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A Study on Improvement Effects on Fractured Rock Mass
by Consolidation Grouting in Tunnel
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In this study we carried out the in situ test in order to explore the grouting effects of
fracture zone on mechanical properties and permeability in tunnel. After consolidation grouting the
rock mass averaged 2.30 in the modulus of deformation and 2.49 in the modulus of elasticity.

The results obtained through this study are as follows.
(1) With advance of the injection steps, the total cement take shows uniformity of the rock

mass.
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(2) After consolidation grouting the improvement of permeability can be identified by reduction
of Lugeon values.

(3) Grouting injection can improve deformability and strength of rock mass.

(4) More mechanical improvement appears for more deformable rock mass before grouting

injection.
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Fig. 1. Total cement take at each stage of consolidation grouting.
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Fig. 2. Total cement take of consolidation grouting at each borehole
row.

191



o
F
Eu.d

000 [ ] Cement take
1st~4th grid grouting M
1st certifying grouting(1-1~1-6)

cement take(kg)
]
(=]

100
o - [l H 0
2

21 3

o, ..

31 4 41 5 5

Hole number

Fig. 3. Total cement take of consolidation grouting at each borehole

column.

Figure 32 AFPE F Bl 2Ede 7E
o7 F9 o EAsE FUF

< Yeld Aelgh 1(crown)ell A 3H(ecast
tilting)7bA]  ZH4she AgE Jelldsl 3-134
4-1H F(invert) ol A Abssl 58 (west tilting) 5
E] 69 (upper west side)7tA)| = w14 ZHA4stE A
g 2ok ol 3 A4S B3l H&ste
B A3 eddde] Al dis HAEE
29| ALl FolFkd slelM AR Ak
Holx glt}. Figure 30141 v ERo] &3}
413 4-1HZ(Gnvert)?] FaFo] 74 wsk
Az Z4s FYgfo] HigdE o 4 Ut

kool ale do

gteer) FRPozA A FFHE
ﬂafH dPo] AR A=z FFH HAT E

H o g4 A, FHEPEE Ave A3k
v%l o)sf El9-E7} ghibe] Bdsme] A
57| Aol £450] doid Al w1 shite] ¥
dL&m Fo] HE TEICS AWERE FAEY
¢S Axz s deleEst AlFE
Fulolnh absle] BT WAdolekn HrEch

TBM E{Z 32}

TBM Al F-72tel A1) A3k Bd 278
71F02 8338~834m FHeE 31134?14 A

o 350cmelst. = 2 834 F 48709 Al
To| AETHGH FUAEE BT ZEWUS A
Es} wlo]zz AWIEZ} AMRHSGISH, F 2242
vhiee] Ay Fdskdeh 12k A =94] A4E
Zelz) 2] o2 & 2150kgl® HE FEEIYCS A
MEZ}L 1180kg, vhe] 22 AW ESE G70kge] AHE-
Hooh 23 A FYAllE F FUY 1766ke
Z BE ZEUE= AWlET} 672%g, vhe] 22 AW
E7} 1094kge]l FLE A 13ks} 22 A3 F4
& B3 99 FUA9 2 3916kgelw
Figure 404 Rz ube} zhe] 12} 49 F9)

r[r

192



B o g

Pl 22 909 frch g z
R e ENRC BE R RS
of JEheEE Qd ol: HE %

A

FAe) Felekel AA dehd
1:}»

cement take(kg)

E
=
of
o
L
et
72
ad,
[
n
o
ol
oX
olf
oft
N

N
g9

AL A A

A FLolet

i Figure 5 AF A9 Ao w=

9) 312 el o 9let o2 ¢ Al v]s] 8341.5me)

A AITAR 83505m 7] FdFel A dehd

o I glE oA BN #E
o} BANUE Ae2A o]F AFLY HAAE

2000

1500

1000 4

500

[ ] Cement take
1st~2nd grid grouting

st 2nd
Number of grouting time

Fig. 4. Total cement take at each stage of consolidation grouting
(8338 ~8354m)

—_—
o
¥4

e(

cement tak

2000

1900 5
1800
1700 4
1600
1500 3
1400
1300 3
1200 3
1100
1000 3
900
800 3
700 4
600
500
400 3
300 4
200 A
100 3

[ ] Cement take
1st~2nd grid grouting

[ [] []

83385 83415 83445 83475 83505 83535
Location(m)

Fig. 5. Total cement take of consolidation grouting at each borehole
row(8338 ~8354m).

