved soil-125 kPa)
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Table 8. Settlement for circle and grid forms
(Improved soil-250 kPa)

Settlement of Settlement of Reduction
As Stress . .
Circle form Grid form Factor
(%) (kPa) ,
(mm) (mm) )
10 7 5 0.71
11.5 30 17 15 0.88
50 26 23 0.88
10 3 2 0.67
35.0 30 6 4 0.67
50 9 6 0.67
10 1 1 1.00
61.3 30 3 2 0.67
50 4 2 0.50

Table 9. Applied integers for numerical analysis

Divisi E Unit weight | Strength
ivision v
v (kPa) (KN/m’) (kPa)
Sand 10,000 - 18.0 -
2,615.69 0.30 15.35 25
Improved
soil 28,776.72 0.30 14.85 125
i
50,597.36 0.30 14.42 250
Clay 1,000 0.35 16.12 5
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Fig. 9. Comparison of settlement for circle and grid forms
(Improved soil-250 kPa)
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(a) 11.5% (b) 35.0% (c) 61.3%

Fig. 10. Modeling composite ground with replacement ratios
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Fig. 11. FEM results with strength 25 kPa of improved soil
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Fig. 12. FEM results with strength 125 kPa of improved soil
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Fig. 13. FEM results with strength 250 kPa of improved soil

:I:‘
ofl
Y
19
)
fm
)
rlI.
-
o
rﬁ
2
e
-
03;‘
ol
ok
rr
olo
)
Sis
S|
o

wLalck.
AR 7 |
ol T A TR S
getio] meulelel SRS 4
sAel e Ay mR AR 2o 2
woll e} SHREHIE v = Jlon, AUAlY
2 1ol 98| Al SR Ee)

5.2.1 JHEA| LT 25 kPa &M

A7FE=H| 0] 25 kPa THEAIS

e} vlars]] B, A Y

& 11.5%(75 kPa), 35.0%(90 kPa), 61.3%(72 kPa))3l wHi,
234 g2 oF 55~63 kPao . 5223
A ghol 2l AP olfi= AiAE Y] e 8
A ol AAsk=d, o] SA k= floll dd =4
+E 88st7] gt MEMES Zdste] Asked
S 518314 E} Hi=2] 3180l =
71 =], HER=
Al t'“ﬁoh"'- APPOﬂ o2 Askeeo] Al o
e vrehnt 1 da A o] dike AUiA)

AlS
Wl A O R oF 30~40% LA AP Ang B

A Aol 2l A=

o
[e)
#ko] 72~90 kPa(2| 2k

SHUREES ueth 53

Az A

A vl

o uket

2 ok g

Atz o= A Het ol o 2

A2 11.5%001412] A= ©F 20~30 cm W Sﬁ—‘?—%ﬁﬂ]ﬂ
2]

Depth (cm)

Fi

g.

0

30

20

10

E]‘C.‘ 7HE‘:11H it

~
L
I

Y

2
Stress distribution ratio

43| Wojzl= Z2,

=3
RoA] 7Hakxﬂ7} A 5o ‘14_?%01] w2 Ao} g
W) OR B ), 2

nuozg getEc)

——Replacement ratio 11.5%

=m=Replacement ratio 35.0%

=s=Replacement ratio 61.3%

14, Stress distribution ratio with depth for improved soil

strength 25 kPa

32 >> A Study on Ground Reinforcement Effect with Structural Forms of Improved Soil



5.2.2 JHZH| L= 125 kPa M
b ZF5=(125 kPa) 7HEA|S] Sz AWAIR ) 82
‘:':5(0k 80~125 kPa)2} Hlﬁﬂ S HYlo, HERA

w27} gk ool whet =] 32
< S918k5Iet Fig. 155 125 kPa 7HefA)] 2] QE&* vo—f“:i—‘:#
HIS UEhd Zloz Ae #slo] nhE FeRgt] = tha
H3p7E glom, o= JRkA|o HEANES] A3 Ato]of
to] ZHEgAll 285k SEle] v A7) e AdEL).
SRl Ae] ot Al -SR] B AYAIE T} 2o
A 2hE 35.0%0°1 7 & =
25 kPa 7lEgA|9} vlasto] gl igu]7t ST A
2 A STt ok Aol Agshe SRl &
7FeRgdan, ololl ZH=kA7F Askg-=oll S8l Akl v

