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Abstract

To enhance the performance and engineering adaptability of shield synchronous grouting materi-
als and to address the urgent demand for high-performance, low-pollution material systems in
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underground space development, this study, based on the actual working conditions of the Taopu
Sewage Treatment Plant’s preliminary rainwater storage project, developed a fly ash-based two-
component grouting system incorporating water glass at various dilution ratios. The objective was
to systematically investigate the influence of dilution conditions on the grout’s rheological proper-
ties and microstructural characteristics, thereby providing a theoretical foundation and engineer-
ing reference for the optimized design of shield grouting materials. Through a series of experi-
mental evaluations including bulk density measurement, setting time determination, consistency
testing, and unconfined compressive strength assessment, the regulatory effect of water glass dilu-
tion on the workability and early strength of the grout was comprehensively analyzed. Furthermore,
X-ray diffraction (XRD) and scanning electron microscopy (SEM) were employed to reveal the influ-
ence of water glass concentration on the mineralogical composition of reaction products and the
compactness of the hardened matrix. The results indicated that the dilution ratio of water glass had
a significant impact on grout performance; a volume ratio of 9:1 (water glass to water) not only met
the comprehensive technical requirements for shield tunneling—such as density, consistency, set-
ting time, and early strength—but also effectively reduced material costs and minimized the envi-
ronmental burden associated with excessive use of water glass. While the type of reaction products
remained relatively unaffected by water glass concentration, microstructural analysis showed a pro-
nounced influence on the compactness of the hardened structure. This study offers theoretical and
technical support for the development of high-performance, environmentally sustainable grouting
systems suitable for shield tunneling applications.
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Figure 1. Overall plan schematic of the initial rainwater storage project at Shanghai Taopu wastewater treatment plant

1. Eapkimisk B YIAmKEE LR AT EREE

BT ER TR, HIER|H AT E N A RER L KR 3R S 2 R IE it T 541,
Al 25 5 S b TRE P AR ER G M BCAL B 225K, R /s RPRERP R, 8k o i H R AT R R TR
IG5 ] AHIE T 35 PR AR (A 805 /K BE(B B0 XU, XA R B AR LL 51 R ik g
BEATIRIGHT AT, e LTI R HEREI R BIREC & b, DASE s s Y &, oD 5 A e L R e )
RPN 5 A A
2. REHH S
2.1. R

ATRRREREIE 9 Av B IR, Horh AVED . BB k. it KR, Hrp AR
AL A 1 Frs. B SR TALGOKEE, 408 2.3, pH v 11.3. BiRS A AL 1:10,
T ER R GLFEREIE, X B GATREE, FUARRERLN 2 B
Table 1. Mix proportion of single-component grout A liquid
=1 OBER A REALL

(g) K(g) KK (2) [ 2R Fik(g)
1888 520 480 80 128
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Table 2. Volume ratio of B liquid to water

2 2.B iR, IKEREIAFTREL

G5 B AR L MR KRR L L
M 100% 0
M2 90% 10%
M; 80% 20%
M4 70% 30%
Ms 60% 40%
Me 50% 50%
M7 40% 60%
Ms 30% 70%
Moy 20% 80%
Mio 10% 90%

2.2, MEREESK

ARG 25 & 2R BEIE i T SEPR TR, WoE AR R Hl bR T . JRARLLE N KT 1800
kg/m?; A WEWIGEHAFEIEHITE 9~10 cm; TRA ZEARBIWIEERT [A]/NF 30 min; JoMU R T H 55 ZoRAE 2 h it
AT 0.18 MPa, 3 h #IAMET 0.3 MPa. LidFebafE AARIE I FEAERE e ikHE, AT SRR
5 MR T .
2.3. EEE

¥ A RS BRIGHE IR ESA)E, SAIBUEERBIENTSCHRER | L ArdEEE, AR
JEE DA KA. BEEE TIRsIE LIRS 1 2080, DUBBRIIR P RS IER R T o HERR 3 s, 7B
BEfE, BRREEERE, IRTSHEREFEESAERE 1 L B TR R E. REiZRasETH
BUTEBERILLE, HTIMERRE R E S 5EFERE

2.4. ErEEtE)

Z 8 GB/T 1346-2011 COKUehrAERE /K E . BrESI R 22 e MR 7D o 5G T dkah i 1a) )
FHRTER, SRR Ay B RS VRC B AT TS AR L RE I TR A T i I U0 e 2T 18], PP X
TR R It i R FLAE S B TR L w9t T T B, Do e HOE B8 i A it T AR
AR PR A .

2.5. HERFEEREE

ZH8 JGI/T70-2009 ZRSURD I FEARNE RIS T IEbRUEY PR TR RIS RIA S E, 20Xt A VR
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I -

2.8. R T RBHE

MEEAARFEATEORE, HAEARIR T 551t T AR S e 70 0, DAIRE G PRI 7K 43 Bk B 5l FL - 2 A5 3L
Ro AR 4 JE U ACERE i R I AR — 8B SRR, DR S 5t 2 0 005 f it IR Ha A
FREAT R I BRI A . Hil 5E a3 RS 4 f 7 BN (SEM, ZEISS Gemini 300)X ¥ it A 4O
SER AT ISR .

