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Tab. 1 Chemical composition and physical properties of cement

"R/ WEERY WM MY ¥ /MPa
5 - MgO/% SO3/% cr' /% PRt/ i*'f ' # ‘ .T i

(grem™) (m*kg™) min min 1 d

29 <35 <5.0 <0.06 <5.0 312 221 304 22.4 432
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Tab.2 Chemical composition and physical properties of fly ash

AIBE2.6 um Ut S MERUER R
PeR®/% ALOs/%  SiOy% IK/% Cl'/%  S0s3/%  CaO/% B/ % BR/%
DUt o T SR ' i v ’ i ’ 5%  (grem®)  (grem™)
16 6.5 48.6 29.1 0.85 0.015 2.1 5.6 12 0.95 0.85 2.55 1.12

®3 BHGIBFE R AR RE

Tab. 3 Chemical composition and physical properties of expansive agent

— i3 BRI ]

o Ki% MgO/% Mii/oe WA/ BEEI4% e ————
(em™g") 008 mmHAR/%  1.25 mmiERHER/% ¥)%k/min  Z%E/min
=2 500 <72 <0 <292 <18 <0478 03 0.2 <0.009 =155 <245

WA L SR X IR BB BRI B A 0 . — SO0 R R/, 3 AR, TR, B
U, AERAE LA SIS TR T, R R R 2 AT P 5 2 A 3O P )38 B K e R0 B, DTS B K 30
ROV ACR o 8 B DR R AR A f XN [WT BC 4 e IR A2 5 SO 7 i, Bl A TR [ Fe LA Ji
HER SN vs /71 SHITUEZ 35 eS AP E SO 8T % 0 R i) A PSR E

I XA [ K [T L S AN TR £ | BB | R RI4E i B3R P 1006 L% 26b 8 1 145 6 BE 0,
I FZE I BC A LU A SRBOTF I B 3 WK, 3 IRIPEBHENE Ik 2 & 5 . 45N 4
RTINS

X 4 FEL T 2B nd A, B K I EE Y *4 TRRALHKESRROFBENZE
B8, A B BE R 98 BE AR U T, YK E R Tab.4 Viscosity and density values of expanded composite

B slurry with different mixing ratios

0.6 I, S LT AT, Apneli - REMEHE R m e wioce BEnE TokE e

BE, MK FE AN 0.8 BE A H) 1.0 I, 3 EL T B s BE W B B B s (grem?)
TR

B h 30.65%; FEE R 45 8 e, S a0 5 EE R 106 20 30 0 150
%E%Ziﬁ, Fﬁﬁ*ﬁﬁﬁfﬁﬁﬂ@iﬁﬂ, é’lﬁ{&ﬂqéﬁg 2 0.8 20 30 10 31.22 1.42
%ﬂﬂf‘ﬁﬂﬁid\)ﬁijﬁlﬁ‘]ﬁ%, %E%Z@d\, ﬂ’éﬁﬂkffﬂﬁ 3 1.0 20 30 10 21.65 1.36
0 AR AL R S MR g /N o 4 08 15 30 0 2647 143
WM IR S 220k e TR R B J5 T LB I K, AR B N s o8 20 % 0 275 w
HA KM, (H5KIKAAEHA P Ca(OH), &
N 6 0.8 25 30 10 28.34 1.46
He B, BEAE ARSI A TR B5 AN S IR ES r= W) . Hiv, S s w0 " o 3o e
TR AR FRES A1 K Ak SR 45 B AT B IS e %, AR ' 4 '
8 0.8 20 30 10 29.25 1.44