193

el W

SRSl

Hu



[ Cement take
71 | 1st~2nd grid grouting

cement take(kg)

~

3 4 5 6
Hole number

Fig. 6. Total cement take of consolidation grouting
at each borehole column.

"’—S—C’ﬂ H]

254 ¢ /min®}

2AzZEe 167405 &
73 13825m F748] 1 FelA 604 /min
A27F epli 9lem o AlFEFeAe
Y HE 100 /min 7)) ¥ E Helz7 9o} 1
2} Bhol o] gk FAHAFAA Bo|& wbsE F
7+e 13825m ¥4} 13855m ez zhz 3w
T FAzghe]l 160, 4N TS FAzhel
3200z A=Y G A FFAAY SAAH
7} AR 20Lu vigkel A3 vlzgidd A3
A Yelde.

_11)11

194

2] &

F % s
2edF3 9leh
333 1385.5m
A% »}E}u‘dc}. 017
Aen ¥ 4

AL

Z
il

Figure 72 12} <l
.:.,] Ez—] ul—
Aeshel el 1382.5m
) TN w2
o 17(]. 42}, OLU]“[“J/].OE]O]

_.U# 1381m _,_7}_‘)r 1387m

79

ZE=Z

2
772)
27

ol

T AF

(
=

fe

Q

[«

7
%m

m

<

Ld
w8

tlo A e jm
old o

E oo
et
£

A
e
de o N rlo (2 32

MR T H

L8

W do, I I
lo
H

7“]%}5" 1159°u A =)o}
7o Ay A & FAUE
Bolwl B T7iA] =AX|7} " EA @

B 4= 9tk (Fig. 8). E3] 1z} &z
'7F°u”‘] FYskel B 13885m T
s} 13815m F3F Abolell 197138 A 3sle] 9
245 sty & A A RES] AFFelA
30Lueldte] EHAE Hyom o|F A3 A
Z3o 1gHZF) 28, 20 A|FEFoz 37
st 21 12 2elx3) v @shed
B o o 77%2] A2 EAE HAE 5 ek

—lm

%Zé 2E 1

2
T

SLHRHSAIR

T A EFAT H(ISRM,
7hetsle] e FHH tﬁ;ﬁé
v AA(ks WeEANS
Al 512 9 7li°lﬂ

o}
o
=

=

o

=z
Sesa ol
A <

.O‘L

3
l
< 4
L Lo -

Ryl ]
o
X,
4



FEAE THAEA FF FHY ojdedd FAH Tl FHX T FWA o vee ety of
9 FHeE AAHE ALE Utk B4 AFel £l Aolvh o, B#A Ak
FRASAG S AFF Fulel Ablets &9 4 oA AR Afelx dejAe WAL
(sonde) == A8t 3 W9 AEAH(probe)?] & o2 AEME I AA FRHe HFA=2 A4
deol 7hs3bd AT Aol Wil 53 Ao dubgez Agke] gHEYezAME An
Ajgk 2 ket 29 474 40mm - Omm  (N27FEE, 2] dEYAeEME £ =22 4
742 Q)7 wEel % of mel AWEl AHEF W AHEE S dow B AFFAME £
$ o2 AFFPeME AA T6mm, Zeol & dHA2z AR FElAE 4EH2 gy
6me| Al&-F %7—%"}@] Age FPsas o2 o] AFE AT ot Aspel A

