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Undrained Characteristics of Geogrid-Encased Stone Column under Cyclic
Load Using Reduced-Scale Model Tests
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Abstract

This paper presents the results of a laboratory investigation into a study on undrained characteristics of a
geogrid-encased stone column (GESC) installed in soft clay under cyclic load. In order to analyze behavior of settlement,
pore water pressure, stress concentration ratio and strain of the GESC compared to a stone column, a series of
reduced-scale laboratory tests were performed. The model tests show that GESC provides a simple and effective method
of deformation resistance and settlement restraint when a short-term cyclic load is applied. The maximum strain of geogrid
occurred at 1.2D and 1.5D from the top of the column. This paper highlights the importance of considering overlay
effect and replacement ratio on cyclic load supporting GESC.
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Table 1. Properties of clay

Plastic Specific

Material | Liquid limit | Plastic limit ) .
index gravity

EPK Kaolin| 54.1 % 17.7 % 36.4 % 2.677
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Fig. 4. Grain size distribution of gravel
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Table 2. Test instrumentations
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Monitoring factor Model name Capacity Manufacturer

Pore water pressure BPR—A—-200KPS 200KPa KYOWA

Stress Pressure Transducer (PDA—1MPA) 1MPa Tokyo Sokki Kenkyujo Co.
Settlement CDP-100 100mm Tokyo Sokki Kenkyujo Co.
Strain (GESC) YFLA-5-5L - Tokyo Sokki Kenkyujo Co.
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Table 3. Experimental case conditions

Case Load condition Replacement ratio Type Purpose
1 4% SC 140 344 To evaluate the geogrid encasement effect of GESC
2 GESC ’ compared to under cyclic load

Cyclic Load

3 129% SC 143 244 To analyze characteristics of complex ground as the
4 GESC ’ replacement area ratio changes
5 Static Load 4% SC 145 2+6 To analyze characteristics of complex ground as the
6 atic -oa ? GESC ’ Load condition changes

EQE RHESkE Ajstell whE il AFEIA] AHke] F
sks S437] sl A Alstol] 100mme] LVDTE
A 2slg 1 EEAGo] HAlsHs 7 Zo|d HEYE
Hsks S48l Fig. 72k o] BExAR A #
Aol =2 o= glofrigtel mhz 37H9] strain gauges 4

A3t
3.4 Al I:g-l:l-l

WhEslEe] AES AR SN AP o
3ol whebA A|&55152 0.1, 0.25, 0.58) Z7[7HE9]
3152 Abgehiet] 2 ApolAe AANRS Fdst
312} oflu|ok A AfaslEo]dd 100kg®] 0.5u12] Sokg
S whEslZo] ZZE o2 Ao 100kg~ 150kge] BF
H352 31 A7 B2t A5} 51t Tafreshi and Dawson,
2012). ¥HES1E A5k HAEEo] AL 50mme}
100mm= #3} A|Ag o] whef 2jghe ot mhE =9t
At A o] 75 E44E 43l SCof GESCE H

Of

|

SotE HEAl XL202IE 24 A=

B Aol AAJetgle B9-5 vlalstel EEA R B
FEIE FrieRink b FAsEol M GESCE 7E
585 HlaLZAs] el A2k 4%2] 2204 A
= 3Tt Table 30A= & AWM ot
dedxs Hojsi glot

35 Agdn ¥ 0#

3.5.1 Rsl= Wz}

Fig. 1@ 3% 4%)4 A7) Zate] ue u
skeAl Aol Aelake: ek siek Alzio] A3t
o ujef Wsks Z7keka glos, SCe] 49w
ASHA] 7 AIRE Feke] RslFo] Smm HAYEEAAL GESC
o] 7% 4.32mm7} HAo] EHUSS A 4 ATk
183 150kgQ] R|&slEo] Zg Ao SCYU AS
6.27mm, GESC®] 72 5.72mm7} 2Hy3lgic}. o]2)3h
ANz = o A= A BAA] FEI | H]g]
HEES1E-2] - 13.6%, A|&5152] 45 8.77%2] st

e

11
N

£2| HItH= HS 4 115



Haant

Fig. 11(b)= A58 12%0]142) A7k
B35 AshAl ke Wsters

Settlement(mm)

Excess pore water pressure(kPa)

Excess pore water pressure(kPa)

)
==

o 4 glek

UERH L QlTt. SCe

85 & AR

GESCY| 7%

Zoto] ZsleFo] 4.671mm
4.

