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SYNOPSIS : In this paper, it is demonstrated that the shear strength of soil around jet grouting pile
may be increased with the elapsed curing time of grouting cement. Because soil around pile initially
experiences the disturbance due to the jet grouting work process, the soil gains the strength as
grouting cement is cured and the soil is stabilized. In addition, excavation behaviour of marine clay
at the strut excavation site is analyzed using measured data from inclinometers, load cells, and
strain gauges. The time to install supporting system and the spatial distribution of excavation area
are very important factors for understanding excavation behaviour of soft marine clay.

Key words : jet grouting pile, curing time, excavation behaviour, soft marine clay, sheet pile wall

1. M 8

B m=gdME daigre Agd siHAE ARt 593mx315m WA AEE 73] Hstd
105m7h A #3ske ete] HAHE Ao FRAATE B, Fx=9 dFlxs A9d AED
gh$8 HE oE F¥ xute] A% Fad didd n@smA drf FHoEZ A AL AR
718 BAE7] fstd F 46009 AEISLE THE SHAA ASHAHA A Feilen, 24
A8 NMNEERFTZES ANERYN 23, a3 FAE o&3iqd. £ 7= MEIFTH
BE AlFoR e SYEANY Fr W3 5A4& goetr] Hste MEIDSHE w5 A
of wel dF ANPS HAAsion, SAAA e EFHAY A9 R AHA = §Ho WG
g #Asy] std A, 54, vEEA T8 dAso AS5E dASAH

P

-
¢

2. X =AM

x| uke] Fgwel ol daH] R AaAeA, en JYRdEE O 13 2o oM A
AP HAEAS G2A 77 A8 MPdEFO)R, 3~17TmE MPYPEANCE o]Foj gin

- 241 -



ECLE ¥FH%ow, 90 vusddd e 16~-35/m’8 Aold wat Frsts 4% 8%
=3
0 . -1
2 ~&= Plastic Limit Reclaimed Layer
~0~ Liquid Limit
4+ —* Water Content e b
A——0 e o
6+ .
A—————10 e [ ]
=~ 8% ®
é & a ] . ®
g 104 L Marine Clay
o A——D [ J
Q 12_" )
hG———0 o [ ]
14-['
161
IBT [II] Sand, Gravel
Weathered Rock
0 f A ! Pt
2 0 10 20 30 40 500 10 20 30 40
Water Content, Atterburg Limit (%) Shear Strength, Cu(kPa)
23 1L QAR AAFSH, AP A, 27] NS ABFE
3. HEZIE E50 o8t FHx|vie| Z2EFIt &3
ZHOR A% HAAS §71% PAHD, TEEY AVsIzT $887) Astd Im AP AR
B8 BHo] WFE WA 40m’F A ATHJAHARE oF 200%). AE 129 vg%% JEW 3
GEAHFYYE  200kg/em?) FA-L o] gata] Autd ANES THLEFEE §4 5 A=, Miura(1997)
= olyg EFEEY AFoz Aste FHAINY Fxrt Aztd] wet WE-g wE v gloh ol

BTl S
o] AlZtel]l W2 F¥ Aute] BE WE 8L g& o] usixiz okd £ U
1) BEAFAZA = FHARe] wdHe] ZFE7l ZAs st Azke] A uel FEIEHA
(thixotropy) 2.2 X4t FE=2 3B AL},
2) 4= AFEF ngEA 93 43 (hydraulic fracturing) @402 FHE I uld] FYgo] LAIE
, 1 TEE FFg &qke] ExEH
3) DFEALR Q& B TEE AWE QA AR FHANte AR gE FUAIZT
|RES] 3 4 &S b3 o) F¥ gt Fio] FFHa Filde] A e gL =
R 4=
Wl B = dME AEaES"H ALE AMES FAYe wE Fxvte) Aty fFds
71 fldtel AEISS-E BE Atole] TNdAN AlFAPO)F AEF 104 (P, 208 (P2)o] A #HT Al
Aol fxg AFS AAIeH, ATHANT AFF 108 (AD), 204(A2), 504 (A3) AJ- A
ANgs AR 2). JFF Ageziy dL& FAANe 2 g (q)d Wee 1Y 33 ¢
3, ANAAY Fis o] &3 FHAvte] & M 3H](Shear Strength Ratio, SSR)T= 11 49 2t
A7loA AR E AlFH AR Aoz gt AlFE FHANe) Ad7tEe dHE ong
th 19 3% a9 427 E AE2ESSE T5E AT e FEATY n@ow st Furt