HE T 45 6 VR B0 3R B, O LR U2, AT L
BARF 43K U8, TR A A . 3 5 155 0 T A IR e
SRR AL, FLRLAR H /N, ELAT 6 VI 0 1 S 10008200305 2847 LS
5, AT B M 30 VU L, T B SR N 5 oes 200 30 10 872 1#M
‘Iﬁ\ ﬁﬁf‘lﬁmo 12 0.8 20 30 15 30.59 1.45
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Fig. 1 Viscosity and density of expanded composite slurry with different mixing ratios
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Tab. 5 Fold resistance of expansive composite slurry stone body
R e KW 53 - - -
2.1 ZLKEBRERE (Ee it _ _ TdbcdiR 14 iR 28 dhidTiR
At s e . o go KB B WK peavpa gMPa pEMPa
TR A 0 BT AT o B 2 ) A RE R S W 0% Wi% %
Bz —. DUKIRAE N EZARL BIRRILAIRE 1 o5 20 30 10 213 255 260

T A IR N B K R A A TR 7K [ EE B9 A& 2F T G 2 08 20 30 10 0650 1.153 1.675
Yorom R AL ML . SR H NJ-160 7K e 1535 1 $F 310 20 30 10 0397 0.695 1.015
ML, KPR =56 . B ShPTITR IR KRR 4 os

\ 15 30 10 0.990 1.495 2425

G SR, TEHCHE AL IE K U8 B RD i A 58 7% )
. 5 0.8 20 30 10 0.785 1.465 1.690

(GB/T 17671—1999) 43 5%} 7, 14 Fl 28 d Prifrim
6 08 25 30 10 0.645 1.323 1.600

AT, A R 5 Fin.

3 S AL K o g A R R A S T 0F 20 20 10 TOR e 208
R, F747 7 d 9SS A RPTHTR AR K [ LR 0.8 B § 08 20 30 10 0630 1317 1475
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TREBN 22, BRI R 38.92% . AIFIZKIE L AgHidT 10 08 20 30 5 0825 1.503 2.090
SIEJSELETT 14 d SR, Ja 6 B TRE 11 08 20 30 10 0720 1.475 1.877
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Yo BEA T RE AL, (H RS T2 I r 3, K46 AE
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GYHTER 6 T, B IR L R XS R K 52 I R 85 A AR () 5 AT — 2 s ), 6 A ) A K T b A%

15 0.522 1.265 1.555
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AR R B TRE o (HA, BN A 7E 2 08 20 30 10 293 312 421
—E AR AR B RN, BT LA BE A R KA 3L 203010229 242 304
BN, ST PRI LIRS 2 BTN pon b mo e e
5 08 20 30 10 36l 3.81 489

AR R B RTUB I KE . o 0 0 se e as
tBXﬂL%EﬁiE’JﬁT}T% uﬁl%j(, 7J( Hﬁy\ 0.6 E’HS@J 7 08 20 20 10 431 4.68 6.32
0.8 [ 58 B R HE /K [ LA 0.8 A8 AL 3 1.0 Ay R 5 § 08 20 30 10  3.08 333 4.86
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10% B, [0 B 5, B LB b B Ik F 3B B 7 10% 24 . BRI K 2 & R 45 41k 28 d
AT AT 1.0 MPa, FUIEREHI KT 3.0 MPa, fEil L KA R BB K ER
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Tab. 7 Free expansion rates of expansive composite slurry stone body at different ages

o A5y B H k%%
KIEL  iEE%  BEEK% B % 1d 3d 7d 14d 21d 28d
1 0.6 15 20 5 0.042 4 0.051 6 0.053 6 0.085 6 0.086 8 0.087 6
2 0.6 20 30 10 0.068 8 0.078 0 0.080 4 0.104 8 0.118 8 0.123 6
3 0.6 25 40 15 0.099 6 0.149 2 0.153 6 0.1872 0.198 0 0.200 4
4 0.8 15 30 15 0.032 4 0.070 8 0.074 0 0.086 8 0.089 6 0.092 8
5 0.8 20 40 5 0.024 4 0.036 4 0.047 2 0.050 0 0.051 6 0.052 4
6 0.8 25 20 10 0.030 0 0.051 6 0.062 8 0.072 4 0.074 4 0.0752
7 1.0 15 40 10 0.021 2 0.028 4 0.036 4 0.049 6 0.050 4 0.0512
8 1.0 20 20 15 0.025 2 0.056 0 0.067 6 0.0752 0.0772 0.078 4
9 1.0 25 30 5 0.020 4 0.027 2 0.034 8 0.044 8 0.044 0 0.046 0
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Tab. 8 Permeability coefficients of expanded composite slurry stone bodies with different proportions

e KELL L BE% BEKER% BB BKNIETI/MPa BEEBKE/mL  BEMNES  BERE100 cmsT)