Aol H43 Asprye SRzAdspgon B AREE YE TFRFER FAS T oo
AN AT Tl TEEH(rubber tube)Ale = A#elAME OYOAS] Elastometer 200 71%&
9(ZE probe)E AMIET AA(E w: 7B} AHEEREE

Z1Ael 2etel AT FHel dFE LA

ste] dASA 2 HFS LA £ 7] o

A Lu value after 1st certifying hole boring Hole No.
Crown

1
1
|
B
'

Invert

Crown  : . +
1390m  1387m  1384m 1381m  1378m  1375m 1372m  1369m

30% QO Test hole(circle size determined by Lu value)

0(0"“\ %

e Ve e - - 30U

0\0‘“\ N

Fig. 7. The distribution of Lugeon values at each 1st certifying hole.

195



ARAE, MEA
A Lu value after 2nd certifying hole boring
Crown
invert
Crown

1390m  1387m  1384m  1381m  1378m  1375m  1372m  1369m

O Test hole(circle size determined by Lu value)

\ﬁ“e‘\

o‘°‘“‘\

Fig. 8 The distribution of Lugeon values at

[=11=;
ek AA A FWlAE AlE-2 TBM=
F Frhel M AAE e, AdFe X 7
83495m A Aelth FA L 194me|™ A=
ok 519m, E¥ 1 <f 325melt}. AP YA R
o) AAE MFHA HMEYgoz vlwA XWsp,
AFEFARA 3 FZelol FAF BdFEe 3
AR Az BRI o r A EG
A 27| Eo) ¥hgx "ozl Algg o), M
gkl EYsle] ool a4 F-EE ololH
o} o] % X T2 Suxfol] HA AAEIG
u}, Bl mA o2k Asle FEol FAFGG AE
A gl BRHo g d4o] AR 7|d¥ F
=2t&(silicification)®  &HAFE #(carbonitization),
T8l 3 ZE(porcellanite)3} 2H8-o 8 Q13le] Ao
WA (quartz vein), 314 (calcite vein) & HE3
02 HE A Ee| elin H=r|l s #s)

>
A

2 [

N

o

b

196

+ 30Lu

each 2nd certifying hole.

2em £ 2 ehdE e,
GRIeY F IAAHAG S 27 E
dmel $53t A5d, 1903 K0m @

ATl ARG AFFHES Fig. 99 vhehigie
WUk Y A F AGAAE A4 Aol 1)

3 30~50cm 78] X
HA-o] ohul AA A<l WALl A
X

317] 13k Aolmz £

g
5
o
b
o o
o L

102} 2o}



8349m

Bl W w A e A

8348m

8350m

3m

4m

om NO.1 NO. 2 NO. 3
’_ﬁ /
)\ S |
1m/
—
7 —~ =
T
L
X7~
P—— AV
2m \ AY
7

5m

[~

'/' H

Nis:

e

_6m

/

Fig. 9. Core log after consolidation grouting.

197

DRELE

7t A7

ofr

NO 1 : hard~medium
fresh~moderately or completely
weathered rock

0~0.3m concrete

1.5~1.55m evidence of urethane
injection in joint

1.8~19m extremely fractured

zone, completely weathered joint

NO 2 : hard~medium

fresh ~moderately or completely
weathered rock

0~0.3m concrete

1.9~2.3m Quartz vein in contact
zone(with Diolite) .

rock fragment(0.5~2.0cm, redish
color)

20~29m extremely fractured
joint plane, clay mineral in joint
2.9~4.8m Quartz vein in joint
53~54m extremely fractured and
completely weathered joint, Quartz

vein

NO 3 : 0~0.3m concrete
0.4~0.6m short cylindrical core
0.6~0.8m weathered joint,
short cylindrical core
2.5~3.5m Quartz vein




oX
kI

Crown

West East

Invert

90.

v
Test hole(Before consolidation grouting)