=
> 2
N

b7t RrastthHPL, Al A2), AzFel Aabgel meh TN FEIRAYNE FYRHE A 7Y
2 F5ge) adte] sl Busk AAMHCE Frshe A9S RATPL, A, 53] P2l & A
ek Wolol wit pHoz 2 e Rolt FFE BAEd, ot FM Miurast AHF 1A}

2 ¢ FARE ARE P AFse] Fu Aule] ¥EHow AHHYY) WEOZ BuA. v
ANAZ 29 49 AANANY ARAAAE FaA o] A5Y m qAre) st @ FEHQ
A 2 ARS 5 AU

~ 242 -



Jet Grouting Pile

155 cm .
>

I9 2. AEIE TR dAdd e BEWE SH A
07— 0 ;
5 FReclaimed Layer Original Shear Strength Line
-. 24
4
— PQ (Initial) 4t
6 ~ P1(10 days)
P2 (20 days) T
& | 2 67 o
el = -
5 = o )r,
g ] 81t =
o
107 .-"\-'4 N —
O A1(10 days)
127 -®- A2(20 days)
~&~ A3(50 days) |
14 +— T T 4
1 2 3 4 5 6 0 1 2 3 4
Cone Resistance, qo (MPa) Shear Strength Ratio(Post/Pre)

a8 3 AL wE F Aggklad a9 4 AL wE Anke] ol A shu|(SSR)
4. Z2HHE BN

2 AN ek FAAAA 2R FHAF EHE AT A5V AAAAE 29 59 2oh B
TE fFoAlel wiwel FAAE 3%d dAsglen, 2B FHWEE FH5] st
3A A9 1, 2vk 2EZ sFA} WHEAE AU dwbHo e FAAEL FAAN T
A @ afe] AAA, 2ea AT BZ}%XJJ Fd T AdAA dFE 2=

E Autd M E sk fAWEgrt 2a, 2399 g4 RgE AFE Bols Row B
o]t} (Finno, 1989; Mana et al, 1981). uk&}t 1 B oA pol e Ao 22 U B HdAA3
nelshe] Aue] ZAAES BASAAY 18 6t FANHeZRE 129 Ade AH, 19 60
279 A AlHe el AAAN FAAAES A Aol 29 7L BHIA A JDH(A-A &
o] AP FAGWES FHstd Ao Aoty 1Y 7 X9 A= AP o2THY AHa
& WAS ez zrldE Fxe WARAE FHAR GRE FYEE AN P A& ¢ 5
o, Fazlols FdRANA 7omE M A, HAF 50mE M &

5]
=
ol

}:)
o ot w

FE =
(o r}'_, o i mo Ly

;O

— 243 -



B A

/ NL_
|
| —
l—
[
@
g —
4 |
<32 BHI
[P 59.3.m —— oy
9 Inclinometer @ Piezometer [ J Supporting H-Pile
2 Load Cell ® Strain Guage

a9 5 RAAN LYY Ae 2 AZY] 2A dA=

QO 2 4 6 81012141618202224 26

EAEAPAPY

X %
2 5

: ot o 22
6 8 101214 16 182022 24 2§28 30 32 34 36 38 40 42 44 46 4850 52 54 56 58
BH1

a9 6a) BHAAZT 12949 F3 AU

57 R e

24 2§ 28 30 32 34 36 38 40 42
BH1

29 6(h) FERAIAE 27959 23 A%

Distance from sheet pile wall near BH1 area (m)

[N & 7 8 9 10 11 12 13 14 15 16 19 20 21 22 23 24 15 26 27 7829 30 31

Inclinometer (BH1)

fei=t

i The Numbers in this Figure are the elapsed time in days ts
; Lafter the excavation started at the ground surface. "

Iy 7. BHIA A AdA(1y 59 A-A" 9R)dolMe =xddd &

18

- 244

ZF

T
1



BHIYM e 2% 8 2 ARA Mo o ¥Ao +3udeE 19 87 2ey, 974 9& +

= Fad nae oed o

D 23 o7t Qold+E WAL Ao £FANYY AAE oA o Fe: ATL na 2 &

239 Ho +BUAE Qo] 6m AHAA 76emh ARG olwe WA AW} HF TRl

SmAX T, FYEAMNY FHYls T5melA WA Au) FHASASL WA HFEFRY nop P
q

Fol A 2AF Aol

2) 1 2ES 4x XAAH(15m HoDoMe W7t F&d= a3 Bov 20 2EQ AH(40m
dopoll M= ¥ 7#EHEA7 A9 YA o= 28 2EZE AAF7] A oln] FHAWAAN 44
THWEAIE BAS] FFE Adto] FEAHo2 G EEEr] wiold wekM 2Eg ]
W FEEHRE AdE THE] A s AT AV 2ERE HAstE Aol T3

