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Experimental Study on the Grouting Properties of Polymers at
Different Dosages of Modified Curing Agents
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Abstract: Aiming at the problems of high viscosity, poor injectability and insufficient diffusion
reinforcement effect of traditional grouting materials, the polymer prepared by adding modified amine
curing agent into waterborne epoxy resin was used as a new grouting material. The grouting performance
of the polymer was analyzed by setting time test, viscosity test, unconfined compressive strength test and
grouting diffusion test. The unconfined compressive strength test, splitting tensile test and SEM test were
used to evaluate the improvement effect of polymer on the mechanical properties and microstructure of
sand samples. The test results show that the polymer Pb100 exhibits the lowest initial viscosity, the
longest operable time and the maximum 28d compressive strength. lts diffusion radius, diffusion height
and effective grouting amount are better than those of superfine cement and water glass. The compressive
strength of polymer solidified sand increases first and then decreases with the increase of dosage, and the
optimal dosage is 20%. The splitting tensile strength continues to increase with the increase of the
content, and the optimal content is 30%. After polymer cementation filling, the overall structure is more
stable and firm.
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Fig.1 Accumulation curve of sand diameter

gradation for test

1.2 HXME

IR = R & 4 A5y, Ao AN
ZKAT-101 /KR E R, B 183 ~ 194g/mol YR
U4, 110°C,3h &4 N R AT 0. 2% ,
TE25°C F&E N 10~ 13Pa - s, BHLA S H A
0.001 244/100g, 204> B 4 ZKAT-1.301 Bk i 2%
AL, % B A (1.06+0.03) g/cm’, 25°C T & <
2 000mPa - s, /K 10 £5 5 pH {HK 8. 03+0. 5,4
S ANt 0.3%, WUk A M5 (200+20) g/mol
ANERYEH AN (T5£5) %, D50 C TR, sy
S kK, 153 D RAREER (R ) ,25C T %
FEH 0.98g/cm’, B A 190mPa - s, B {H N 600 ~
630mg KOH/¢g,
2 REHE
2.1 RBHE

AR 32 EE T PR K AL R 48 R R A X
FRYIPERER S HE R YT A L b DUk e 2
FALA & o B i, A 7 & AL, mRY
WA I 1 B,

*1 BEWESET

Table 1 Polymer ratio design %

B e 53 A 414+ B 44y C #4143 D
Pb70 100 70 200 4
Pb100 100 100 200 4
Pb130 100 130 200 4
Pb160 100 160 200 4

2.2 st
1) BEL I )5

SR FHBIBR 200 5 R B IO A UL A4 3R 1
Bo & FEIR A, ST B BEFE LA PE 3min 232 ;{5
NBERRHEA TN, 00 % B (8] (8] B D Smin 0 7 B 42
FRBURHBERT , ELZRBEMMBURE 2 900, 27 i R E R



2026 No. 10

Pl 5% PR R RS B R R R 5 153

THTORARE R~ T8, D00 DA Sk 3 5 2 0o R 5 L, 10 Sk
SEW ] (B 3 4 PATIR S 1 P 34ME)

2) FEIRE

WA o3 R T A LR A PR 4 5 J5 81 A b
B, 2RFH NDJ-5s BUECF 26 2T 52 I id ok 5 R &
JE, BEH 2 5567 7R 60r/min, I 5E B A] [ B
A Smin, 245 E AF] 500MPa - s, iRI04E R .

3) e FRATC R 5 5 i

i RYIAEHL LA IR A B R BIABLE 1d
JE AR I AR IR B 25°C TR 80% 1Y SE R4
I, R IAE 1,3,7,14,28d B B Wik Rt | ik
A7 6 ) R T 5 5 R 50, FE 0 AL 2R R
1. 5kN/s, 4 5 22 1 B 0 T 284 25 ook

4) FERY oA

Xk L JR W 5 A% G MR OO Y 2=
S AARILL0.2,0.3,0. 4MPa 1E8 3 8 1 3¢ s 7 it
P25, I DA 40 7K e FK 38 384 S % B4,
EBYIK IR KR L 12 1 JE R, K
BB IR I 43 B 7 % A R s TR VLA Ay e o
FIGKBEEE LR 1.5 0 1RSI IR,
TESE R SRR 5T B AAE I RE | 3 Fh KR T
R dkg, MK R RS AE T E (B R, FT T I
FIFEA TN A0 vk i ) R e it Y it
() I8 2] 2min B8 4 AR A 2R AP IR 2 Uk, 24h J5 42
A AR T RO & TR Al 2 o,
L 400 . 400 , EERENV ek

