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A Study on the Permeability Reduction Methods of the Rlverbed
Ground during Urban Railway Tunnel construction.
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ABSTRACT

This paper describes a study on the permeability reduction of the riverbed ground during urban
railway tunnel construction. The research is mainly concentrated on the study of the grouting or
injection methods among permeability reduction methods which can be adapted in the riverbed
ground. Firstly, the various grouting methods are theoretically reviewed and compared based on
the previous research papers and case study results. It is also evaluated the grouting methods in
view of a safe construction of the river crossing railway tunnel. Baced on the literature review
and previous construction data, the design technology of grouting methods considering the long
term hydro-geological behaviour in the riverbed, is suggested. Two injection methods namely,
Natural Durable Stabilizer(N.D.S) and Space-Multi Injaction Grouting(SM.I) methods, are
introduced as new approach methods which can be adopted to modify the riverbed ground. In
order to evaluate the ground that grouted and modified by the N.D.S and S.M.I method, the pilot
test programmes including the field and laboratory permeability tests, are carried out in the river
crossing tunnel construction sites. The results obtained from pilot test programme, are also
reviewed. In conclustion, the grouting efficiency of the S.M.I method using the non-alcalimeter
silica sol is better than that of NDS method using cement. In addition, it hopes that the research
results are contributed to develop the grouting design technology.

EL R

B 2R EXNHETA A SASHF] AnFESFAGETHA i dFAFelrh B AdreME
EAENE F B3] 293 gty A7 2HE FAh oo wet spAAR &
of eHI Y NEFATHESY o)2H WA ATHHES 2EFH AR 5
BAM5QT} olg o] thd AL Fia FAFYPES AT} =AREHI
ekl w3 24 A3 EE B A &) ko] A A7 A o2 tA s A =) uk4= ) A
Wol AA7|Wo dste] AA BT ojst o] AN EFAGFFATYEE
o] WEHE 2AZ FAEY HIFA A GdATH 945 F HEF2ES 371350 FARA#=
2o HLgAo) F5slty FHEE ND.S(Natural Durable Stabilizer) 3% S.M.I(Space-Multi-
Injection Grouting) ZH& AAsGth 221} o] F3He A AFaRE H7sr]9sto OO?‘]

Ao AMAQ FHAEF SAREHIATATRAA APATE AT ABAT7E Tl

W2 AR AMEREFELANYS AN AFTHFY Awe] FFHARENE FIEER L,
Mol APAZARE ol2HQA WAF ¥4 wm BMsgc 2oz SMIzHe 4% NDS%‘
v 254 AsEast 2 Aoz vegt & A3 goid AHME F71EA ARETE ¥
a4 A7 A 5448 2948 9 2A & £ AL Ao AWHAY R 2 A7EAHAR
By B3 FEEHYMAA SAA e B5A 2UE 93 F4FY 2AAVIeEdd #d T Aot

»

m& % OH >

o ALAYYSE AEARYgE Y AALTEE AARR, ZoFAAG) EFAGES, F8d
E-mail : jjkim@kolon.com
w»x AgAdudn ALFER ug, A

o FRBEINEATY AREZATRY

-

2

=}

o &2



1. A&

=

42 AEARNGC) F7t BEAYA FHo2 FRNAL Qo FEANY BF B 2 FE F
Ng BAoE AAVANARY wHS X

9 FEATY ©
qAstee Ago) vehda ok B¥ %
THE ERSE A9 Aok urst el AYrt dg Hol A ojegol wAY <

o, olel # ATNNE EABETA AAT AT Al A
B4 AT R 3o W2 HUe ARA L AT Fushy] A5t ALHE FAFITY F
o] Hold NDSTHH SMIFH 83 H84 3 A¥de 24l
A F TR AN AW AT AT AFe