0l16mm7} Aol HS=

I?EHK

o=
ofr
-

Qo). AlE AT Xghg Z7lol wek SCo) A9 6.58%

—&@—— Cydlic load_GESC A ——@—— Cydlic load_GESC
—O—— Cydlic load_SC —O—— Cydlic load_SC
——A—— Static load_GESC
2 - —2A—— Static load_SC
—_
£
£
S’
A
=
D
£
D
=R
D
72}
6
8 '} I 1 I 1 I 1 8 1 I 1 I 1 I 1
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Elapsed time(sec) Elapsed time(sec)
(@) As=4% (b) As=12%
Fig. 11. Variation of settlement with elapsed time
40 490
- ~ -
=
2
@
3
@
@h
&
=
=
-
o
=
z
@
2 10 PY Cyaic log
—@— Cydicload_Down @ ‘ydic load_Down
—O—— Cydicload_Up 3 ——— Cydicload_Up
L ——A——  Static load_Down ﬁ 5 ——A——  Static load_Down
—A——  Static load_Up —A——— Staticload_Up
0‘ 1 I 1 I 1 I 1 0. 1 I 1 I 1 I 1
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Elapsed time(sec) Elapsed time(sec)
(@) SC (As=4%) (b) GESC (As=4%)
40 490
30— 30—

—@—— Cydic load_Down
—86—— Cydicload_Up

=@

116 e=AgtEste

1000 2000 3000
Elapsed time(sec)

(c) SC (As=12%)

4000

Excess pore water pressure(kPa)

—@—— Cydlicload_Down
—&&—— Cydicload_Up

=@

1000 2000 3000
Elapsed time(sec)

(d) GESC (As=12%)

Fig. 12. Variation of pore water pressure with elapsed time

=28 HM29d A=

4000



GESC2| 72 4.95%9] As}ztAamatE GESC7} SCo
Hlal Aalgta izl 2 Aow ekt ol Azt
2 E9j GESCE WHEaEa A|4si50] 2 447
SO Mge BEAGY dFYoR T4 YU
WE olAleh WahE Azl maks w3lsin X3
go| 27Kt Wt YAzt ang et o
Aoz W,

o riot

%I\

N

=]
Fig. 125 HER A} 5]5of| A& 74|04
A7 ate)] whE dJghSaeh Wl A
et e Qiok B2 A =
FUAREE SHE AR I whE Y491
B AR FAFSHA YAJSkaL glom vl A=

2500

B — @ — GESC_Gravel
—©— GESC Clay
— & SC_Gravel

2000 — —A— SC_Clay

1500 — !
o \./ */R\./ \./ %/.\‘ V \.

1000 H\ ﬁ N\ \/\f\ *\\/A
i \/ \‘/ \K/ N %\K/ i \)k

Stress Variation(kPa)

500

L
0 1000 2000 3000 4000
Elapsed time(sec)

(@) As=4%

N5 A5}A|7to]
Agaol 27 Qe
sl AfalAlzto] st
SEln 1| @ 1= Bk Re} 4
ol wste W] glelA
AJshAIRbe] W] W Aol

