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Field Experiments on the Cutoff Grouting
Around Waterway Tunnel
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In order to clanfy an effect of the cutoff grouting, a series of field experiments were performed
during construction of the waterway tunnel from the River Gilancheon(Andong) to the Youngcheon dam.
The experiments were conducted in three different ways based on the grouting time in the construction
sequence, le., the pre-grouting, after-grouting and consolidation grouting tests. And those were also
planned to compare the efficiency of grouting in relation to the material types of grout, base rock types
and other geologic factors such as discontinuities, depth and direction of grouting holes, and number of
grouting stages.
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Armong the materials of grout employed in the experiments, such as a common Portland cement, a
micro-cement, a micro-cement with sodium silicate, and a urethane, the urethane was the most
effective as the cutoff grouting. And for the same grout material, the pre-grouting was more effective
to cutoff the water inflow comparing to the after-grouting and the consolidation grouting. For the rock
types, the grouting efficlency in the sedimentary rocks as a base rock was less than the other rocks
such as granite and volcanic rocks, which is believed due to the smaller separation of joints and the
abundance of infilling materials in the joints developed in the sedimentary rocks. There was no direct
relationship between the total RMR value of the rock mass and the grouting efficiency, however, the
joint separation which is one of the RMR criteria is believed to have positive relation to the grouting
efficiency. And the direction of ihe grouting holes might not so much affect on the grouting efficiency
while increasing the number of grouting stage showed the better results.
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Table 1. Drilling direction and grouts used for each case

Grouting : Tunnel Hole o
ype Rock: type ype direction Grouts -used Test number
Pre-grouting Granite NATM Parallel pC TP1, TP2, TP3
. . , Inclined pC, mC, mCSs, U TAl
After-grouting Sedimentary NATM
Normal pC, mC, mCSs, U TAZ2
o Granite TBM | Normal pC, mC TC1, TC2
Consolidation Volcanic TBM | Normal oC TC3
grouting
Sedimentary NATM Normal pC TC4, TCS

) pC : portland cement, mC : micro-cement, mCSs :
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micro—cement+sodium silicate, U : urethane
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Fig. 1. Geological map of the study area
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Table 2. Number of faults observed in the tunnel

Rock type l;&‘;ﬁ; ) Nuggﬁ; of Fa:’ggﬁ?er Width of fault zone
=im <im

Porphvry 4,730 85 1.79 17 68
Sedimentary rock(1) 7,093 124 1.75 10 114
Granitic rock{1) 3112 39 1.25 1 38
Sedimentary rock(2) 1526 33 216 4 29
Volcanic rock(1) 4,199 39 0.93 10 29
Granitic rock(2) 7,300 18 0.66 14 34
Volcanic rock(2) 5,000 44 0.88 27 17
Total 32976 411 125 83 328
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Table 3. RMR value of each rock type along the tunnel route

urit : meter
Rock RMR 10081 80~61 80~41 40~-21 21 10~0 Total
Porphyry 155 S 1,786 1,444 266 115 4750
Sedimentary rock{1) 125 450 3,564 2,693 254 7 7,093
Granitic rock(1} 0 0 2457 . b4 81 0 3112
Sedimentary rock(2) 0 0 982 402 138 4 1526
Volecanie rock(1) 60 160 2,861 1,029 79 10 4199
Granitic rock{2) 1,040 2,318 2877 84 131 80 7,300
Volcanic rock(2) 215 2297 1,206 H16 339 423 4996
Total 1,595 6,179 15,733 79512 1,318 639 32976
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Remark : Legends are same as those in Fig. 5 .

Fig. 6. Location map of test grouting sites
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Table 4. Determination of RMR value for pre-grouting test, TP1
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SW: slightly weathered,

Test Number TP1
Rock name Granitic Rock
UCS(MPa) 100~250
RQD(%5) 50~75
Joint set number set 1| set 2
Joint orientation NAOE/| NBOW/
TOSE | ToSW
Joint spacing{cm) 20~-60| 20~60
Continuity (m) | >20 >20
Separation(mm) | 0.1~1[ 0.1~1
COfl?fi.i[;;()n Roughness sRf sRf
Filling{mm} [Sf <5| Sf <5
Weathering | SW Sw
Ground water drip
RMR 48
Remark - Sm: smooth, sRf: slightly
rough, Rf: rough, Sf: soft, Hd: hard,

