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A Study on the Grouting Effect of Ultrafine Cement in Rock Ground
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Abstract The grouting method is to reinforce the ground by injecting the chemical solution for the strengthening
of the ground. Cement grouting material has usually used portland cement for centuries ago, but the cement particle
size is large and the injection effect is limited. This study analyzes the effect of ultrafine cement grouting in rock
ground using 3S-1 grouting in rock ground and ordinary Portland cement (OPC). The results of tests were compared
and analyzed from the Lugeon test, bore loading test (P.M.T.), and injection (P-Q) test. The use of ultrafine cement
(3S-1) had a higher effect (K, 10-6cm/sec) than OPC. The reinforcement effect of 3S-1 was also confirmed. Ultrafine
cement (3S-1) was 4~9 times more injectable than OPC. Therefore, it is more advantageous to use ultrafine cement
(3S-1) than OPC.
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Table 1. Slag fine powder

density insol. ave. | fineness | moisture
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Table 2. Chemical composition(Unit, %)

item

SiO,| ALO;s |FeyO; | CaO | MgO | SO; |Ig.loss | insol| Gs
cement

38-1 29.8( 827 | 1.50 | 52,6 33 [ 19] 0.7 | 05331

OPC 2200 60 | 25 |63.0] 26 | 20| 3.0 [ 0.7]3.15

method KS L 5120, KS A 0602

Table 3. Property

A cement| - 5qy oPC KS
item
Gs 331 315
ﬁneness(cmz/g) 7273 3,170 2,800
w/c(%) 27 282
time of G ial(min) 220 160 60more than
setting
final(hr:min) 4:40 8:10 10below
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Table 4. Practicle size analysis(Undersize, Unit:%)

U o s e e | 2] e as|ea|
cemen (dso,4m)

381 [ 12.6]27.1|39.5{49.8|67.1]91.2| 100 | 100 | 100 43

OPC | 49| 9.5]12.8]159]20.7|352|60.5]|92.1|95.7| 183

Mic 3.1 73 (152]27.3| 50 | 73.9| 100 | 100 | 100 6
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Fig. 1. Test construction site

2000 mm 2000 mm

[OPC] [3s-1]
(b) Fault
(a) Weathered rock(BH-5-1) zone(BH-5)
Fig. 2. Test layout
Table 5. Test item
division standard | quantity remarks
boring NX 9 bore |® G-1~7, 1-1~2
. ® before injection : 2(G-1,7)
lugeon test 4 time | after : 2(1-1,2)
bore loading PMT 2 time ® before injection : 1(G-4)
test = after : 1(1-2)
injection
7 bore | = G-1~7
(P-Q)
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Table 6. Drilling survey

division BH-5-1 BH-5
14.0~19.0 10.0~15.0
depth(m) (weathered rock) (fault zone)
TCR(%) RQD(%) TCR(%) RQD(%)
rock quality
0 0 45 0
T maximum | minimum | ave. | maximum | minimum | ave.
joint interval
(em) NA NA |NA| 8 1 4

- Weathered rocks of
bedrock granite

- Dark brown, Severe
weathering

- There is a lot of cracks

- fault zone
- gradient 60°, 80°
- mix of rock and silt

characteristics
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Table 7. Lugeon test

before(injection) after(injection)
division
G-1 G-7 1-1(0PC) | 1-2(3S-1)
Lugeon Value 83 9.7 6.1 0.7
K(cm/sec) 6.74x10" | 3.95x10* | 4.08x107 | 2.92x10°
Table 8. Lugeon test
before(injection) after(injection)
G-1 G-7 1-1(OPC) 1-2(35-1)
obefl 17 32 A7) 7t FEAIR ] 7 F4(flow)
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Fig. 3. Flow pattern
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Table 9. Bore loading test

before after
division | (injection) | (injection) remarks
G-4 1-2(35-1)
E(kgfiem®) | 1.94x10° | 7.57x10° weathered rock(14.0m)
.
il = ]
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AL AT
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/ / / 2 A
an ey
D:ADHJX(W}:)a 3 b RAD\‘LIS(mm)
(a) G-4 (b) 1-2(38-1)

Fig. 4. P-R Curve
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Table 10. injection test(P-Q)
division | No. depth(m) rock remarks
G-1 14.0~19.0 weathered rock BH-5-1
OPC G2 ” ” ”
G3 ” ” ”
G4 ” ” ”
38-1 G-5 ” ” ”
G-6 " ” ”
38-1 G-7 10.0~15.0 fault zone BH-5

obef 3 11& 7F & FUANY Aol & 12+ & N&E WA ole] 18 63} o] Eolahul, o] o]
11l 2 FUmd & FTAL Aibore] W Aol zeigern a0 B2 @ WA 2w