7he wielth B A x 7 zsikAe] o

Crown

15
West East

vert

90

\4

Test hole(After consolidation grouting)

Fig. 10. Drilling direction of elastometer test hole

A2 Zvhe A A FaE sk

kgf/eo® ool A 8574 =s} s FA A
AEEA)e) AAHE A7t Bl HAdeEE
100kgf/cm® AEZ 813 Qle Ae] REojch 7
Atk A 4 100kgt/cm™@H=
HA 4 A7 @A, 554
T 00kgf/eom’ AEE HAs}Foez B Qo
2 Ao ddME 200kgl/em’S HohstFon
skt

FTHABAES] A ol =
ol Yol A w:, APFAt
o we AR ek dA 2AF AR
7122w oz A, 9A A, 9 2
A& A 5 7HA7F dG & Al sled
4 Astabgo] AL=Eglen o] why-L ot 9;
Fdolt Falo] 2lgh ogko] W uA= %
25 sEAn =2AE 4 ook =3 &]tﬂa}
Z7A 2 3~55H4|9] §1E o3 Lbro] 7 F3o
qate] Ast B A et R PG
o} g o) =2 W7tx 35S F7HAIA

< #A38 15, 30, 60, 1202 4

==
def e WHE 1Y F Astel A W

o) 71e71 =58 T,

WAL(D,) 2 FAASENE F317 4

she okl A Agshct

Db R Eb=(1+U)Rm Ar

1714
N 22

198

. 4P



B W A A $18 uaees A% P AF
AP/dy - &7} =454 A} iy :
(kgt/cm®/cm) .ET
R, : 7S 73 77 79 Ag3E A 4
(cm) % “ #,,’ /./'
AP : 4¥%5¥ £ _,,;,-f
dr: ARF WA SR " ' |
T st
X 9}£n)(poisson’s ratio, V)&= dukH oz A :" -
kel e 02, AN E 03, FshlNE ]
0359 & AEHR Qo shizddel weh v - w i/
An 2 APFPAE 0258 A43teth Figure 3 Ji
11-13¢] FHAsA P 27 & S, 39, P JT
W ERA A AAG ol S shbH Jehlsic o] o _,_,‘4/41
370 375 ;:Z o 385 350

wo{ g /-
&0 -
—~ //:;
LE, 80 ,i-l
5 f
=3 B
g 40 -
@ ./\/
2 ’ [
o 204 /. .
I _ - - —a -’
04
u
37 38 3.9
Radius(cm)
160
wd A n
120 L)
“‘E 100 l
S I
= |
2 80+ L1
e )
2 60 -
1] IV ]
°© .
B 40 ——
i
i
204 -
/1
_ J —an
- — T T T
37 a8 39 40 41
Radius(cm)

Fig. 11. Variations of rubber tube radius under

pressure.
A : Before consolidation grouting, right wall (test
depth 1.3m)
B : After consolidation grouting, right wall (test
depth 1.5m)

199

Fig. 12. Variations of rubber tube radius under pressure.
A : Before consolidation grouting, left wall (test depth 2.7m)
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Table 1. Improvement of Db & Eb
Test depth(m) Dy Improvement Eb Improvement
Hole Y .
Before After (kgf/cm™) After/Before (kgf/cm?) After/Before
1.3 18245 37584
1.01 0.73
15 18345 27399
26 14458 18411
Right 1.90 4.14
2.6 27476 76284
46 5295 7935
3.45 3.83
46 18271 30377
2 6935 9694
5.36 4.48
13 37198 43408
2.1 19951 34558
Left 1.38 111
43 27453 38324
33 43206 74416
0.58 0.85
55 24945 63441
0.7 1055 1359
4.66 5.02
0.7 4916 6816 ]
27 35021 43073
Invert 1.02 1.04
2.7 35655 49844
55 23919 43296
1.36 1.25
55 32645 54260
2.30 2.49
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