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A Fundamental Study on the Criteria of Basic Parameters
for Planning Rock Grouting

2 9 Kim, Jongmin
o] & 7 Lee, Eung Ki
Abstract

Despite the increasing applicability of rock grouting as a method for strengthening or disaster prevention by improving
the stability of ground, criteria for planning parameters which can be used as minimum guideline are required since
the current practice is mainly dependent on experience. In this study, the fundamental criteria for important parameters
of rock grouting in terms of injection conditions such as water-cement ratio, injecting pressure, cement take and resulting
effects such as deformation modulus and permeability are proposed. Those criteria are the results of analyses of a series
of hydraulic fracturing tests and Lugeon tests, in-situ grouting tests at 17 sites in Korea and other countries, combined
with the literature analyses of standards and previous research. In addition, the method for modifying proposed criteria
according to water-cement ratio is also addressed since that in Korean practice is too high and therefore, should be
adjusted to satisfy the conditions of balanced stable grouting. The results of this study can be used as a fundamental

reference for more refined research in the future although they are still somewhat experience-dependent.
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Table 1. Parameters measured at each site used for study (arranged from Lee, 2015)
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Fig. 1. Rheology of Bingham fluid (after Wikimedia, 2013)
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Fig. 2. Stability of grouting (US Army Corps of Engineers, 2017)

e J2RE =2 AN JIEgtol 28t JI=H7 17



8 a1 Ao 5o A7 A 4= Qick wet
A BTl ke el HEE =AY A
|5 Y7oz djof skt 7|& Sl AlsAEIE B
4:1 o)Al T}t B-AWIER|7} AFEETL glo] QHA
ot A 2AS HEIH= E-AHERE 2Fo] &

Q35}tHLee, 2015).

3.2 S-AHIEH|

QP aebeele] ASEIE AMlE Astoly el
o §Eke SAS AL T FAT A B
MR EEEE BAME ol TekeE e FYAY
W B AR whe S Wl S
0% PR BAUEA} B2 AT 29L&
o5t} QPR 7L Hlof Tehed mIph b
Sh= whgol gick. whd B-AlMlEn} A ughe
Tk g AEks F7kshE e 1] el AEY

U878
Mdeolct. = lﬂ‘r—r%oﬂ it B
et e A gstol AT Hatel uet £ o)
e WASRe doke skl QTHKRCC, 2001).
TEt A ek RN g A
of Aol ofgteol Jlom, AR B 7ok vk
O QIR S A 5 =R FUAe] 540l
UeRETL Qi Lombardi, 2002). W43 91440 It

= grEEs obget 2o 248 W] galae

Table 2, Comparison of criteria for limiting injection pressure
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pf Remarks Reference o] Remarks Reference
5 kg/cm? Consolidation grout for dam | MOLIT (2011), KCSC (2018) Sy us Hollmén (2008),
40 kg/cm? Rock MOLIT (2016), KCSC (2021) 4XS, Europe Khosravi et al. (2009)
- b _ ) _ Fransson et al. (2010),
(3~5)xu SMG (1996) 3Xeffective Sy Gothall et al (2010)
S.° - KRCC (2001) (1~4)xS, Good rock
Weaver (2000)
(4~5)xS, - Yang et al (2007) (0.5~2)xS, Poor rock

@ Abbreviation of limiting injection pressure
® Abbreviation of porewater pressure
¢ Abbreviation of surcharge pressure

18 E=XBtESssl=EE M38A k2=



SHAFeIet o & A|9FalALHMOLIT 2011, 2016; KCSC
2018, 2021), 429HSMG, 1996) S-& AHASHKRCC, 2001;
Yang et al., 2007)2 7|Z20 2 SHAFAYLLS Aokl

Sick SAFALE VAT A9

N
1A
HN o
o

N
N
o

g
_l
N
I
2

N
N
o

o 2 ol
oo 3,

oM,
o
a2
iz
-
RY
N
k
an
)
N
&
s
e U
oj
= HE
o

A=A

o
2

X oox
lo =

N
N
lo
-
s
)
N
s
2
filo
2
o
ol
rir
PO
o
I

able 204 KRCC(2001)2] 7]
PAFYLE Ate 9ot
ang et al. 20077} 0] AL 4
= 543k ek sole] A, Au
}

o

[N

2

=0
ol o
o 24

f
< S
lo

o
o fr
My
rl

14
sk

H @ Hn 2 W o
lO 0y )

o 0130

2

o

s

H

N

o @Im
Jo
ial:)
flo
o
2
=
1o
N
jus)

o M ¢
&
2
N
1A

=)
Jo
i
flo
ol
op
o

% 1l
lo r
rJI HU

5

off
e
1=
i
Hu)
1o
oM,

(1996)= Bawle] Wapyn ek TAS B4t

o
TREEASH] BT e AU 1L5~2.74),
2
2)

