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ABSTRACT

In case of underground construction affected by groundwater, CIP (Cast-In-Place Pile) method is generally used to resolve the
geo-hydraulic problem. However, as this method has poor connectivity between piles, an auxiliary method for cut-off is needed in many
cases. In this study, a new concept earth retaining wall method (H-CIP) with no auxiliary method, by using surfactant grout (Hi-FA)
which improves antiwashout and infiltration ability, is introduced, and its field applicability is evaluated. CIP and H-CIP piles were
installed with same ground conditions, and field and laboratory tests were conducted to verify the performance. As results, newly
contrived H-CIP method shows higher field performance for cut-off and strength than conventional CIP method.
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AREGAA TeReES B8

LME
TaRo AR FEES ke A 5 BEARES
FEHow EEsp] Sfsl TE] IR 52 JAVE Askeit

o] AXJ€tt o]2gt Aslerke niwdelr| f1g 271l B
£ &3 Aderte] grEoltt ojdf, Febolg BlAle] o3t T
Aol AEE/dol thek gkt ofsli7t B asitiLee, 2009). #Jef
FA7F EABRE A G0 SRARE AAIRE 7, HaplE gk
A&y g whitel TR Fstete] BV wAE 2
= 74971 WISIKOu et al,, 1993; Hong et al., 2012). wlzhr]
EASH SAFARE SEiAE ESt tigk aee EE Ask
ARRE 918 AR Aol wEA Basl

A FATH, WIBF)EH, 2 5o=

T 5 glor], B9 Y3l ke sl HgE 24 olF
Aol $A 23 Aok

vk, TEakio} o] ddo] W
S 7} oPdElE 1E Bl ek
T2 AlYs}al 9Ii(Na et al, 2011). =4J%)2] thy AJs}+
A Bl o A sdsh] 93 A9l
W 2 FHA Futo] Bx] Fgo] F=2 AMEIL glti(Jang
et al,, 2012). FHZ Z=AS}e] wE =ARU o] S,
Fato] HAle] FoA wek ZUskaL ITHNEMA, 2013).
Futo] wjx] THE Bk AREEPA 1) JALE(H-Pile) +
E5F, 2) Soil Cement Wall (SCW), 3) a5 (sheet pile),
18]l 4) Cast-In-Place Pile (CIP) 3% 5o] gith o] THEL
Fgolelat BAVES o= Auimo e el 5 gk YA
B3 EFe] A9 B3 2R thete] 28-4do] v,
o) B ol AEAE el ol SCW Fel
785 o] FEsle] Al 38 Aol ik B3RS Stk
ZHERS do] ot AEAMXE ElYjo] ofgal
o] @WolZItHOh, 1999).
A 7Fsst Ato] tekshal, SRS A4, AAe/
Ae T4 B9 7Fzlet e} giilzeixe]
a7Fe] AlFH], W s STl ¥4
Ack B3k WEE iEAe] A4 et Aslre] HEs
§ F7HAQ] 2ol HastiOh, 1999).
fre FEH0R 3 A9, Hrh 2 S S BT
ANEAY TN, AE N 5] g7k Basith CIP
AFEA 7P BEZAQ BEAEEEe Ul U Alo)¢]
AR v Bz 18RS IR ARFshs Aolok Aurt
Ago|ng AlFo] golshH AAA oI, Asd HE ol
opelle] o]gk 9-J7} =Tk Kong et al., 2010). CIP 2 &
=

Z=

o)
e

NooT

[SIe= k=1

FHo vt 9 4BIAS Asle] d&How
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| HHEHCIP)S] dF AL FHut

B2 IS FF5hk= Excellent Joint Pile (EJ-Pile) 3Ho] it
(Choi and Yoon, 2007). =3} FANEE /fH3F THORE
olagdo)E oFN(Acrylic Resin Chemical; ARC) F+¢] 3+
g Yo B8 JIR|= HlEL | ES ARRER= Soil-Bentonite
Mixture (SBM) 3 5o tl(Construction New Technology
402; Katsumi et al., 2008). 121} BREIRFHS AA] & H$-
F7HR1 Hlgo] WA¥siH, SRR Aol e 3l v
Aol waAle) Shvh Basieh e BalAlel L ol
F5j] A45g PPAIR SHe A9, ok CIP 33