3) 19 79 A-A' QRN 12949 7MY SHFEL WU RS E eTEa, olde 3
99 Fele 2EAHA zo]F Hola Jed, ol 2¥ 694 EXo] BHI <A Fxddd A
BA AA el 12dA9 274 A M2 td&z7] fEelt. F, BHI FZoA 9 HHAA E3o] I
gl whet BH1 Ao digh FHAQ FE£EH7 FAs] HA S sFU7 S oed, 19 2E
W A2 Adstd GFAA e FHARI FEHJYT] BEI ASAHAM G W= 32k F oA
o] 2R AFeAl g8 dFE P

Horizontal Displacement (cm)
o 12 3 4 s 6 7 8

W 3 A A W N = O

(w) ydag

77 Exc. level
at center line

14480 s " 4O 9days @ 42 days
15 O+ 12 days —4— 50 days
1688 # -~ 27 days -®- 73 days

a9 8 BHISIN Y #A 9 $3489

a2y 9% 19, 29 2E# 9 ol(1.5m, dm)olM e Aztel] wh& wAe) £y U (BHL A4t 2EY
of dele 8 LAF Aotk 15m ol FHWAE 1d AES HAF F&EH AT F
Z7telal @& Wy, 2B HeEs £8E A-A’ 9@H9 54 FIHHA 2
F48 F7ete 4TS 29vh 8, dm HoldlM o FHE = 289, 43, 47

2oz 244dd £Yasl] GEelth o dAste] 28 ZEJH Hele Fde A% 2
A e Wale $RRAgE FHAIA etk ode Faky wo}, A £HWY AT 2
AT 4w, AR AANY) Sol wel 4Fe Aolg B F e & & vk wekM, A¥Y 2
3o P Azxue] BAE AT AAN FREU d@ A ezt Baste, Al
SHu e Aos odasy] AAE ARAE JAF 953 A o) Fasjh

—245-



5-+ E: Excavation
S : Strut d d

54 E : Excavation
S : Strut

Horizontal Displacement (cm)
Horizontal Displacement (cm)
w

E : Excavation
S Strut

E : Excavation
S : Strut

Axial Force (ton)
=N
(=)

e Py 52 B6.5 .
Elam

Axial Force (ton)
£
o
i

o— YA, L OJ e
0 10 20 30 40 50 60 70 80 0 10 20 30 40 S0 60 70 80
Elapsed Time (days) Elapsed Time (days)
(a) 15m Zoldlxe) +3ue) L ~E] £ (b) 40m ZoldlHe] B % 29 59
29 9. 1om(le £2EZ) 40mQY ~ER) ol A7ty wa FHuel ~Eg e ¥

5d &

D AEIRSYEE Aoz A Fu AW ZE W5 AT 27l Aute] L@oE s
Auke) Bt ANH O STl Aol HRHL AMES] Gl AWHUAN Fu Huie)
A ARHOR FAS: AFe Bk

2) FHOET Qe WAL FRUAL HA AAe] Bl B opt 4 WA T TR

©
)
-0

0
J?ﬁ
ro
Wl
JE
ofh
oy
2
4
X

i

= 23 =
AP Bk By A AR 4R BHD YA 27

3) w_xm *éxvlﬂoﬂ uhgl WA B ADT ZolE Holn A M7t olH
& Fole 2EZY ¥y 7H5EAAE 7IdT & doh

6. s

1) Finno, J. et al.(1989), "Observed performance of a deep excavation in clay”, ASCE, J. Geotech
Eng., Vol. 115, pp.1045~1064

2) Mana, Al and Clough, RW.(1981), "Prediction of movements for braced cuts in clay”, ASCE,
J. SMFE, pp.759~777

3) Miura, N.(1997), "Strength changes of surrounding clay due to soil-cement column installation”,
S Ajubgsts) /1 stedws =FF, pp19~34

4) Terzaghi, K. and Peck, R.B.(1948), Soil Mechanics in Engineering Practice, John Wiley &
Sons, New York

— 246 —



