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Study on permeability and microscopic mechanism of cement-water
glass improved silty clay

HU Yangyang?, LIU Yinfang?, SU Deyin?, GUO Yimeng!, ZHU Bitang, HU Chunhua*

(1.Key Laboratory of Geotechnical Infrastructure Safety and Control of Jiangxi Province, East China Jiaotong
University, Nanchang 330013, China; 2.Fujian Geotechnical Engineering Investigation and Research Institute
Co., LTD., Fuzhou 350001,China)

Abstract: Cement-soil mixing piles are widely used and have both bearing capacity and impermeability, but leakage
accidents occur frequently in some areas with abundant groundwater systems. In this paper, the effects of cement
content, water glass content and curing age on the impermeability performance of silty clay were discussed by indoor
penetration test, scanning electron microscopy (SEM) and X-ray diffraction (XRD) test on the typical silty clay in
Nanchang. The results showed that the permeability coefficient of improved silty clay decreased at a rate of 3 orders
of magnitude higher than that of 14-28 d at a curing age of 7-14 d. With the continuous increase of cement content,
the permeability coefficient of improved silty clay decreased and the decline rate gradually decreased. The increase
of water glass content can significantly reduce the permeability coefficient of improved silty clay. Cement-water
glass can synergistically improve the impermeability of silty clay, and the optimal ratio of 24% cement + 6% water
glass has an optimal dosage. Compared with the improved silty clay with single cement, the incorporation of water
glass did not change the main phase composition of the hydration product, but promoted the hydration reaction,
increased the yield of hydration products such as C-S-H gel and C-A-S-H calcium vanadite, and greatly reduced the
number of pores and fractures between soil particles.

Keywords: silty clay; Cement-water glass; Microscopic mechanism ; infiltrate;

Wk H . 2023-02-17
REWH: MRARBYESHE FHE (No.4197229) ; HZF H AR IS E S HbR&1ER A H
(N0.5202010500)



5l

T

IKYe L BEFAEBOARAE T TT Y TRE
R ARG O AR it T 5, (H
7 SC Bt T3 2 v B B SR T RB K
iR R . i B AL AR R P BT 5L, 2
JLUAA ot L O SR R = Bt K
AT AIAETN, SRAKYE LR pEE
TSP AR AR ME b AR, it S
R TS S BT A SO R T 1)
ARG T SEbrit TS A4 I F K, TR R
— A A LKV N RIS R FB E
FE AN P AN BE ARG 1 ZEOR N I H A g
R, AMECLUABITOHACR . B, dnf
E By I 6t 95 3 R A TR I 42 ) K T
BN T TREFHEAR R A L

WERCAIRH, K LPuEIERE2Z
KB KIKEG, FRAP S, MBS
PIR RO 2 25 . R 1 2 = N BRI ILE
MORPE B BVE ML A, 1R T1E 2
FHIM . BRITRMSESS 1K -9tz 6e
N EHAPEEE T EBRRKARE, REE
R ILZE Z DGR BN AT 3 7K AL P 1 )
AT AYIE) s G HERIRE S K e L AR
F B EXNEEVE RIS T IR R PR
G ISR 3 W0 I I\ TR R B 2K ) K
WARAVEH, A2 KA RS I A AL . L IE
T B K -+ 1095 3 A KON IR Bl 5 A7 1E
TARRK AR, FFH 5K & R 2 1A
KR Fo FERINEFIRBI TN, A DEE R
B, AKBERE 5K I H ) Ca (OH) 2 [
A R g 9B L RO RERR B K &) (CSHD
HER, WEKJE LR Z LA, IREmptistE
(I 1, X L HF 72 G AR AR AT LAOA /K Y8 -/K 3
IR R R RSB SR A T4 L.