MW moderately weathered
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Teble 5. Determination of RMR value for pre-grouting test, TP2

Test Number TP2
Rock name Granitic Rock
UCS(MPa) 100~250
RQAD(%) 50~T5
Joint set number set 1| set 2 |set 3] .
Joint crientation NBOW/| NIOW/| NEOE/
70SW | 80SW | 655E
Joint spacing(cm) 206020 ~6020~60
Continuity(m) | >20 | >20 | >20
Joint Separation{mm) [0.1~1} 1~5 | 1~5
conditio Roughness Sm sRf | sRf
n Filling{mm) | Sf <&|Sf <5 |Hd <5
Weathering MW | SW | MW
Ground water wet
RMR 48
Remark - Sm: smooth, sRf: slightly rough,
Rf: rough, Sf soft, Hd: hard, SW: slightly
weathered, MW: moderately weathered

*55—

3

TP2 (L= 9M)
[IFT TR 17T
;/y praciinet
\\ﬁ\ TR
calcite vein T—3crr|1CElICilE vein T= 2cr'“unartz vein T=5¢cm
15m  10m  5m om

Discontinuities in TP2 zone

4
hole-number

Grouting hole arrangement for TP2

Table 6. Determination of BMR value for pre-grouting test, TP3

Test Number TP3
Rock namme Granitic Rock
UCS{MPa) 100~250

RQD(%6) 50—~75
Joint set number set 1 | set 2
. . . NEOW,
Joint orientation lgg(s)];:_:/ Z%ON'E/
Joint spacing(cm) 20~60|60~200
Continuity(rm) | >20 >20
) Separation(mm) | 0.1~1 | 0.1~1
cogl(«z;i}:iton Roughness sRf sRf
Filling(mm) | Sf <5 S >6
Weathering SW SwW
Ground water wet ~drip
RMR 48
Remark - Sm:  smooth, sRIC  slightly
rough, Rf: rough, 5f: soft, Hd: hard,
SW slightly weathered,
MW: moderately weathered

C TR
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mtwill

VOV A

15m 10m 5m Om

Discontinuities in TP3 zone
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Grouting hole arrangement for TFP3
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TP2 ! o 4 6,790 183 575 0 100 0.085
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1 11 8 6,520
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2 11 8 2,920
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Tabie 8. Determination

E5Ede A T3

o A4gAE

of RMR value for the after-grouting test, TA1

TA1 {L=15M)

/\/

K _
{ =
\\\%’N\Q\Z\M Saea
) . ’\_fauttT D[:I';_
15m i0m 5m Om

Discontinuities in TA1 zone

| f

%

Test Number TAl
Rock narne Sedimentary Rock
UCS(MPa) 50~100
RQIDI(%4) 25~50
Joint set number set 1) set 2 | set 3
Joint orientation gggvvt/ P;%ON\g/ gﬁ%v‘/
Joint spacing{cm) <6 | 6~20 | 6~20
Continuity{m) | >20 >20 >20
Separation{mm)| 1~5 [01~1 |Q.1~1
]oip t Roughness Sm sRf sRf
condition
Filling(mm) | 8f <6 Sf <5 |Sf <5
Weathering | MW SW SW
Groundwater wet ~drp
RMR 32

Remark - Sm' smooth,
rough, Sf: soft, SW. sl
moderately weathered

sRf: slightly rough, Rf:
ightly weathered, MW:

ting hole arrangement for TAl (inclined 40 degree from
tunnel axis)

Table 9. Determination of RMR value for the after-grouting test, TAZ2

Test Number TA2
Rock name Sedimentary Rock
UCS(vPa) 50~100
RQD(%6) 25~50
Joint set number set 1l set 27 set 3] setd
Joint orientation Nﬁg‘\?}v/ 1\’1]%?\?;/ 3513% ?5818%
Joint spacing(em) <6 |6-20|20-60 <6
Continuity(m) | »20 | >20 | >20 | >20
Separation{imm) | 1-5 101~1|01~1] I~5
mﬁﬁm Roughness Sm | sBRf | sRf | Sm
Filling{mm) | Sf >5|Sf <5} 5f <5[Sf <5
Weathering MW | SW | SW | SW
(Groundwater flow
RMR 27
Remark - Sm: smooth, sBf: slightly rough, Rf: rough,
Sf: soft, SW: slightly weathered, MW: moderately
weathered

TAaZ—{L=T6M)