=Y AZ BETEE AFHLA Bt

o

=
3=}

=

A5as 2 ANGES

op

N

L FAFYT

FAFYold Al FYu
et 7Y€ okl Awel 3
o 2 dAFdAE AFe Azde AGP GAFATYL

=45 @4 484 shefo) Bash

Aste] AFol 44, FAAA ARF AZHGel-time)ol 7 7ol
TE ANREZNE 2 BHOE @

= 1=

[
oX
ol
S
N
a7
O
Sk
2
N
i
Yo
£
2
N
rl
0
%
Lo

O

21 7129 FAFYTH

211 EF9A F4ETH

195090l ol vlZd ¥, YBG FAOE oAy opuA, $HUSA T g FAFATHO
ALEo] ZWA AHEHYoY 1974d 4B FFoI1E9 oA oA e AT A dArd
o) RE Irlold Aoz BF2d] glE ERIUAE AYT BALYPol FHHE FAd A
o] FAE o] 2o AR

£ oo nAF AL £Fo2 AF WP Ase AFATH AMRZEFE X3 Lo
wy AR AFEd 1 FEA J)5e RE £E 448 JAsA g od olf2 4 =
FE4 FHE HIFAM F2E 7234 59 BEIYe 982 FAH AsgRdY 1 Aee L
e w722 XY wP, A7 AW J58 FAG o] WTAHE LI T FUTAE
AR gL Aoz gy o] AAHA HAAE &4o] By T8 FFFAE 2A) 42
& ALe Aok k. B3 nAA FLAAAY BHAA Fdo] T A 294 7ol At

2 P .
ol Al 0o SO FRAAGE AT A TA AEAT
- T o TT = - =
2587 5 (FEE Ast 2 F5A%5 A
~ Gel-time %3 &0
Z0l3L
THyom

£

= A AR
A E ~ 2 Fy B34
EA T zgagen gawn wgss |0 o
743 - FuAuad FsA

212 AAEA FHEH
Az AlWE gt FJFWe 18029 xF29 AW 2Y(C. Berigny)7t Ad TETS AHER



TEEZ SAZ ¢EA Jduh o)F TEAE= ] AEZF AFEEEA AR AT Wol Feu F9de
AR A5t o A} AW, FREAY A, AT 7HeA T EAZ AHHL Y

E3 Gel-time©] 7‘01 e EZ’!"ih Argel @AE 2ta vk A2 ARE AT A &Y, 2
TAA 2ZA FA, "HA S F FAERE FF A Tl ALHNoY A3 HF4H
Gel-time & ol Eﬂ*c}zlt&"] Zﬂtf}ib_ Zule] gigstel Algu AS T2 Aol A@dH o

22 NDS 93 SMI 34

221 NDS 34
NDS¥He F7147 2ol ARE Agstd FYASS ¥ Avv 87 Asgeln yFAol
Hold #7144 F24 A% FUAE gtk o] FH BAL BHAE AEAA W= &5 AW
714 zﬂ EPE 2P IPoR ARSE vldd Rustel €Y W 2F A 4FSA B

i ]ﬂ'l
2
o
_>:

o

e A FAHeAe ASEA @or Gel-timed 2T & 3
840 gk B4 BARALAY 67128 §50 48 .
2 Asiol AFAHe] gk B4 AL Arkelth vhEoR uw_% ARE A

fr e

222 SMI 34

SMIZHE o AMEHA5 e FYIHEY TAHAS
&ﬁ]m—mo]u} &9 ofAFA W EAHL 7 adE & E F Aok oje #FE& VE
o] BARS B3 SMIFHL 5489 EAd wi dFae EFFYFAE AHEeH LA ElA
¢7te) € %%£ R R SAEde =3 FAAke pHel WS E doyA] oz A8
& 9o7|A gon XagH LM FYsts Ao Ao o d Gel-timeo] Ado] U A dd
dF Fdasols A3 FHEHY} nBEA] 53t 53 AFAo] HoAAY AFAFHer A
&, Aol o} Eo] AF ed Autele A9 AT 53 AYEA dig JFaFAaA} s
t}.