1 1 iy
| j S J-
- I
= E
[
JASSAN
385 =
(4 l:::
gl |2 HER
AT §
30 |o
& 2L
R

2 EXRiEE&
Fig.2 Grouting equipment

5) EfkD Iy 2 e g

U 55 2 B, S R W48 35% i HfE DL
K BRI N 15%,20% ,25% F1 30%' 2 %4k
FESRY 1d Ja A Kl bE B FlE e e bRy, ik
FEFRLE 1 W I, AT T B 470 e 5 B 3 56
FEAHUINEE A 1. 5kN/s, 25HRE A 2 10 H P
FRRAF 25O, BSR4 R 3 41T Y
FIIAE,

BRI RE (VR F5 40 5 P o B i
PRI . TR0 o S0 B 1 A 0 I e B 2 B b ik

B VERRHT — AN AR AR 0 B R FL I e R, D
1. SkN/s W fin i hin e ) 22 RE IR, 1l 4h
T3 AT P I (EAE Sy AR b P4 o B
R R R R R A R BEAEAE BB MR T ik
FE B S4BT H7 0 B2 (B >R HIME 1E J5 0 B 2440 4 98 FE
AN

6) SEM WU i 56

XF AN RAE ST ) 2200 I, 1R B A )
ARFE it T ROV L BE 9 4, AT [T AR D A AW 235 44
XL AT
3 REERESH
3.1 PR S 1 AR R X v SR R R R Y

Al

1) Xt 5 Ry 235 5k 8] 4 52

I A7) B 0T i SR A BRE 2 N [) s e n 11 3 o
TNo FHEL 3 AT, [ AR B 6 o BR R BR T Y
T0% 5}, 755 5 )k 5 1) (8] R 320min , 177 24 & 46 7] &
HHRTE A 160% I, BEL5 I 6] 4 98 2 97 min, 4 Jal R
FEIE 70% . XS HH T SR W) Bt 45 [ 4k 32 SR 58 2R
SRR rh Y A AR AT 5 R b Y T v R A R A
SV R AR B T 1 — A IR 28 2548, Y i R
AR AR 7 BB — e i), AR 7] 5 3, 3R 4R
T} fi 5 1Ak 79 43— 1) AR AR FH A MEE SR R s L
2N NG B 7 O A Bl el AN R P 1
S, AT B A A 1 Ak T A 5 B 2 B T, S B0
Ry [ Al BE LS B N TR I I, k45 e () 406

400

350 F
ol 1=729.92-7.42x+0.02x>
L300 R=0.998 11

E250F
= 200 Lo

150t h S
% 100} .
50

0

70 100 130 160
FEbFIBE %

3 EMLFISEXT SRR YA L i E A 220
Fig. 3 Effect of curing agent content on the setting

time of polymer

2) XoF e SR FE B () ]

1R R WAE AN [F] B R 7958 5 T 9 26 R B A il 2k
K 4 firs .,

F L 4 mT T 388 o A 70 5 o X i R LR
FESRE B B . Pb130 i Ph160 i [l 4k 7 & B %%
i, IR AR 205 AR 437 B2 Al R R ot
I, R AL 2 B TG, BRI AR B, P70



154 s THAR (330

555 &

700 _u_pph70 —e—Pb100
600 A Pb130 —v—Pbl160

500t . .
. [ 1] ]
ool A
£ 300} J 4L 7 iy
g v A i W
®200r A

100‘!""'v .0'....-""
AM.W....I.

0 60 120 180 240 300 360
fi 18] /min

4 BEFIBEMESRUEENZM

Fig. 4 Effect of curing agent content on the

viscosity of polymer

F1 Pb100 1 [ £ 700 Ve B ARG, 43— [ A B 42 fi Ak 232
RRAR, Pl I g A P AR I, LR 2 BE 45/

3) X i SR JC N B 7 e 5 B 1) 5 i)

SBCA LT R T R Bt e i B 5 i
KBS R A S s, WIS /TR, 78 1,3,7d
B, o SR e i J3E I 7 A 751 ) 3 T R 4
K, Pb160 WUHTH R EE e R, & SR 4 I A 3
Pb70,Pb100 A1 Ph130 s kf Bt JE 38 FF 37 22 34 i,
Pb160 HTESRELEF P 14d A F|IE(H, Ph100 T
JESR B fe R, HFRP B R Ph100 (94T R 38 BE AR
HGEIA & ; Pb130 1 Pb160 FHT R 5 B8 75 3547 ) ]
WK,