: “‘-Wﬂ\m@

ﬁdgtmﬁﬁ—{actm& zoneT=Semsgndstane T=506m

1Rm 3N R
Discontinuities in TAZ zone

Nm

Grouting hole arrangement for TAZ {normal to tunnel
wall)

93
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Table 10. Results of after-grouting tests
. Grout Inflow , . .
Grout used Test i Grouting |{Number of amoant Grout Anflow ( 2 fein) Reduction | Unit reduction
No. stage holes {kg/ £ /min) rate(%) rate(%/kg)
() Before | After ’
1 20 21.8
TFAl 369 166 111 331 0
Portland 2 20 395
cement. 1 20 17.2
TAZ 2.42 130 94 217 0.83
2 20 143
1 20 321
TAl 5.8 91 81 110 021
Micro 2 2 21.2
cement 1 20 50.8
TAZ 213 06.0 163 7.3 042
2 2 1292
1 20 104.9
TAl na 7.3 6.9 .8 na
Micro cement 2 20 na
-sodivm silicate 1 20 na
TA2 na 332 %4 226 na
2 20 na
1 19 3450
TAl 14.29 406 29 929 0.16
i 2 15 2350
Urethane
1 %0 2540 :
TA2 14360 25 003 B8 0.23
2 16 1060
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Table 11. Determination of RMR value for the consoligation grouting tests, TC1 and TC2

Test Number TC1 TC2
Rock name Granitic Rock Granitic
Rock
UCS(MPa) 20--100 25~30
RQD(%:} <5 <25
Joint set number sef 1 |set 2]set 3| setl
Joint orientation N%OW/ NIGE/| NSOE/| N3SE/
8ONE |80NW| 355E | &SE
Joint spacing{cm) | 620 [6~20| <6 <6
Continuity(m) | >20 | >20 | >20 | >20
Seperation | 1~3 [ 1-B [ 1~B}| >5
coﬂi]gon Roughness | Sm | Sm | Sm Sm
Filing{mm} | 5{<5 | Sf<5 | S5 Sf»5
Weathering | MW | HW | MW | HW
Ground water Flow Flow
RMR 19 9

moderately weathered, HW: highly weathcred

Remark - 5Sm smocoth, sRf: slightly rough, Rf
rough, St soft, SW: slightly weathered,

MW:

ITC1 (= 5M7]
R e
' ,f é/‘ﬁx o

A \;/>u PN

e it N
SR =
RN S

+ - -Tracture zone+

Discontinuities in TCl and TC2 zones

= T
Scclion A
4y -~
X N ., ||\(;;/
T =
. 3}’ e
_ = L - - e
A N W, 24
15m a P //\
s T )
om? ¥ FEEEE B 5
1
' Section B
gp 2 B S E T @0 u e
\-\52' \/
Sm1r;tf:oz;xé ‘:,kﬁLg
3"’1{3 mT ORI E 213 f/‘ \
. =]
gt B o EOoE e R st stage
LU o]
2nd stage

Grouting hole arrangement for TCl and TC2
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Table 12, Determination of RMR value for the consolidation grouting test, TC3

Test Number TC3
Hock name Volcanic Rock
UCS{MPa} 100~250MPa
RQD{%) -7
Joint set number set 1| set 2| set3|setd
Joint orientation NGOE/ | N35E/ | NBOW/) N5/
10NW | 10GE | 83SW | 85E
Joine spacingtcm) 6~20 | 6~20 |20~6016~20
Continuity{m) | >20 | >20 | >20 | >0
Seperation [ O01~1| 1~5 | 1=5 | 1~5
Joint
con- Roughness sRf Rf sRE | sRf
dition
Filling(mm) | $f<8 | Sf<5 | Si<5 | 5f<5
Weathering | SW | SW | MW [ MW
Ground water Flow
RMR 42

Remark - Sm smooth, sRf: slightly rough, RE
rough, S5f1 soft, SW:

shightly weathered, MW

moderately weathered, HW. highly weathered

30m_ 25r:n . '20m_ 15m i0m 5m Om
Discontinuities in TC3 zone

o
!_ e SE s &
$5my B
I
! e & o' = -r &
12mj A
a = a0
gm
Bm -
EE ST S SH I
3m c
.; Ist stage
o = o o ¢ O - &nd slage
Oml| . _ _ B . 3rd stage
5 6 1 2 3 4 4th stage