netete] Jidd W 47k Aegt

i

3 NDS&H3 SMIZH AEAF

NDSEHH} SMIzHE AFAHAL Fatd 2t 39 ANTads et
az ok B FHo] A8E Aol HE SFRELS HAIEE W B
AR A ukel A Alge] o] Folxol stEz AwzAL Aol wE Awke] FEjE seteted HAH e 94
AARste APAE AT

3.1 Anag
E A7 Qob] AVZAE QF A2 FAYNE UNRA Aydel A 24 Hgend 2

@-m NsEE & 4
n 7‘ X=3244 £-3 cm/sec
l EE 2,175 gitm®
UL LT WAL - 31/30-35/30
V
M]
.. Ay 7. V,=1.200 m/sec (SPS AB)
MBPHEIm V,=1,600 misec IS4 £ IMM
aamus o2 3 a2 somes
(N 2 R N DT O | [ o grem
Nxt @ 30/30-50/7
128 . I o v ~700-1200 misec (SPS AB)
1o By 00-2.000 m/sec 1EAIE} TR M)

=161
\l =700-1200 m/sec (BN FA™)
WR - 508

Jjuol oot % Y V,=3673-4,768 m/sec (SPS H&)
e 4,-2.000-3500 m/se (ST R I
29 ol
IRSUY BUABAY] |00 isec o1 (B4 HRE
P <239 - 2.48 giem?

350t

a2 =AY A



32 NDSTH9 AdAZF

NDS THL 233 Rod¥goz é?‘f 2ol A45E NDSEHLE 20 Shot Ha & 7oz 3tn,
%27 34 2 ¢2 FJdME A, Il H1&2 FYste A 9oz s XSl weEkA
FdAe U &S xATY "?Ao}ait’r. T3 NDS a#@$"He AGTFdwHes F44¥ 5
kg/cm’o)8tE 2 7ah @Z i W FdgHe Hu) 40 kg/em’ ©FHE 71%3& 3] AF AF
Atk 5dA} 42 Gel-Time2 FZA 9 3% Gel-Timeo] 7~12 secoli S2AA9 45 60~
90 secol™, B AlPAlFo AEH FUAFe B il x29 2

¥2. NDS 3¢ AFAH A}E3 A4 m® 2 vl

NDS-ES NDS-UF NDS-AC =
7 kg 275 kg 2.6 kg 883 kg

W5 (magg) ol A8 29 F 5409 A4 29 HAESS NFOR M FY&O=39.9%)
HEA FEARL02X10 em/sec)e WA ZaAT ARA 8712k < 3X107 % em/sec)dl &
nAx Eate AH2 dehton, Agte o Z?J%(A=53.7%) HgA F5AF(8.71x107°
em/sec)e EAAFO B8 HRPL L 4 AN FEAEE FAFA 109 A F FA%5 &
oz B A B A NFA ERD ulEel Fido] 433 BEod NFEY FrFL A

SMIggez Egwdol HexHe AYsE 14w
237 9422 Wdgsto) FYsta 111 HLE FPdE A
A 544 850rpm ©14, EZ#H 50m/m o 12 &% 2004 ol4e] 3%4 wugx
dAARE HEF 23S HA%y ESToE EEF 2dWns 248 Aoz FYIAA
FAPFH L 15kg/cm® o2 FPQ L™, FUF 10¢/min ~ 2oe/mma NELR FddAT. AR
e 2B AT Al FLAgH) 9F Fte] ERHe WYL wAsy] s FULHL
15kg/em® o3t8 $Aste] FJatnh. Furo) EF
FUFRL ANHo 2 AN FrhH AR E
Agd 543 228 d9e0, 489 FAghs AGFYFo vIAR
AZth 3L SMI F9 AFAG AHST FQA F AL ol

ng&

n

#3. SMI &9 AEAPol AHES FdA F AHEH

T ¥ 4 4 AAZ AT F L I
A RE = 836 1,151 + 315X
73 3} A KG 1255 1,728 + 473KG
A& L 80000 123,000 + 43000L

NBAE 100 ARF FAR] FEASE
2.23x10%cm/sec o2 UEyton AR ¥
rrgel 4ud wgkou AEFe Fage A
& #IT 4 AQY B2F AN %
937 ol RAE Aol et
g %gtom gAstgich