B dsro] WA wHE A9 23330, 4
Agelsuio] WAL QFBT eie] A9t 333
el F9lgk 2 go] F1stckn Ataleich Felekn
A O 2Rk 1S off, EE LA
£ A Bbo] uls) W RN 2AAol
2AYSHA FThRafi, 2013). B3 SRk A4 B
AREE WA, A7), BAS Q2T dRe) 29
A = 5ol dlEe At 2719 dAFASE
M85 Ao] ek 02 BekEck v vl
o] W3t 79, UL Atz QIgh 289 A
& mejsto] ARehE ABlshe et A 8] Bast
THGothill et al., 2010). = 2] 742 Jun et al.(2017)
BHUTS B 2L AR Soto] Teked A
off A= FF=; Joo et al(2020)2 YOl LB

of mAE AR Bt

H 0 A

(0%]
W
NN
2]

AdE
E317] 98 SUuAE AHaE BAEI Fig 3
& FATHAIF Y AF A FAY-AIbolE FAE

ks o

Aot FUYolL, P YR ot W) 4
= T ] ©
2 Aol =
AuafA]d A=(HK Research, 2012)2 X g =¢tut
o W G GRS HAE Fig. 40l =A|
Rt

Fig. 40| HIzo] fupafita} w702 22t

RIS 4o 26 o] apolm, o= Fx¢Te] 2145}

&

ol
—_

. Pi=fracture initiation pressure
»" “shut-in’
f P.=shut-in pressure
- , Pi=fracture re-opening pressure
| ‘shut-in’
Py

pressure

Pp=formation pore pressure

cyclel cycleZ

-

time

Fig. 3. Typical injection pressure—time curve of hydrofracturing
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Table 3. Characteristics of sites and result of injection test (arranged from Lee, 2015)

) Test Depth ) . Sy o]
Site Rock type hole (m) Noticeable rock condition (kg /sz) (kg /cmz) p/Sv
15.4 Near vertical cracks 33 25.0 76
Ordinary A1
16.2 Interconnected cracks 35 16.0 4.6
A A2 16.7 3.7 9.0 2.4
Hord 16.1 Horizontal crack (little filing, open) 3.6 6.0 17
ar
A-3 17.1 3.8 6.9 1.8
26.0 Micro—cracks (quasi—isotropic) 6.1 25.0 41
Bt 14.0 28 16.0 5.6
B Hard 24.7 none 5.6 20.0 3.6
B-2 27.0 6.2 30.0 48
C— 18.2 33 13.0 4.0
Filled (closed) cracks
Cc-2 18.5 34 1.0 33
C Weathered C-3 17.0 3.0 2.8 0.9
c-4 17.7 32 85 2.7
C-5 18.0 32 6.0 1.9
D—1 14.8 2.6 6.8 26
D-2 18.0 Unfilled (open) cracks 34 35 1.0
D-3 18.5 35 8.0 2.3
D Soft
D-4 16.0 28 35 1.2
D-5 16.0 28 6.0 2.1
D-6 15.8 2.8 9.0 3.1

20 g=XgtEstel=EE H38E k2=



==
o

AFALE AEole. LX) A1

o] 0.9~3.1 W= theheet.

A3t LAY Aot B AFAT ARE

Edz & AtoflA

=
A 2aE

AT

3]

TAFUAY 715E Table 40 A2

IAFALY Hrhgro

®X me ;W W W

!,ﬁ

\J
¥

1
|

W

i

|
s

J

(/)30

v

e

s

(a) A

s )

(»80e

(b) A-3

Fig. 5. BIPS image and p—qg—t chart of injection hole A—1 and A-3 (Lee, 2015)



Table 4. Proposal of limiting injection pressure according to rock condition

Rock condition o]
Little filed (open) or connected crack Sy
Weathered or soft rock -
Filled (closed) crack 4XS,
Fractured zone within rock or microcracks without dominant direction 4XS,
Dominant horizontal cracks 2X8S,
Direction of discontinuities - - -
Dominant vertical cracks or interconnected cracks 4XS,
Filled (closed) fractured zone or fault 4XS,
Good quality rock 4XS,
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Fig. 7. Increment in the modulus of deformation by grouting

Table 5. Proposal of increment ratio of modulus of deformation

Rock type D;? (GPa) AP

Weathered or soft rock Less than 1 3

Poor quality ordinary rock 1~2 2

Good quality ordinary rock 2~4 1.5
Hard rock Creater than 4 1~1.3

& Abbreviation of modulus of deformation before grouting
® Abbreviation of increment ratio of modulus of deformation
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Table 6, Permeability and flow types after grouting (arranged from Lee, 2015)

- Ordinary Portland Cement Micro Cement
ite
Z, Flow type Z, Flow type
A 0.05~0.27 Dilation, void filling 0.01~1.01 Laminar, turbulent
B 0.10~0.32 Dilation, wash—out 0.03~0.05 Laminar
C 5.36 Not available 0.46 Not available
E 1.5~25 Not available Not available
F 0.5~34 Not available 0.2~3.3 Not available
G 1.78 Not available 0.47 Not available
H 1.62~2.87 Not available 0.05~0.78 Not available
| 0.14 Not available 0.03 Not available
L 0.17~0.57 Not available Not available
M 0.04~0.94 Not available 0.02~0.38 Not available
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