[¢)
2o BAA Fojo] Fo) vle) e H8o] o]FoAA
5

=o] 3},

-
=
eaL
B
=

%0
o

Ao FERRE P WS PPIATE AR
AAHIFA) TRRES AMgte] 71E CIP 8] A3ahge
ot B ) Bage Assld Az de)
Flo] BUH-CIPYS AISA} ek HCIP 3] 84 4%
ARE 9151 AT A sl H-CIP FH) 7
CIP FHo2 242} A5le Sle A
5 AR Sk

=] -7]=2%0
AlEslkaL, Aeass

2. 40liE S9101 SE(H-CIP)

2.1 Hi-FA 12[RE

AAl Hzo] PmEE FEEReAlE 1974d SolM dAE=
2A19] a8 cellulose-based polymer) HE|Z 7|E=] S, o]
ARFo] FAIA] AREHAL ok AR TR Al =
gk gal/do] wox]7] wiiZel] Rk ARto] FEEE Hw|Eel
T2 At e agk AR g e AMIE B
8 AHE Y A s PR R 7HAAL itk
B3 o] Al FAdE FoUAINE f-5/d0] ol 2dAdel] Tk
TS It Khayat, 1995). Adghdale] 4521 frastaiet
7| A3 f8de B9 v o rEER e e HolR
A 588 AYAL ok e oS oAl aQl ARRe]
FAZ el ofd & Qlo] AREHAL Sl AAelth

ol AIE A A<, A= e, B3l At f-E55kA<]
HE AL T TARE Ask] Hste] 1988\ URofA]
AL IAE 85t A77F as] XY= AT 2002134243,
20040l A A2 198 AHEIAA AlFo] = ATH
(Song, 2013). o] AlHEIAA] AlF-L B3} AdgtdAle] vjojdl
(micelle)oleh= Wi 72AIR 7d¥h= A RLE2Kpseudo-polymer)
7} g5 frEAe) ARk 54 A1) LERIE, Sl
20103} Non-Newtonian £/3< 7FA&= 1943 AlHE3A41A]
JNE ESPAHIFA)L H22 e

o



Hi-FA

Micelle

Monolayer

(@) Normal Cement Grout

(b) Adding Process of Hi-FA Micelle

Monolayer

(c) Grout with Hi-FA Admixture

Fig. 1. Effect of Hi-FA Admixture (Somasundaran, 2006)

Table 1. Engineering Properties of Hi-FA Grout (W/C 50%, HI-FA 3%)

Hi-FA | KCI Standard
Property Note
mortar mortar
Gs (Hi-FA) 0.95~1.05 N/A
Self-leveling (cm/min) * | 21~23 N/A JSCE-D104
pH 9~10 Less 12.0
Suspension amount (mg/L)| Less 50 Less 150 | KCI-AD102
Bleeding (%) 0.03 Less 0.1
) 7 days 89 ~115 More 60
(*/:) KSL 5105
28 days 93 ~115 More 70

*spread rate of the grout in fresh water
wx UCScuring under water

UCScuring dt air (UCS: Uniaxial Compressive Strength)

(¢

N =EHe]A2] Hi-FA (High Performance & Multi-
Functional Agent) £3M= 2ef-EQFFERE LA, FHAA
A, JFEA, AR 52 WINAT ©] Hi-FA EsA|E
JEleEe} &35 A Hi-FA J8l9-Esfar $kj(Somasundaran,
2006; Fig. 1). FeEeo = Q] FFollx 12k e-ETt
sXE)2] BT FafEE(ex. Cr' 1.5mg/L 0]3he] 88 o]
A<} gle] Afeierol disle] 118Hd]elck: Table 19 Hi-FA Z12}9-E
o)) th3k 52 Aae VERIQIKISCE-DIM, 1990; KCI-AD102,
2009; KS L 5105, 2007, Moon, 1997). Table 1o]x & 4=
=o| Hi-FA ZE}9-EE g7 FAA] digh g8k A2S
T BN oflgl AT SHAA 7 s AL