ool o\ FHAAY
4% Fdol oF

193, A Aokl o



34 NDS&H3 SMIEHe 87 384 37
2 AlgollA e NDSEHT SMIgHe ANeast H5&
NDS3H B¢ A8 F327 5 # dFFFoNNE A7 #3H l‘{ HAZAM=
Ag71Z) B A G AAE AN At AN A 3 FRATT AETIEAA P
g AA FAEO=39.9%)8 1} 135% 29 A=53.7%9 FUES BAT T FAEY =3
B 2E 2 F9 A 718 HANA Aot EAss A2 Jd AAREZGMAIA L AIEA A
439 HETL 323 olFoA & AoR AddATh
SMIZH 45 A9 Zert E*Z}?ﬂ l AYste Tl 23s] e &l A
o, AT A&y wiHd X35} FA EAY fEE AT
drel SMIEHE AA® 23 wjuggol A Vh Efd vd €
ZFE3 AFH] dAte FxE A AerdAY F FrATE
(k=223%x10"°)7} B%5F3F0) 77t ME‘zﬂ F5F AW 2EHNeN, FAFdE FA4HY 102
A% Fo #A73 Im Aol AFF Ao vEbnrh £ ARY Aud) AT HA
@ 20 AY A F) Bhate] ¢ okz A%e AL 4+ Yo, AT g8 F A4

AFANE FLA7E AR Wl 223 Fgd Aoz FAHYUT
metd SAAE Free HETA A HETRE A7AA dAfARE FHAA BxE W SMI
FHol NDSETHET H&Alo] *zsltt 3t 4 o

4 HA A5TR AL A FANNA B

E Uge BAXsE 334 29A 325TF @%F T 4 AAC AHed Ha AFa
(ND.S)el AAd Hgd FFAF(k=3.0x10" "cm/sec)E BEHEAF|A Fale], @Al €
A AFFTHoE SMITHE AASAT B4E AFaesdy 2 w23y Hed o g &y
2 AEA g8 oEE dopry] 9t RAYS T £ ANA o AN e SRS

ol

oi&m&

-
g_g\_' ot

4.1 A=A
AP HE 209 §3¢223M T2 1:Q Pentagon-2DF A& 29 Mohr- Coulomb 33 7]
o3 gan Rde Bio ZAASFK = 10, 1.75, 25)¢] Watel A H&si5 Ao o

BN

2 M =
g
mlo

o - 1
4UHA ATUANL S99 2YAE Fx 4ADR SEEEER B P PN
2 ©9 une 949 2

Al

A8

4

(b) ¥ ARAd

B AFolA AgE dHgde 1959 Zo) i) wE BAES dFo] YxF AHsReH, d
A gAE 2Y6(1. A2 — [ Soft £IATYE+ZEE — M. Hard £AHE — V. sptE® — V
Soft £ E+ZEE — VI. Hard £33 E)7 & £AZ AR



60m

)i

e
I

42 F#AHH 43

2 ATdA FAHNATR AN, e

@ate] AESGTL

0.00

90m

295 W7 AR g

E
*
s
{u
AC
{m
ik
i
K
ol

meA

2.00
—.30
1.00
-~
g -0s0 ’é
; = 0.0
-0.90 &
= =
120 -1.00 —
i : — - k=105 8- k=175 5 -~ k=2.5(5)
k=10 k=175 k=25 o k=1 0(t0% K=1.75 () - k=2.5¢6)
~1.50 i L —2.00 L T I i L
1 2 3 1 5 6 1 z 4 5 6
Construction Stage Construction Stage
I-7. A 28 A 298 WAy A Ak