2 o
01‘2‘; (ilia
=

rlo

e odk
oz |0
o, fl

d

ridt
v
o°
KD
Ay e

fu e
i)
o
r\l

fr

g o=

—_—

32

=)
WG
4y

ot o nZ & o
N
s 82
In
po
[o
o]
,

£
Emlor

ol FII'U >.i
g o
00 HU o
L
4l
g

r
i)
o2
J,

N
N
t
A "
o
s
2 B
-
ot

.
o,
&

353 S=jactn) W)
Fig. 1337} 142 GESC} SC] 2|38 4%} 12%0] A
o] A7t w2 S Wsle}l 3 HTu|E e
31 Qe S ETH= A5ElE| tis) 4750 A
EAHEe] Z7tEo) A Wt S8 o] HjRA AThg
o] 7S Whal, SRy} F42 BN XX

2500

r — @ GESC_Gravel
—6— GESC_Clay
2000 —A— SC_Gravel

1500

1000

Stress Variation(kPa)

500 HR

0 1000 2000 3000 4000
Elapsed time(sec)

(b) As=12%

Fig. 13. Variation of stress with elapsed time

12

—@— Cydicload_GESC
—O—— Cydicload_SC

Stress Concentration Ratio

0. 1 l 1 l 1 l 1
0 1000 2000 3000 4000

Elapsed time(sec)

(@) As=4%

12

—@— Cydicload_GESC
——— Cydicload_SC

Stress Concentration Ratio

0 1000 2000 3000 4000
Elapsed time(sec)

(b) As=12%

Fig. 14. Variation of stress concentration ratio with elapsed time

2515 MBA| NQI2IC 24 ATl Y2 HS SH 117



Table 4. Variation of stress with replacement ratio

As=4% As=12%
Column Clay Column Clay
SC 700~1100 kPa 140~200 kPa 600~1000 kPa 300~500 kPa
GESC 1200~1400 kPa 160~180 kPa 900~1100 kPa 300~500 kPa
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Fig. 15. Comparison between experimental and theoretical results

Table 5. Experimental and theoretical results (Stress concentration

ratio)
Stress concentration ratio
As=4% As=12%
SC GESC SC GESC
Experimental 5.53 8.1 3.07 4.80
Analytical 3.53 3.56 3.50 3.52

= Yehi L Qleh. BEEAR] BAkzlels 7189 dF
oA A} BAL 3] buldgingd} 3] 7} WHAYEH= o
o] WHE A B HE 40D Zo|vhE H7FS 319 tHLee
et al,, 2006). AFANZ E3| 238 4%0] Ao EE
o] 2 OJXOP HEL 0.138%2 7H Ho] 71
Q1 217 8] oF 2D ZloloflA] WSl on #47]52
R shdk FEolA 7g o] 2HA Uebdth
Fig. 16(b)t= 2|3H&0] 12%2] GESCS] JIgHFES 1}
BRI Qledl, EEARO Ho IgHPEES 0.132%
AR RO AddREel A7) oF 1.2D ZojoflA
At om 7R Ho] slchEol| A W3o] 71 ZHA| U
epyte}. o]#]dt ZHaFS GESCO| ek Wdo] 7P =
Al HAYEHE 49l AR REE F 1.5D~2.0Dof| A %



02
+ Cydlic load_Top
016 —O—— Cydlic load_Middle
- —&——  Cydic load_Bottom
—_~
012 |-
e
=
=~
£ -
=
£
W 0.08
0.04
| ! | ! ] 1

0 1000 2000 3000 4000
Elapsed time(sec)

(a) As=3%
0.2
i + Cyclic load_Top
016 —)——  Cydlic load_Middle
- ——4&——  Cydic load Bottom
7o 012
S
e
=
z
R
7 008
0.04 [
1 | 1 ] 1 | 1

0 1000 2000 3000 4000
FElapsed time(sec)

(b) As=12%

Fig. 16. Variation of hoop strain with elapsed time

1.6
—@—— Experimental
B —&——  Analytical
1.2
- B
<
£ 08
=
=
m -
04—
o —— @
0 1 I 1 I 1 I 1
0 4 8 12
Replacement Area(%)

Fig. 17. Comparison between experimental and theoretical results

Table 6. Experimental and theoretical results (Geogrid strain)

Geogrid strain (%)

As=4% As=12%
Experimental 0.091 0.109
Analytical 1.098 0.506
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