1t

2.2 CIP &1} H-CIP 2H

2H2] B&7|(rotary boring) H== @ 7(auger) 55 o83}
ARkS et § BRI HE(HPile)s e (H 0w Akl
I, K] gl HEES Alkieh F SRIES eldsle] el
WS AJFEI) o]F 9530 2 A1Fsle] EFEAIE FAdee
o] CIP &ro]tf(Kim, 2008). o]w CIP &% AF&A] &% &
Alole] QiR = T s do] QA = A dse] Hash
7%, v HExl1e e BS Wel AlEeh Eltk(Prezzi and
Basu, 2005; Table 2(a)). CIP FHol| &J31 WEso] 2]7o] 400
mm% B¢ F= 27 100 mme] B2 AR Oh,
1999). 12} o] HEA1eleEe CIP 3o o3k Seldas
9 e R ERdEE R EAAR] AeS 7|diskr] ofgHrk

ol ¥ksle] H-CIP FH-& AHESAAA 1elke-e E3H4¢
Hi-FAE 93 12}9-ES AME3lo] 7] CIP 319 Aka3F
of tieh ZEAR1 sAS AR 5 e A= 7o) oIk
H-CIP 392 T5EReA7 35do] 3w AW~ 1=t
SEE Ao 2 UE) W5 ALo] JAR g 1EeE
FHUES =Y < Qo] 7IE CIP oM ARl Hxxlie)
G RS Hast e Slvk S 71 AP Rl of3k e
w5} Hi-FA Z2k-E2 A3 H-CIP U558 n3} Algto s
A B9 E kel AFgle] ke 2 s A|A9
AEA S S A8 4= Qi (Table 2(b)). H-CIP e 7]& CIP
FTHe] WS B  deol® Bkl @A =8kt
FE3aL s 5] AR o] FolAA] kot Al AgelA
AUZ SE=R] K3l Y= AAelc) wepr £ =2olA H-CIP
IHe] % HeAds ERIsE A} Sk
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AU AAA D-ES ZE7 FHpeo] HAIZH(CIP) e F A8/ H7t
Table 2. Comparison of Construction Process on CIP and H-CIP Method (Prezzi and Basu, 2005)
(a) CIP method & Auxiliary cut-off grout (b) H-CIP method
A N
. "
: o
Scheme 2 § S}o
=
&
- Bore Casing - Pour mortar - Finish construction |- After CIP by bi-pile|- Inject Hi-FA grout |- Inject Hi-FA grout
- Insert bar - Pull out casing - Implement - Bore Casing by Ist pipe by 2nd pipe
Process - Pour aggregate auxiliary cut-off |- Insert bar - Pull out Ist pipe |- Pull out 2nd pipe
grout - Insert two pipes |- Pull out casing
- Pour aggregate
Auxiliary cut-off grout cIP
cIP H-CIP

Nakdong

‘:r Riv. ‘.\

Fig. 2. Field Location (Dotted Circle)

A ARERALS it AR weie s 3
HIJTHKS F 2322, 2010). EL. 0~1.0 m= A|5A] 7lo]= Alo]A)
(guide casing)o] x| whe} AHE/gx] Aol Ak Qlt
28k} A7HS Table 390 A2kt

B FAES EL. -1.0~-2.5 mollX] SPT NX|(E}Z 3157383 do]
(cm); oJet &) 11/30~25/302] viHI(HEZD el 28]
AZHRE, 91914 JEAHo|t) EL. -2.5~-6.0 m= Nx| 9/30
~25/30¢] RefHT 2He R 22, sPdEHF)oltk EL.
-6.0 m 3= N7‘<] 17/30~25/302] RelAjz(Z 2He] 2
2 o] AR 2E, PFEHAS) R SRIFn