FAHAL 3 A A AR, NTHYe AL 19 7, 1987 #ol 47 K, = 1.0 A4
0.866mm, 0.248mm, K, = 1.75 9w 0.644mm, 0.628mm, K, = 25 4@ 0422mm, 1.008mm= ¢ T 9
ol d Ao BUPEL

g o —a— Ko=2.5 (g T: —a— Ko=2.5
099, £aE ¢5LY 2910, $£2HE A48 211 BRE %9
4. FAHY AEATH
Zq|F R 9 | WA | TR 9 o W7t 2 <t | WA
100 | gy | 1:234mm | 0.866mm Ay | B2 tonf/? | 57.3 tonf/m’ 0.24 tonf| 0.28 tonf
175 33 0964mm | 0.644mm | 4= | 1123 tonfit | &7 tonf/m 0.38 tonf| 0.36 tonf
= o o~ Kl \‘-:’_:1 ; P
250 0.704mm | 0422mm | 7 | ° | 1845 tonf/d | 1300 tonf/nf 052 tonf| 0.49 tonf
. 2) B .
1.00 3 0.321Imm | 0.248mm c |3y 04 tonf/m
.75 | W& | 0.767mm | 0.628mm ks - 197 tonf/m’
iR <4
250 1.215mm | 1.008mm - 214 tonf/mt




£33 Ed FLE HE F UFLHE 84 kg/em’e 2 EQASF K, = 10, 1.75, 25 4o £3E
AYYEAEE 1997 o] 57.3~1300 tonf/m’ ZA FHELXHYE xFeA &L Ro vebyd.
294 K, = 10, 1.75, 25 Ao 3 QA& 28103 2o 004~214 tonf/m® ¢ HAS RHon,
3¢ B A4 61 kegf/em™e e Vet 22 e 28 19113 o] 028~049 tonf 9|
W E Holm 3E&XQ 86 tonfS 23} 3lx Pol BAGAAdE EAH & AoZE ATHH. o
o} & AE AelstH ;q49 #o

5. A8

B AFAAE EAAE 4 F3 B ) A5 2 AuRgel 2@ BAg Astel AR £4
AREHE F FATY Wakol ATSHAL. HAAL FHARE Ast] ALHAL v NEFYB
Mol WE, NDSEHTH SMITHS @AY, £A84% 24 $3ia L B4g ANsen, g
&% ge AEL At

) = A2 BEEHAY HZZ6
NE A7 Z2d B g 232 sty ANY A7 23 EFARGT1X107%7 Ao
Ko B3t AA FIEA=39.9%)21} 135% 2743 A=53.7%2 FUES 2}

o

2. SMIZHY 2% A4 F 2458 4 4% FFAF(R=223x10°)7 BRE$F
oA 7W7he 4P FEE AIrh dsgten, FA%sE FAAA 104 B Fol AAZH Im 7+
To] 374¥ Aoz vtk £3 AT &8 F AAG A g A4 ANANFAAAN e AEA
L2 Qs FUATE Ak el FE3] FYE AR AJAHUG

3. PentagonS ©] £33k x84 4 Hrt A3, Aetr; HAH e
A FEE E 4 AR

E
e/
N
2
-
L
dlo
o
fru
>
o
e
e
12
o

4. 99 BHE FHshed 2 o SM. DS FWuc 4% 3% w3 AAF A% 2 A
: g4 2

wnze BAL F23

FaE3

1. FAA 84 354294 326537 AATA HE A543 94 2 HdR AER A

2. BAA38d 334 325F 7 AAFTA BASVF AeFAF B

3. RAA A 32537 2" FARA BuA

4. FAAEE 32637 TR HE&EEAH S0 AFA R AFE A B

5. RAAEAE 3529 A 3255 T ARATA AL, B2 B(NDS) AEAE ARR A

6. WA, “H4 Ak ~ol27 AAl-", Y7)%, pp. 175-208, 1998

7. $°3%, "NDS 3809 AFANTE 58 AAF 2o g A", FAaL, 2004.

8 (AhU &2 T3], “2003 AN AFe @] AFZ# A F 2 BRITH”, GHoiExd 53], 2003.