3. BRE5 SR
3.1. kkE

B 2 AT 0L, KBS EEATAN A E B AR, L b o 5 A R AR A B 0 g PARAEG o K B 3 S5 AR R /K A
FHEE A 10:0 3] 8:2 (XK L G m, 7E 2122~2133 kg/m® 2 18], R RNy, 3+ HK IO T
mTKIIE R, B KB LB N g m B E . mTE 1.9 2 3.7 MR L ER N, 4T
1889~1920 kg/m?> [A] . LY HE 13 hn 58 B S A4 rh [ AR o i & s g i, el R 15 /K B 5 K b g, s
R, P DR IR AR BB I R AT BE, DAV R AN A TAR BT oR o WK 0 28 52 B vl DL I BE B 48 A
SRFIWT . v I b HE R AR B B EOR, IXANUCE B T3 SRR R e YA BSRE ), IERERT
IEER R B E IS, W R 5T, BhAt, =L AV AE S SR AL B R I 78 T AN 47 )
BSLE, SRR B AR AR RE ST . L EE EAR K RS RS AN, L REE T A IR
HFRXIREIZBR[6], MM RSER . A7 i R X S T 2R, 8RR LLE R ST 1800 kg/m? [7].
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Figure 2. Bulk density of two-component grout with different sodium silicate proportions
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Figure 3. Setting time of two-component grout with different sodium silicate proportions
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3.3. MERBEERAR

K 4 aTCUE Y, BEE KB LLG BN, OB AR BB AR, 1A L S R B AT I 9146
A WM FERAFAE 9 emo £E 1:9 ELBIR, XOBCRMIMEN 7.5 cm, FEZHIRFN 17%, RUEZFEIK
IRPEIREET, FARTIIRREF T BRI S EAN BRI e B 2k o BRI, B /K BOIVR EE A3, XL
RBEEZ @R, EE 10:0 LB, SGRSEMED 3.15 cm, BRI IEINE] 65%, FARKGNE
BEER. FIRERIKBIER R T RARARE, (RS JE RS, I B2 I RERR AN AR 25
TERRAR I T 5B ) Ca? 88 7 OB FE 73, T BRI RERRE (C-S-H)B L 2, XA I fie s 3L 18 A S
W, P BARXGR IR AN YE, TS B0 BEREAR . X PRI SR T AR IR AL, = iR K 3K
I FECE R B ERE, ERARR AR 40, Rah R R 1] [12]. AW TREN A L
KA, 38 2 O AR L 453 5% A0 T A A AR 28 PERE A8 OQ B2 13 ] Bt ih WO A I 7 EEAR Al FL A
TRERABOKBIES A BTG, DOERIRAER G TRCRAFRERE .

DOI: 10.12677/hjce.2025.148224 2068 TARTH


https://doi.org/10.12677/hjce.2025.148224

R

10
o o O [m] o ] ] m] m] o 80
9~
8 -
[ |
ke S
_ " P 160 &
S 61 . * o A%ﬂﬁ@f 'J:]\<
ﬁ,%( . . y m A+BHEE =
" N {40 8
4 ¢ . BE
. * R T
x
24 * 120

1:9 2:8 3:7 4:6 55 6: 4 7:3 8 2 9: 1 10: 0

KB K

Figure 4. Consistency and consistency loss rate of two-component grout with different sodium
silicate proportions

4. TEIKIHEE SRR IR E R AR E IRk R

3.4. FMIBRHTEEEE

5 NAREIK B ES 5 EE SRR S A RBRE . 2. 8. 24 h XU S5 A R B B WM BE HL H 35 in
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Figure 5. Compressive strength of solidified grout with different sodium silicate proportions
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3.5. EAkE

K 6 JKBIEMBEEL Y 6:4 R 9:1 fas ik X SFFERATH IR, Horh A Se MnTa IE BN . R
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Figure 6. Phase composition of solidified grout with different sodium silicate proportions
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Figure 7. Internal morphology of solidified grout with different sodium silicate proportions
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Ca(OH)2+ Na3A103—>CaO-Ale3-HzO (C-A-H {giﬁi) +3NaOH (5)
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W, TR ER K TR AR 20 303 JO/ME[23]. BRI, AR TUIR R 10 A B RNR A B AL G5 7 ST 140 50%
VR K B AR ems , FT 5 v/ S 1 B o o P s ARG FL T 2 A 2R o FR B R I L 49

TEFRBER T T, 4 MRERR BhoK U8 R P 1 A b — S BR HETCR 20 560 kg [24], Rtk 2 AMHLBIRIA |
—EANF . BEIHECRE L) 5 N ATEHE 20%. 5% 17%, ARELHH KR Tl AR Ay S R B e 700 e
b ¥y e HETRCREAE o TR HEAR N A AR S Tl [ R B Y AL =0, G 7 F AR LA 2> 7 b R AR et
PR, T30t 7 0 HE 3R R PO BRI 004 o WA, /KB T T 2Rk B e 0 R P4
PR - R T /K PO R o 25 L FTIE AT 50 8 ) SR 26 1 2 fE AR B ME RE I AT T, S A
FRAR JEE AR 5 1R 5 K B BRSNS (O U RIS FE S T B35 (B 38 SR B A AP I, R I BLATF I
TR 7).
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(3) FRERAEIRA R LEMH . Mk e KB A BARI R, SR w1 HAE R s
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