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B OB AFERITAG LR RBEAR P FRAMFAEEERERREKEFLRM TG T A
RHREGFRFE, AT ALACE R A LD HAILK 55 ) FAF e TAHUE, RAER
K3 3D-XRM %% SLB-1 B =45 b a5 b EG XA F B, A ESMN TFERB LN
WAL AE 5 ik A4k LR FURIRE K A 200 TACHLE KT8 AT ik A 04 e 30 Sk RO DR B
BB, B BEACH), T LR 5 A R R ), BE 45 R A KA 80 R kit R
BA S A 4 AN B, A0 G SRR e R B B R R AR AR R B, SRR
2 52.56% ~99.46% , ¥ T AL E 5, ELALIR 9] 64 238 1 2 430 50 57 ALk e 42 B LR AL A L
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Study on mechanics and micropore characteristics of chemically grouted sand

YUAN Shichong"*? ,ZHANG Gailing'

(1.School of Resources and Geosciences ,China Univervsity of Mining and Technology ,Xuzhou 221116, China;2.North China
Engineering Investigation Institute Co. ,Ltd. ,Shijiazhuang 050021, China ;3. Technological Innovation Center for Mine Groundwater
Safety of Hebet Province ,Shijiazhuang 050021, China)
Abstract : Chemical grouting is a common method to prevent and control water and sand inrush disaster in coal mining face caused by over-
lying thick unconsolidated aquifer connected with water flowing fractured zone. In order to study the variation law of micropore, permeabili-
ty and mechanical properties of chemical grouting consolidated sand, mercury injection test, 3D-XRM system, SLB-1triaxial shear per-
meameter and uniaxial compression test are mainly used. The variation law of pore characteristics, permeability coefficient, uniaxial com-
pressive strength and Protodyakonov coefficient of chemical grouting consolidated sand are emphatically analyzed.The chemical slurry used
in the experiment is modified urea formaldehyde resin, oxalic acid solution is catalyst which can adjust and control the gelation time of
chemical slurry. The main conclusions are as follows: the cumulative mercury curve of the sample is S—shaped, which can be divided four
stages, namely slow mercury entry stage, accelerated mercury entry stage, decelerated mercuryentry stage and stagnated mercury entry
stage ; the mercury removal rate is between 52.62% and 99.46% , most of the pores are semi open with poor connectivity; the pore filling
rate is higher and the impermeability is better near the slurry splitting vein; the average permeablity coefficientof the test samples is 7.23%
10%e¢m/s. According to the grading method of rock “s Protodyakonov coefficient, the chemical grouted sand can achieve a solid state,
which hardness of loose sand sample has been significantly improvedafter chemical grouting, and a good effect of sand consolidation and
seepage reduction can be achieved.

Key words; chemical grouting;mechanical characteristics ; microscopic pore ;mercury intrusion experiment ; tomography
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Table 1 Grouting process parameters

BREAR,  HSEE, O BREE,  BERENR, ERE/ BIGEE,  EREESE  RERIES WHIET/
cm cm (g+cm™) mm kg (mPa - s) (mg- L") TR FR L MPa
58 90 1.62 4 4.5 12 5 4:1 0~4

TG 5 SR KR B A 2 R T D AR A
ik, OB AOIE SRR NP 2 s, &1 2 AR
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Fig.2  Morphological characteristics of chemically grouted sand
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Fig.3 Sampling location of mercury injection test
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Fig.5 Relationship between mercury ejection rate and distance
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Table 2 Pore size distribution of chemically

grouted sand

FATHEREE/ (1074 mL - g71)
AL KL PAL AL Rl

Hi'T FEE/cm

3 0.5 566 724 418 136 13
4 0.5 508 610 425 116 8
1 1.5 407 283 595 220 19
2 2.0 450 587 348 14 0
7 2.5 749 626 279 85 9
8 2.5 1524 215 82 17 21
6 4.0 762 512 234 20 7
10 4.0 1652 152 28 5 0
5 4.5 1223 334 87 39 4
9 5.5 850 415 303 72 1

T A RAL(>10 000 nm) ; KL (1 000~ 10 000 nm) ; H1$L (200~
1000 nm) ;3L (30~200 nm) ; #FL( <30 nm)

Wil 5 2R 5 25 HE B 3G I, RAL AT R AL B FL B
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AEH T, BRI 0 4 em BB AAL
LB AR K, AL R AL G i L AL FLBR
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Fig.9 Results of image segmentation
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Table 3 Permeability coefficient of chemically grouted sand

BB/ cm 0.5 1.5 2 2.5 4 4.5 5.5
BB R
(10%m - s71)

MR 3 AT DI HE A RS Y
FRESBYIGIN 535 R BORWHE K, B EY B
BITE 2.5 em L AT B0 RABEIRIG TN, 5 5T
LB B FESENE L VIAOC . 83 i, 2% B2 0 1.60
g/em’ EERPRE B 1 R BN 2.35%107° em/s, 15 5]
PIALZE IR R P FE S i R BT 3BE Ry 7.23%107°
em/s, A ULAR2AESR AT LB B4 5 BT B TR, Ik
IINFLIREE B AL R] 3% 3 PR
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Table 4 Protodyakonov coefficient scale!

1.16 198 8.26 9.08 12.72 16.68

18]

25 1 T WG RE
I | 20.0~52.0
I Jew R E 15.0~18.0
Jili I [3] 8.0~12.0
3 % e

1) BERER M2 5 k2 28 S Bk,
Ak 4 BB, G2t R B B (0~ 0.01 MPa) il
HFER BT EL(0.01 ~0.30 MPa) I8 ik R 5 B (0.3~
10 MPa) {5 KB (=10 MPa) .
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