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Abstract

The behavior of cement-based permeation grouting is divided into three different
groups depending on the grain size distribution of the soils: (1) zone of cement-based
permeation grouting not feasible; (2) zone of cement-based permeation grouting
feasible; and (3) zone in which an accelerating agent should be added to limit the
penetration depth. In the cement-based permeation grouting feasible zone, the concept
of a representative pore radius was proposed. The ratios of the representative pore
radius to the mean pore radius were obtained by performing laboratory test and
comparing with clogging theory; these values were in the range of 1.07 and 1.35
depending on the grain size distribution of the soils. In addition, a functional
relationship between the lumped parameter (6), the representative pore radius and
the w/c ratio were derived by comparing and matching experimental results with
predictions from theory. In the zone in which the accelerating agent should be added,
the controlling process of gel time to limit the penetration depth was experimentally
verified. The test results matched well with those obtained from theory utilizing the
developed grout penetration program on condition that the viscosity increasing
tendency of grout suspension with time is properly taken into account.

Keywords: Cement-based permeation grouting, Clogging, Lumped parameter,
Representative pore radius, Viscosity of grout

Journal of Korean Tunnelling and Underground Space Association

485



Jong-Woo Seo - In-Mo Lee - Byung-Kyu Kim - Young-Sam Kwon

AP O] AMLE 4% T2k R A EAS A A R 27 Erj2 Fof Qe vt e 1%
I2R9 7t 4o, AMLE A% ek | b 9, )3 324 S50 Gelo R TSI, AME 4% et

98 7Hs Feolxs i 7= TS ZES AlRteEAL AP E oA O] ot 7= HEx| 5o Theh thak 7= Hkx &
O] HlZ AAE Al wd] o] 22415 Hlweho & 18 4= QIglom, Qo] w2t 1.07914 1.35 7‘457} g2
T ARt Tt A 2 R A Anet o] 241 Blwste], lumped parameter (0) & 2] 3 7= HEAE2 A
E JF-EAS] BAER]| 2R E 13 4= Q)= TARS ARSI F2A4 23 2.8 g %9} Ate] 24
= et Aol AlbgS A o = S5 11 Addghe] At kg Ak W3t k5 A8t ol 2kt A
Aoh= 24 SRIstiT:

CERAY AF 4 BT S, Je9Ee)

o) 2 spAE et i ek 3] B8 e Ba e FAT A7 F710k Y TRl Uk Fe
219} 74]+1LE ﬂ%ﬂi Ak 194 Al R A A 8 el 0 R ksl el AL

=

A
ot o,

5258 :lﬂ’r% %—b” Oﬂ ot fﬂr“°1 —ﬂﬂi At Z1of) whet A e Al A ke
Sk 2 a et ATt S7Ea ol iRt 24 (You, 2011) 7} s e Eof| A o] Z12k-9-1 AAof| tiet 42| s A
2 AT (Jooetal., 2010) 5 A EDol|A o] T2k-E) 31 o] 2-8of tigh A7t g2l QIct, T35 FRtEd
Wl 12he8 A - 30 Al wet B ke " UG QRER O e S 7] AT 24 (You et
al., 2012)2 I 12k Al AR F =4/ 500 BIR= G 24 (Lee et al., 2017) 5 AR EEolA 9] 71

ol gt o] 24 T= |54 A A7t o 118 3401 ek, 19k A AP E Z]4tof| A 0] T1eke ] 5
O] Z]-gof| thigt o] 22191 A7 A X3 E] o] LItk Kim et al. (2009)-> 7Fg HH 2] 0 2 ARG = A|HEA
ZPE 0] 329 AFo] 2 gl ot 2|6t 1H=E 740} Q}J—Oﬂ 2 HE Z71e] oJsff A o=
= =il B SAF g H SRS et o] 224101 AlHIE T2 E Q] T HElS TESIG] E’r.

o
ofl,

I

i@i
&

o

Zt A5 E AT :’-E}—Or g 7to|E2elo] theh = n|gsk Aot E39k ]““E 13}0 E ¥ E%‘%
FYU A& o5 202 o]8o7] Qaliie 71221 AFERAL o] Qo i A% 2|gtef| el F7FA Q1 A =
AAFE 35t UFe] EJAof| n]x]= GadS TE# 0 2 1123 A2l lumped parameter (6) & &dlloF

486 Journal of Korean Tunnelling and Underground Space Association



Behavior of cement-based permeation grouting in cohesionless soil considering clogging phenomena

SRIELER Lt

]?_}_

Jol AFEE 7|

SEERRL

ZZA(Yang et al., 201 1)o]|4] A 4w 2§

il

AHIE k9B 0] 7]

/RO]-O

w/c=1.25 9]

Z1of|A4] lumped para-

1oL 247}

AYAS Aks

5

meter (0)°]] Th

o)

71§t o 2 o]F0{% 0 B & Kim et al. (2009)2] 12

= 0
==

;O#
O
o
Uk
g
_L,ﬁ
B
=K
ol
<
or

uig]
J

N

o]

o}, WA 72}

2 gt

JdekEe] M His), ek

o thga e

o 71 A

=4
™

g =271

olet. 5

=]

L\
-

]_

A

dA oz Alts

=20
=

A 8l 243

| A8t =2 = wslEo] 9k

N
N

7}

Sk

9] 9] shell 2 L}0] 18]

iy

S

shello]]

~

7), Z12]a! lumped parameter (6)2}

A5

KX
=

o] 9] shell

212k41 (1), 4] )2} 2o Ateick

o

(M

Qi,j = (WR?AZ) tn

()

_ 2

487

Journal of Korean Tunnelling and Underground Space Association



Jong-Woo Seo - In-Mo Lee - Byung-Kyu Kim - Young-Sam Kwon

o7, i $14], i ] ARES: OJRISH, R 0] 9, n AHHO| IS, T3 A 2= Hlshello] 57
olct.