Lorjy o >i

O

o= giehEch mEba gl gl AejolA A2y A
FAE SRR axbAl o e 42 Qlck

5.2.3 i LT 250 kPa =4

AAH o= NFA T Ao we d49] 9d<=

70

——Replacement ratio 11.5%
60 1 |

.
A\

50

0

30 T

—m=Replacement ratio 35.0%

Depth [cm)

20

] \/M 7L

\
l
|
/

0 2 4 6 8 10 —s=Replacement ratio 61.3%
Stress distribution ratio

10

T

e

Fig. 15. Stress distribution ratio with depth for improved soil
strength 125 kPa

——Replacement ratio 11.5%

60 =~ '*\ t
|
~ 0 N
; ™
<
£
-}
2 | ¥ |
8 30 H -m=Replacement ratio 35.0%
20 _
10
/%/

—s—Replacement ratio 61.3%
Stress distribution ratio

Fig. 16. Stress distribution ratio with depth for improved soil
strength 250 kPa

HERL Jj2d] 7420 EAL uladsl Aley Sy A
F& vrER AL 9l

Fig. 163} o], 7= 250 kPa 7HeA|of it 4=2]3)
A AT 23E(11.5%) N7 2= MdP/A)] whet A
EHR F FYEES WY oL, 9A] 20~30 cm F7Ho]A
Achu) 7} dojt Aoz vk B Ao Ay AFE
Aol o] |4 AFe] Am Ao M= A=y A
FAl= Xl uE B dddolgts g4 S H

}i

o] WAstel, A3 SeEEH|7L taslA Hek wety
AL A48 ) S Apstor 2 A

ow g,

5.3 =X[aHAdo] 25t H2

o
)|'E
4
091
=-i
2
o
El

Table 10> =234l o3t AF %
22t AWAIRol o3t SHEHHIE ﬁ*XHﬁFEﬁ}
oA Hgheo wet EREseh SA, AWAIET 523
A AN Zdeoll whet oF 10~35%2] Zpol7} A7)
tl, o] AWAIRE w2 o weh 2HE MEmE
7} SA btz Qo] Ax|E o], Atz oz Wi ujr} H
5o W WHES WA Al Sl ¥ AFH
i, Ao s SYIEEEZL ¥ A AMEE AvE 12
Aoz ey B3 s A at AWAIE Aol A2t
o] AR EHE(11.5%) 3 7] $Ha(35.0%) bl A &

Hl7k 328 Srbeks SEATE At AR
A3 A= ARAL o S

N ofr my r2
ol

R 7} a3 = gy
wsta} A9) glovk ARl AEst ARel et geE
] YA faks A ANE A0 R TEGAS
SR 2 9 MAE AYS o 4 ek

S2)8) Ak, Nego] EE A9 TR AR A
AsHES W gl Ao apgEglon, oo uet 5

b5
)
olo
i)
i
o0
z
H‘l
i.‘l
i
2
A
i)
T&
2
o
1
LN
o|N

Table 10. Results of stress distribution ratio by numerical and
laboratory test

As (11.5%) As (35.0%) As (61.3%)
Division | 25 | 125 | 250 | 25 | 125 | 250 | 25 | 125 | 250
kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa | kPa

Test

e.s 1.70 | 2.89 [11.74]| 3.12 |14.20|19.81| 3.41 [16.20|19.46
(grid)
FEM

. 125506 | 12.0 | 1.36 | 7.77 | 14.0 | 1.44 | 7.88 | 13.0
(grid)
FEM

. 1.41 | 4.60 |11.61| 1.52 | 6.79 [11.19| 1.56 | 6.02 | 9.59
(circle)
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