Grouting hole arrangement for 1'C3
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Talzle 13. Determination of RMR value for the consoclidation grouting tests, TC4 and TCH

Fest Numbér o 1 . _oTostee) | ToH=sM)_
Rock name Sﬁilﬂ‘fn[an’ Rock Sedlmentan Rock o \\/\,‘;: :i ;\,///.\'{‘\rl//\i‘l‘//, :"\/‘,// ;'}4/3\//5(‘\/\:{
UCS(hiPa) D100 S~ 100 i Frd i
,,5,{‘"}”&;5
RGDN%) <5 <5 SR
Jownt set number setl | st 2 [set 3 set) | set2 | setd  faulT=Gem fpul J=5-100m Teult T-dem T T=3-pom
25m 20m 15m 10m am Om
Joint orientation NBOWY/ | NBUW/ | NZE/ | NBOWY | N6OW/ | NBE/ Discontinuities in TC4 and TCS zones
5W | QNE | &NW | 3SW | 8NE | SNW .
A, g
Joint spacing(em} < |6~ |6~20] <6 | 6~20 |6~ \s\. x‘/ﬁ:‘h
SN
Comimitym) | >0 | >3 | >0 | >3 | >3 | > = T .
| sepertion | 15 [oa~1 |ou-1] 15 | 1~5 | o1-1 R
Joint y
con- | Roughness | sRf | sRf | sRf | sRf | SRf | sRf R
dit S io T
T Flingtom | SD5 | SiG | S5 | Sia | 56| St w0 F « E
Weathering | MW | SW | SW | MW { SW | SW o F :
Ground water Wer~Drip Wer~[hip am : i :
RAMR 7 % wml ©OF TR R
5 B 2 3 “
Remark - S smooth, sRf slightly rough, R rough, Sf soft, SW: slightly ) Frermne Ton e Tacina
weathered, MW: moderately weathered, HW: highly weathered Growting hole arrangement for TC4 and TC5
M 3dARE FRetel dAsgEd, TEAS A elME fYUSEdl Biste FaFHow tue] F
WEZ FA=2 ste Y 2 TER 24T F A7t AHEEGeH, dAvaen Ay Tehey
ZAgtell wal z7) WigulE 1001 ~315 6 A&k Algel wsle FUA GAFTAGT FY5 HPES
24 A dPes wAsiger FUE I0kgl/ B ARSI @e Aew vehdv
cm® @AM FREEN £ 4238 3dAR TR
gte] F=9atgod 1, 25 FYAlelE 1w 3F E2 o 2H=
# 3m AR FRlstdew 33 FRAde 1d
el 634 FESAL Hdel Aszeted mrhE @Ay fdstel
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TC3 TRh2 AVAR, TC4 2 TCHTES 3842 o AT 2 F9Ad W a4s vaas
FEate AF FU AN 7 gy e 5 AgstEey o Az By vga g2 2
Table 148} o] HMHow AWlEe Foglar w £o] =gstgh
FolaFe] #Asts S By §YF#Ee] B 1 et At eeRle] R R5EWE A
S TC2 F7hel A= nlo]AZAHEZ FAEYG HE, vlolaz AE, wo]la R AlWE+giAT)
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Table 14. Results of consolidation-grouting tests
Length Inflow { £ fmin
Test of test | Grouting [Number of Cement Cement Inflow Unit reduction
number zone stage holes amount finflow reduction ratelka)
{grout) ) 9 (key) (kg/ £/min) | Before | After ratet%) 9
1 12 610 8 291 0.05
TC} 15 759 110
(pC) 2 12 225 na na na
TC? 1 12 932 _ 252 66.5 Q.07
15 197 752
(mC) 2 12 549 31 959 0.06
1 15 3916 247 116 0.0
- 2 18 5,283 o0 332 0.01
T g5 2791 423 =
(pC) 3 18 2207 55 87.0 0.01
4 21 414 125 99.7 0.0
1 12 369 31 426 0.12
TCA p p -
(oC) 9 2 12 85 10.15 54 13 7.9 017
3 18 9 24 556 0.10
_ 1 12 336 145 176 0.05
gg 9 2 12 162 373 176 | 161 85 002
3 16 158 109 334 0.06
Foz Aol #u 2A5krd 23 Edo] Ho 3 e A7 mE AsaseE FFd O
FUAL FE] daisEle A5 A z|9dE 98 -> Fage oS gty > E3E
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