30 a_pp70 —e—Pbl00
)5 A= Pb130 —v—Pb160

\

W
»
[}

\2\.\\

1 3

7 17 28
FY R

Bs SRYREZRERRETHHE
Fig. 5 Curve of the polymer compressive strength

with curing time

% B AL FRRE (PH70) , oo B 2 1 K
(R 58 FE A B, 1Yy Pb100 W& {H 58 FE Y 55%, X
SR EA S T, IR R 5 AR Z
FHEAEFAS 2, [ A5 B Ry T8 #E 58 IS, T3 A7 A6 3 4
IR A ST, PN 0 3¢ IOk 2% 8 iR IR, 7E 22 0
2 LRI BAR PR B, T AR B
AT, BT 5 R S8 I 53 BBORE AL - 22 i sz 1o
WER KRG I, 448 B 435 [ Ab R0 43 i 33
N, NS B Do) 4 5 8 T, BT L 7 R U 0 o A g

BISR I, (Had 2 A R A7) 2 5 305 R Y IE 1 1
Jn, PiAS I fE J1 1155, ik Pb130 F1 Ph160 AYHLE %
FETEIG IR B I K e B 1h, IR E W
HEAEFIE LT 1 1 B (Pb100) , 73 [8] 5O 78
I3, Te SR N T S B 2 B v, AT R o SR IR AR

4) AR IR 2R 3 A S X e

A A L R ) BELE B[R] B bR
S8 EE AT, Ph100 1 2 BEAIG | AT AR i [E) S | % 5
B SO /0SS R A Ph100 38 #4704
1 R A K e MoK B AEARRIE R IS S R 1R
B8 B B B B AR S 6 s

30,
—a— =T ERY
25} —e— KIKF
—a—JBYHKYE
£ 20F
g —
% [ a
i (] S
5t ._/o/.
"—=2 03 04
VESKE J1/MPa
0. a ¥EkEE
—a—EERY)
50 —o— KT
—n— YK TR
£ 40|
~ L )
2l A—
® o A
520} .Al/
10}
"—=2 03 04
R L J1/MPa
b ¥ EEE
6 -
—a ERY
5t —e— JKIFH
—n— YK IE
41

R R/
(3] w
\’

1 —
L
0 —=2 03 04
ERIE S1/MPa
c EXRE

6 AEERMBTHERSE
Fig. 6 Grouting parameters of different

grouting materials

1o R AS 2 BURDRL AR BR ) H. 9 B 3 AR | s2 /b
PRAGBHASRE B/, e SRyl AE AR AR 9 TR T F DL
B EIE RGEA LB, I RS R P 2 R



2026 No. 10

Ji 5 AN RSPE R AR T SR TS BRI 5T 155

TFE AR X AR S P sh B B/, = R )
OIS ZBAE 40, Bk T Y B %
NBIBEY W, FERIETIN 0.4MPa B, FERE
AR BN, FEE SRR &R AR
G HGE BEAA TR B B A K e URL T B
2 30 [ BRI INBR ] TERD R 75 U8 S50OW T #E L
AT 8, Y Bz SRR R, S N
FES LT, 24 N0 R 1 K T RD A 1 8% 41 A
i, B AR K PRI 2 0 SR R A B Y,
TS AR K el A IR TE 25 A BL, M Ak e 45 4
P G 21 1 DN N = AN S| e
BT K], KBS TE 3 ARG h 3y kA
TIPS, X2 7K B 3 R 32 0k A2 B A
BT A SR, R ERFLB Y s shi,
Gy R R 3% OB FL B, 5 805 e O Bz B, 2K
TR SRR G A, BETH RN S T, 3K 5
[ 25 A RE 5 A ) 2 M T O A B S, K B
BESE A PRIK S i) RS 3z /N T oAl 2 Rk, fEL1 i)
KPR,

HATRIA R B 3K R 1R, o R B SR B 10k
PTG, SR S R Al 3 R R AR R
137 B RRIRR B BE , SRR B[R] P A R
B, 3 ARG R AR R b
FESK R ST IR B — 2 B4R . SR AT,
RPN Y B T B AN K Ve Rk B 5
3.2 ERYBEXTEAD 2 ERE AR