1 0.6 15 20 5 0.90 1.000 3600 0.184
2 0.6 20 30 10 KBk / / /

3 0.6 25 40 15 ESUYIR / / /

4 0.8 15 30 15 0.20 1.180 1 800 1.957
5 0.8 20 40 5 0.20 1.850 1 800 3.069
6 0.8 25 20 10 0.30 0.810 1 800 0.896
7 1.0 15 40 10 0.20 2.065 1 800 3.425
8 1.0 20 20 15 0.20 1.290 1200 3.210
9 1.0 25 30 5 0.20 5.600 600 27.866

¢ 8 1] L, Bl 25 S BK &1 b B3 K, 7535 R B0Z i R, #E /K [ HL A 0.6 3 E] 0.8 IS fk it A B
o BHAIRTE 0.9 MPa B A" HH 825, 261 3T /K FRIA B e RIHA R 1 B T ; 44~ BB % 1)
JE 3 3EA AR, 38 i — s B T4 4 A K B 0T AR R B B B LIB335 R 8K 44, S#, oz id R4
BRI Stk B IR B D, BistEie s, 641055 28D, i LB R 20, ik
KB RE T, A IR B B RO T T4, 8#, o /K [& HLER R 1.0, (B o535 25U n -+
A3, A TH#, S#AH2E— BRSSO st S W KRB BB R BRI

WL AR A B KRG AR R0 o] 0, AKX R KBt tERE R A K . X R T8
IR Ak 0 08 7K U S, LR K AL =) T2 B R A LA S /D5 (1) Ca(OH),, H/KAKRY CasSiOs Al CaSO4 L3R
D, IR I AR T fERR R /KT8 CasSiOs HZKAL, THAE T CasSiOs /K AbAz il Ca(OH),, [t i ik 55 v
BG40 50 CaS04 S5 /KA AE B T 85415 J5 KA =9 5 AR R], th FRERK R P i — e 4L
S YA S 5K, KA A > B ESIA A . IR S5 O A B S LA 3 78 T 3553
BAWMIZEIR, Hem T2 A RRB0RE, 238 TENRUE M IKECR, Y9 T RIS AR iyis e,
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Experimental study on physical and mechanical properties of expanded

composite slurry

MA Bo'"?, LEI Jinsheng"?, TU Baolin?, DAI Kang?, CHENG Shuang®

(1. Hubei Key Laboratory of Disaster Prevention and Mitigation, China Three Gorges University, Yichang 443002, China;
2. College of Civil Engineering & Architecture, China Three Gorges University, Yichang 443002, China)

Abstract: At present, ordinary Portland cement slurry is the common grouting reinforcement material in water
conservancy engineering. In view of its poor fluidity, high drainage rate, low stone rate as well as its low strength and
poor permeability performance problems, based on the preparation of different mixing ratios of cement-based expanded
composite slurry, we adopted the single factor controlling variable method and the orthogonal experiment method to
test the viscosity, density and mechanical performance of stone body. The experiment results reflect that adding fly ash
could increase the workability and fluidity of slurry, and the bentonite could improve the stone rate of grouting and
slurry stability. At the same time, bentonite also could reduce the drainage rate and slurry fluidity. The slurry mixed
with bentonite and fly ash got improvement with its fluidity and stone rate, but the stone body strength was poor in the
early stage. In the later stage, its strength was mainly supplemented by the hydration of fly ash. Cement slurry mixed
with appropriate expansion agent had a great influence on the expansion of the stone body and could also improve the
anti-permeability of the stone body. Consequently, reasonable selection and control of fly ash, bentonite and expansive
agent can obviously improve the grouting effect.

Key words: grouting material; cement; fly ash; bentonite; expansive agent; anti-seepage reinforcement
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