AN, V2 A I A BT (SEMD
XRD ZE R385 7E 70 A AN R K e 15 &
AR T K e £ A RO S5, IF
15t LM LR o 25T ROOVR Bl e 45
N JE T B KA 7 4 RT R &5 - R I 31 78
TALRR. Ry MR ISMBFIRIAN, A
RE AR K Y B = R R R AR 2R A, (BT
PARA KA P B SRR, B3 HY)
B, R R R A LSS R RN FLAR S0 A o
Whe e CL21 25 30 o S 36 T 70 4 L R ARV R ) 45

eI AE R Ca/Si KA, BN KR 11
FLBR R, HhaRPrist. B RIS HK R
51 Y RN R 68 B = 2 n] V2 08 R AL
R/ o B 1AL 5 SR B AR 4>
AT T BRI K LR R (W R AL
i RE R SV B A5 335 (1) 4045 751 AT A ik 45
AR REE. KR, BEE Rz,
HAERE, el R LEpiErtae.
Kulkarnil 61554 H 520075 12 26 1 R 22 07 R
BAYE> Y > A4 RSE>Talbot #5
B (HERANFRER R EE ) .
Horpibulsuk 745 22 3t {56 43 7K Y8 &% = ]
F ) BH 5 A2 4 ok R 51 RS 1 2 - R 11 )
B, NalbantogluM8I7E i 7t 42 a1k SR K
BEAT R MEALEE, HTie 7 HERCE, 7Rk
565 3ok R H R U BH B AE R AR R s R T, 4
IS T B AN L . IX SR 5 AT LK TR
- 7K B3 O OB o B IO AT A AT SR i
JIE%

YTk, ASC AR B ALK AL T
TR R, K FHKBEEE e R /K Ve A2 i
FLbrs RS, BT A FIK R
KB B RN ENBERE, AT
IRV -7K BB 52 4 o BB o 3 b s s R
R B O AL ER T,

1 R RFGE
1.1 RIG R
(1D A&+

PRIG ] HHE RS ek 45 2L L H
ui YT, WK 1 AR, 20 RE R
t, 2% NIRENS B )RR R 1
BT o 25 RE I3 BB 03 26 b FR AR AE O HR
A, SER N FTECE RN, ORI
105 CHET 8 /MEFLLE, ffhAEsea T4,
BRIESE, i 5 mm 5 LRI R AR —.

(2) W58 H FEFE b7

KYe (Cement) iy i fif: B2 3k 7KV
(P.O425) , FEAL 2RI WA 2.

(3) I HME

JKIEIE (Water Glass) | FERRANKVETR
SLEERRPVR, 5% 2.23, LR LFE.



B MEHLREE
Fig. 1 silty clay
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Tab.1 Physical parameters of the test soil samples

. . Angle of
Water Wet ) o Compression  Compression . ]
Soil . Porosity  Liquidity Cohesion internal
content  density . ) factor modulus o
sample ratio index (kPa) friction
(%)  (g/cm?) (MPat) (MPa) R
)
Silty clay 12 1.801 0.801 0.309 0.284 6.373 34.680 20.529
xR 2 KEEERFRS
Tab.2 Main chemical composition of cement
Detectives Ca0 SiO2 Al204 Fe203 MgO SOs LO
Ingredients/% 59.68 20.35 5.87 481 3.67 2.13 24
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Tab.3 Baseline ratio

Soil
Cement slurry
samples
Name Water-  Naphthalene Sand
Water .
cement water doping
content )
ratio reduce rate
Dosage
12% 1.5% 1.5% 20%
level
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Fig. 3 Effect of cement content on permeability

characteristics of C-WG improved silty clay
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Tab.4 The mass fraction of the main substance component

In situ Baseline

Type of specimen ) 24%C+6%WGgroup
Material composition soi group
SiO2 47% 52% 45%
Fe203 15% 11% 6%
Al203 14% 8% 2%
MgO 7% 3% 1%
Ca (OH) 2 - 2% 5%
CaO - SiO2 * nH20 - 4% 6%
3Ca0 - Al203 - 3CaS04 - 32H20 - 5% 12%
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