o | |12
3. A3 A8 =LA EL 5.0 m7F) LISES3 emisec ~ 5.19E4 emisec
2 Refo} AE Alole] ghe BT ek vehyr] ARtk
Hf X . _ .
3.1 XIEE ZA £ EL 50 m ol T4 ug- oh @rAIEe
s izl Al=2Lo JE|Z =) \oks] } o
\_Xo }\1 ]o ]']\ E]‘?"(»’—W]’é )O] = E\} "1%7 ];1(3 E/\ ] ].;g-?;_} _/_‘r: c})iq_ Z]‘B‘]"‘OJ% EL. -3.1 moﬂ %;—(]-3]_15
=] =3
AR 785 kA YUK Fig. 2). AMFEAE FrBYA Aow g_qg otk
%(Standard Penetration Test; SPT), AAFFAS 5= 53]
Table 3. Engineering Properties of Tested Ground
Depth G Passing #4 | Passing #200 USCS Atterberg k SPTN Typical Water level
(-m) ! (%) (%) limit (cm/sec) (blow/30) layer (-m)
1~2 2.68 89.1 16.5 SM N.P 1.17E-3 18 ~25
Y Landfill
: 5.49E-4 11~18
25~3 - - - - -
3~4 2.67 723 16.2 SM N.P 1.15E-3 10~11 Sand 3.1
an .
4~5 - - - - - 5.19E-4 9~10
5~6 - - - - - 9~25
6~7 2.67 49.1 8.9 GW-GM N.P Leakage 17~25
Sand-Gravel
7~8 - - - - - 17~25

78

Journal of the Korean Society of Civil Engineers



ueb] FEAG B NAR geeiols v dike o s vigs,
A3, RerbdSe s Y TPE U AR Ao s

sk
ek = Ik AREEAF A3t wpe} vkt A5l thigt
’FSHTE Slete] RIS H3F 2lo)E 8.0 m(MiRHS-=

SRS = ARk

32 25 HiX| ¥ ds EE A

71& CIP 3ol oJgk T4 Fatole] 2453} Hi-FA 184§
Eof 93t H-CIP 33| 259] Ajo]& vlaitAlay] $late]
That 2o AEAIES FHEFlti(Fig. 3). Case 1) U¥HQl
CIP 58 27 408 mm= AAIE S5 AloVd 217428 mm)C.
2 sl R FR Fhe] wAEH dnk ulEha wE) s
APl 10 mmE FHATE Bhe H$S Case 12 313k Case 2)
WS AREA] ARSSRE Alo)de] 2791 428 mmE BHHALE Sh=
739 Case 22 Aslrk Case 3) CIP 331 A8 Sdepduss
9] 4 &893k wEEo]e] 1/50 ¥k, TEE 50 mm H|Rko 2
ETHKSCE, 2004). webr 318-0218 2o 2 50 mm¥ 7Fgst
of e} W ALo]2 100 mm o] Ao AFEhs 7392 Case
30 Atk A AR F 2#2S S3lo] A5k Agss
ke 2 BRIsk] flste] leie] A=A AAIsII oM, Fig.
33} o) g wiRAIERS: e Fig 30 A 3 FulrdAl
S AAE 9% BH O0~0% 37 JeRiich

% 50F F 25%L2 & I olFse] 13 AIFE v,
R] 253 (H-CIP 35o] 23 10 3£3Hol tfsle] 23} A&
ZePslGicE AlEgha o)F ujHEEks Aajsle] Sk o)
T Feljoh PSS wEsislon, H-CIP 257 1 -5 Qlisto]
T2 RS SAACE FHARE E SRiAEY o3,

o] Zoo] tfste] A AJste] S0l Ak Fr]

O : CIP method
O : H-CIP method

Case 3
(overlapped)

— Pull-out

- ——

t————— ~— -

Fig. 3. Plane View of Design

S Ttk 2EjaL s AlFEel A ES Ak
55 H7)EiciHoulsby, 1976; Quinones-Roza, 2010).

4. N8 2

4.1 72 =l "ot

CIP 37} H-CIP ol 2J3t Sepd szt 7234 2jo]
£ A=3P) glste] mjEEEs A ASe wjEEEs
B3lo] =eid mRbdel As SABIom, 3 A5 Aek
9]2 9l8le] EL. -4.5 m7Hx| =439k

71E2] CIP 3o X33k W= Algite] dido] 47
FEERIFig. 4). H-CIP FHo 2 2133l e U3 9)2]¢]
CIP 3o 2 AJFst T 1074 F 374004 A82e] &4
T PEEO R A5 30% o o] WAk o] e
WE Aol s veREd), AlsEeR Qg By
(bleeding) &3}o] 23] kel o g ek vhd H-CIP
IO 7 AFs UM g i) WA Ygkon
Hi-FA J2}9-E9] F5Eiede] Z4s] Uale 2102 ekt