How fn How ot
-
-l &z »
-~ L

z*

Fig. 1. One-dimensional flow of grout
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Fig. 4. Grain size distribution curves of tested sands

Table 1. Physical properties of soils

Parameters Sand A Sand B Sand C Sand D Sand E
D, (mm) 1.42 0.85 0.68 0.6 0.45
Dy (mm) 1.69 1.08 0.85 0.75 0.53
Dy, (mm) 1.95 1.35 0.98 0.91 0.65
c, 1.37 1.59 1.44 1.52 1.44
C, 0.81 1.47 1.70 2.02 2.73
k (cm/s) 0.31 0.12 0.08 0.05 0.03
m -1.625 -2.360 -2.815 -2.871 -3.382
b 0.3023 0.3329 0.5645 0.6169 0.3846
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Fig. 5. Viscosity of grout suspension with time

Table 2. Mixing ratio of accelerating agent and cement-based grout and viscosity function

Liquid A, 7000 ml Liquid B, 7000 ml
Sodium Cement Viscosity function, cP (40<t<60)
o 1 k
silicate (ml) Water (ml) (ke) Water (kg) w/c
3500 3500 442 5.53 1.25 p(t) =—0.4t" +79.26t> — (5.71 - 10°)t> + (1.81 - 10° )t —2 - 10°
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Table 3. Test results of sand A, sand B, and sand C

No. Sample | Dry unit weight (kN/m®) | Injection pressure (kPa) w/c Penetration depth (cm)
1 A 16.11 200 1.25 More than 115
2 A 16.03 200 1.65 More than 115
3 A 16.01 200 2.0 More than 115
4 B 15.59 200 1.25 33
5 B 15.60 200 1.65 52
6 B 15.58 200 2.0 66
7 C 15.20 200 1.25 1.2
8 C 15.18 200 1.65 2.5
9 C 15.20 200 2.0 33
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Table 5. Representative pore radii for sand D, sand B, and sand E

Before fitting After fitting . . (representative
Sample | wic Repress:ntatwe Mean pore radius pore radius)/
m b m B pore radius (mm) (mm) (mean pore radius)
1.25 -2.871 | 0.6169 | -2.240 0 0.1064 0.0994 1.07
D 1.65 -2.871 | 0.6169 | -2.240 0 0.1064 0.0994 1.07
2.0 -2.871 | 0.6169 | -2.243 0 0.1061 0.0994 1.07
1.25 -2.360 | 0.3329 | -2.466 0 0.0848 0.0689 1.23
B 1.65 -2.360 | 0.3329 | -2.472 0 0.0844 0.0689 1.22
2.0 -2.360 | 0.3329 | -2.475 0 0.0842 0.0689 1.22
1.25 -3.382 | 0.3846 | -2.480 0 0.0814 0.0603 1.35
E 1.65 -3.382 | 0.3846 | -2.484 0 0.0812 0.0603 1.35
2.0 -3.382 | 0.3846 | -2.486 0 0.0811 0.0603 1.34
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Fig. 7. Lumped parameter (6) of sand B (w/c = 2.0)
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Table 6. Results of w/c, representative pore radius, and lumped parameter (9)

R . .
Sample Dry unit weight (kN/m®) w/c epresenteztg;)p ore radius Lumped parameter (6)
15.65 1.25 0.1064 0.375
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15.80 2.0 0.1061 0.272
15.58 1.25 0.0848 0.417
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E 15.42 1.65 0.0812 0.41
15.42 2.0 0.0811 0.372
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Fig. 8. Relationship between w/c, representative pore radius, and lumped parameter (6)
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Table 7. Experimental conditions and test results (with an accelerating agent)

Dry unit | Injection | Liquid A, 7000 ml Liquid B, 7000 ml . .
. - Gel time, |Penetration
No. | Sample | weight, | pressure, | Sodium
KN/m? kPa |silicate, ml Water, ml |Cemen, kg| Water, kg |  w/c sec | depth, cm
16 A 16.23 100 3500 3500 4.42 5.53 1.25 56 92
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Fow |l
(&}
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E 6,000 ._-:"'.. Gelation

g 4,000 :.'.;—'" ------ measurements

©

2 2,000

£

0
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(a) Injection volume curve (b) Measurement of penetration depth
Fig. 9. Experimental test results (case of accelerating agent added)
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Behavior of cement-based permeation grouting in cohesionless soil considering clogging phenomena
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(a) Before applying viscosity function (b) After applying viscosity function

Fig. 10. Comparison of numerical and experimental values (case of accelerating agent added)
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