L TYAIE AT FY AR FEYlA OPCE 3 (OPC, 3S-13) H|HA|S AAjalo] 7 A um
T 24.5 ¢ /m7F FAE QAo Z2n YAk AME(3S-13)

4 39

AL o B2 o= Yepdth Bgh g3l
242.8 ¢ mZ F3FY3ol 03] Zu|HA} AIWME(3S-13)
[e)
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@ : Injection bore
@ : Check bore

1-2

G5 G-6
Table 11. Injection(P- 2000 mm 2000 mm
J o [oPC] [35-1]
OPC 38-1
division Fig. 6. Test layout

Gl |G2|G3|G4|G5]Go6|GT

total(£) 124 | 98 145 | 1,060 | 720 | 690 | 1,214 0}?4] ¥ 13& }?3]'7] aﬂ 6 /\]“j% HH?(]Oﬂ EH?’—J' }\]_@

1
352 A2ste] ek Aol

injection( # /m) 248 | 196 | 29 | 212 | 144 | 138 |2428

cement(kg/m) 23 1.8 | 26 | 193 | 13.1 | 125 | 22.1

Table 13, Test item

Table 12, Injection(ave.) division standard | quantity remarks
o 38-1 boring NX 9 bore | = G-1~6, 1-1~2
division OPC
weathered rock fault zone * before injection : 2(G-1)
lugeon test 6 time | fter iniection -
injection( £/m) 245 164.7 2428 after injection : 4(1-12)
cement(kg/m) 22 15.0 2.1 injection(P-Q) 6 bore | * G-1~6

283
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Table 14, Lugeon test

No|  before after(injection)
rock G-1 1-1(OPC) 1-2(3S-1)
L\‘ji": 9.8 65 05
weathered rock X
135x10% | 971x10° | 9.88x10°
(cm/sec)
Lugeon 164 32 0.4
Value
soft rock <
3.48x10" | 757x10° | 9.76x10°
(cm/sec)
Table 15, Lugeon test
before after(injection)
G-1 1-1(OPC) 1-2(3S-1)

Lo v Lu.v v
w 2 92 16 By IERER]

_Depthim)
_Depth(m
Depthim)
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Fig. 7. Flow pattern(continue)
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Table 16. Injection test(P-Q)
OPC 38-1
No, C.w
rock Gl | G2|G3 | G4 | G5 | Gb
40 | 40 | 40 | 40 | 40 | 40
weathered rock(m) 60 | ~60 | ~60 | ~60 | ~60 | ~6.0 1:10
60 | 60 | 60 | 60 | 60 | 60
soft rock(m) 11y o1 <110 [ <110 | ~11.0 | ~110 | ~110| 7
obg| & 172 7} 3 FYUAIE Ao, i 182 &
179] 7t FYHmP) e BAAZ Baksto] vlag Zlo]
th FYAE AF, FeElAE OPCe A HiE
283 2/m7t F9o] Hoon), xn Ut AlME(3S-13)
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Table 17. Injection(P-Q)
OPC 3S-1
No/| Cc-w
rock G1]G2|G3 | G4 | G5 G6
total
62 57 49 529 | 487 | 492
(2)
weathered | injection )
rock (2hm) 31 | 29 | 25 | 265 | 244 | 246 | 1:10
cement
(ke/m) 3.0 2.8 24 | 256 | 235 | 237
otal e | 493 | 401 | 1,895 | 1,722 | 1,605
(£)
soft rock | "™ 956 | 98.6 | 802 | 379 | 344 | 321 | 1:7
(£ /m)
cement
(ke/m) 13.0 | 13.5 | 109 | 51.7 | 47.0 | 43.8
Table 18, Injection(ave.)
cement OPC 35-1
rock
injection( £ /m) 283 2517
weathered rock
cement(kg/m) 2.7 243
injection( ¢ /m) 91.5 348
soft rock
cement(kg/m) 12.5 47.5
4, 48
B AT kARl e gt AJHE(3S-13)
FUEIE B ATk o8 93] 1 7% 3
T-5o] Aled 2704 S AAgstal 7% hikANkS
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el 2 Ane @gue vany s
B 7|% S ohiieled A,
D) FUAE Ak, F5eke] 9 FAH Lu=83(K=

6.74x10 cmy/'sec) ol 4] OPC F¢) %0l = Lu=6.1(K=4.08
%107/ sec) = 1/104 % kel 24 AR E 3=
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