Fig. 5(a)= AR U] A4A]E Hofett o]4A1E
3} Case 3¢ ¢ CIP ¥&3 H-CIP @5 5% Fajsl 72
) e HolFA| E3ck Z4H 15 3¢ F CIP 5] A$-
2 oM, H-CIP 552 74$- 5 ol AR o] 2 2)40]
Z=om, o] ShfjE o] AAREL oF 4.5%¢0 B3t
1 gIE BRI ofEfsit) utiAlEek Case 29| 79~ CIP
o] 749- 2 3o, H-CIP U55e] 797 Fojlx] AR EHT

Fig. 4. Separated Materials on CIP Method
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WA ZH(CIP)] &4 A8A FHu}

Exposed pile diameter (cm) pile diameter (cm)

30 40 50 0 50 100

A CIP P
= HCIP -
— .~ Trend line (CIP) i \
L= -Trend line (HCIP) | AgALEGA Desian

AU AAA 1H-ES L8] FHol
Exposed pile diameter (cm) 2
30 35 40 45 50 55
mH-CIP Be covered €| =3 Covered & Expended
ACIP A A oA A A
|| | ] "N ] Case1
| | | | | |
Design 900
diameter ’g
AA AN, A =t
; FEE Case 2 ‘%
oo S
A A
g - é 2 } Case 3
H | | [ ] d«

(a) Comparison on Cases

diameter

N o e A N =2 o

(b) Comparison on Depth (c) Pulled out Pile

Fig. 5. Visual Examinations on Tested Piles

& 2o SHEAE FiE k& AR <F 8.5%=A] Case
39| Hjsle] Y A RYrk HHAREE Case 1943 CIP
WE 5 3 HCIP 25 10 Folp] AR 2 240) 4=

o e Axs AARAEY A o 21%2A U8 H-CIP

WERof A= FElgh 7 S HoFQle) webs] 3

W] QIS HiFA T2k-E0] 3% ddo] Brt et

o] 72 s e AR drkdr
Uiie] AlE7HA 2% Avtel|A] H-CIP @EEe] 27e] CIP

o] ARt SEIE-S ERIEKICE o] A= Al AlEet

& ddo] UMk Fig. 5(b)y= dolol uke 2 25| 27

SXE HofErk HCIP E52 52 U2ldrE 27 Sl

ofsfl A 2ol soluls AR BRItk ey CIP E5e

BIEE YelZd4E Aeie, = H-CIP 259 27 shjjd

o) TwHA AA o) Zo]\:l: = Rk
o#fst TS Ale AREE 2jodla] whlsh= Ao 2

A
s

1:‘10]1: “o

=t} Fig. 60l 2 4= Ql5o] s Ao vhe glao g
olg] FYA 7"”?1 AMAA I2R-EV) FH RHko g2 A EE)X]

ol AR BRIk ol I8l U el 72 o)
 Hiah overburden oreseure
High overburden pressure =L
R \
l l l l l l Il \ Upper part of pile
1 ‘—l
\ 1
\ 7
N ~L L~ 4 Overflow occurs
“\1{' 18 ST
(&) =1
00 4
Diameter is expended =k c% - >a
P /, - \\ (%) OQ h .g E
\ QA BE
1 \ > g L] K
Lower part of pile ‘\ I' °

Fig. 6. Mechanism of Hi-FA Infiltration Varying Depth

80

Journal of the Korean Society of Civil Engineers

LoupA] & vt
doTl= Ao Ak

FTEGOR Q3] TPES WAL Y

ofje} 2eld WA el Bades
HtkFig. 4). ¥H, 05 PN e 2
Fo g uk Eo0] FFHH R]Hbe|

3O BH
weE U
kel

57} 7Fs3lth Fig. 5(b)ollx] ERIstA%e] A=rt Zojzle
wa} 12 o] Zrksha H-CIP 3L e Awda
TS AHEAAY] 715e] 33 d Zs 458 F Ak

z—LOMl fd%} T2 7t °‘°M~‘5 s HE

DKF ig 3, Fig. 5(0)). A4 ?11-:'1‘01] -4'5H
2 SO RN B} 53 7 §]"3Hop_ SReletarat skt
(Fig. 5(c)). = A3}, EL. 0~5 me] 27L& 43~49.5 cm=E A7
ZPHZHoIA 22~8.7 em (5-21%) 715 =ik EL. 6~7 mojlxd

785 cm, 62.5 cm& 21.7~37.7 cm (53~92%)2] = :r‘:Lf“fEHE
Bk o)A Fig. 5(a)e] A3ata vaLste] T a5 <3|
) el lefel FE S Al 7 ek

& 99 1ol 218 ol S0 oy Aol 2
215 22 eilo] gk o2 Holn), ez

o] Hi-FA Z12}9-E9] HTA Wale] F83F g nHl Zlog
Fhekelh

wfeba] & ARl AHEAIA 2Rk Ee AlE Alwet oV
A5 5 el 3l el & FFe LS Aow At
fl: M‘j’.
42 s Lot

CIP 37} H-CIPE o ofgt AFePIUERT A5 RS

Sfate] ZA1593 BH O~©9 thste] @3t I3(Lugeon Test)&
ATt (Fig. 3). AAFAARL ehitell et FrAdo=,
Yol W TS F8lo] LugeonA |5 S4slo] Fr543s
Fjetsh= Aldolti(Houslby, 1976). 2 AJAlx= SHUET3E



SR - sk - HEE - o)y
Table 4. Results of Field Permeability (Lugeon) Tests
o | o | o | ® ® | @ ,
BH No. In-Situ
Case 1 Case 2
1 1
Explanation OV?:)iarﬂp ed Ovj:)::i ped Center of CIP | Center of HCIP | Contacted joint Cojr:)t?nctted
(CIP-CIP) | (CIP-HCIP) pile pile (CIP-CIP) 1 rponicp) )
Schrme () | (3 |CCOC00| G | GO
EL. 1.15E-3 ~
£ Dedm N/A 9.43E-4 1.23E-3 2.12E-6 N/A 7.84E-4 5 49F4
(cm/sec) EL.
5—6m N/A N/A N/A 4.42E-6 N/A N/A Leakage
(O : H-CIP pile /O : CIP pile/ (> : boring point)

712 Z2sle] sgTttol] SF (packen)E sl SHsh= A
7] B (single packer method)S AR5 EL. -4 m71A]
228 5 2 m 73kl A A5} EL. -2~-4 m T3]
FoARE ARERisitt ofF EL. -6 m7hA] 228 5 -5m 771
HAE =3l EL. -5~6 m k] FAGE 2158190k EL.
24 m TR ARSI EAlshe Tdol, EL. 56 m ke
HEjFoA HeRadZo 2 Hahs 7o 24 F4A1S 539
oJnlE 7Rtk
A= Table 49} 2t} 95 o]55(BH O~@)dl|4& Case
1, 2 B 5] FRel Adgle] iR dAvke] B4t
FAolE HolA] At Aol BIE vk Foso] E3th
4178004 ¥Hel F2ERgo 2 lsle] P XEE 7Ivisksd
AN AR EskA] Gkt ol o] RS AE Yo
T SRR QY A T B3l gk 1 SoE e
fle] wAISk o7 Ihekelth
Tl FEEe] $9MIEBH 6, ©)2 EL. 2~4 mojx]
H-CIP ZEBH ©)2] 7% CIP =BH 6)9] H|3k] 2F 1/500
o] FEATE VERSITE o] A& CIP o] 75 Kt
H-CIP 5se] 5ofio] & o]folx] x50 A= Aes
ofu]ghe} 55 EL. -5~6 molr= CIP 25] 3¢ 7= Q13|
wEe] 75 EL.
JR==Roy

FPPRG AT 5 YA, H-CIP
A5 Rk o= CIP 25

2--dms} W53 ] 4

A5 W SRR 2 % o] BT, HCIP 5] 35
Ao 2 Qe FAR PUSACKL ¥ 5 Aok g HiFA
JEfgEe) sEpele] T WU o) FaT G
& vACks 2 SRk

=)

43 2= T}
CIP 335} HCIP S0 2 A3t Fhgepdusie) gy

o

5 BH G~@ A 2153+ o)1= 214 50 mm, 0] 100 mme]
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