1) Te B4 s B

ANl R B T AL RSP E 58 B il £k an &l 7
FE7R . AHDGSCHREE I, 2440 )2 6 0 BR Bt e 5 1 3k
) 0. 6MPa A1 BRI AT E 47t T4, 4 41
HEREY B E T HEDIEIEY 1d )5, 50 E ¥k 3
IMPa DAL=, 3l J X5 TR0 2 % e MR R

0 o IsumBmBE

- 0% EVBE
A 25% RAIBE
- 30%EEIBE

oo

N

P 3B /MPa
~

3 14 28

7
FryRHid
E7 AESRWEETELUHIEREMLE
Fig.7 Compressive strength curve of solidified

sand under different polymer content

HE 7 AL, = R B 5 20% ) B AL AV BT
SREEFL . BT R R Y s R 15 D i) A
W] 25 BRI ARAS 3 A SR 78, HUB0RE ] 35 25 7E 1388
LSS R AR AR X BA, SR AN AR R AR 5
IR BUR R EEBAL, Y m BB =N 20%0T,
SR )L Bt JE e %8 5, LAk a] P R e R A,
L[] BERE T A A1 557 , AT SR A 38 (R 1 5, o BT 1 i
B EFRBEAR

2) BE ST hi R

ANEE R YB E T BB 2 G hr o B ih 28
WE S i, MK S %, 4 4w RysBanE ik
B S5 5 357 i % 0 ) e i B R P Y K
HI KR EA S, FAD T 1 28d Ik 306
HPTPIREE, F597 28d Jo , AR Py &6 & R ko
SN T8 B, e 3R W X6 0 R ) 35 3 1 4 4 Gk B A
fE, M TGN AW AR, = R E AT
=AM HA— o I BT RE AR A2 iy 2 fig )
5, A [ 4 i T PR ) A SR 4 (A 2K i 2 TR T
PRI FURE (A2 % DR A BT o 2 I S 4 v

207 o 1s%m BB R
- 20%EENBE

|4 25%m RIS E
- 0% RO BE

=N

—
\S]

BRI/ MPa
g &
\\\\w

(=]
—_

3 14 28

7
FRIPIIY/d
B8 AREBERMSETELRERAIEE ML
Fig. 8 Splitting tensile strength curve of solidified

sand under different polymer content

FES SR 0, AR AP A 55 S B ik B X Bl
RYB a3l g K, ERRYBEREE
FI, S R YIB RA 30% 1Y B AL DR RS 24 bt 47 5
FERAR ., M R is a e, EALab LB P = R
YRR R L, 0 R B0 B 45 R R, R
TR AN R ATV LD AR A A A
2 PP B, BEE SRS RN,
WR RIFLBRAR B R I 7, B4 2R E S 8 —
ok, B LR PRI BE S BN, A mbRE
(S L7k 3w W NREE LR EeS A ST TN SR
S Z Y Y A SR R R P i i, 2% b, M
RYBEA 30% 1 AR EF 4P TH0 B e il
3.3 ERYB X EERD OS5

ERYIB R 15% 1 20% [E AL 10 1Y HOWIE 51 40



156 il THEA (FF3E30)

555 &

B9 fr7R o FETER 30 R80T, R R YIB 2 15% T 1Y)
P RD S T A5 JEE 50 58, UL (] 22 B 42 fi, (1 46 20
AL R A AR 2 RN — IR
TR 1000 A5, A B UKL 2 1T A4 i 2R ) 42 B 2=
55, HAL AL BN, ORE 18] 1 i 2R 40 R IE A 3%
IUE AR

L5

A
PR

G Y ¢ HAE LR

b EmEMBE20% GRK306%)

caf

a F BB E15% k3045

x
AR 5
aEEBR

B o 5 15% d%%z
et At CHORT 000%)

9 SRYENLRRUTR

Fig.9 Microstructure of polymer improved sand

R YIB I 20% 1 B ALRD 76 B FE B 4 v, e 2R
YSEFEAE R RN A 3 v 0 ) 22 fik 7 =Xl
Sl 9 Sy o M, 42 ke v AR e A R R AR
TERL T BRI = R Y -0 WOk A R AR, = RYB
1 20% B EE AP EURE ORI 1 000 £y, AT AR F 5
TEMIBELE T 5 = Yk W 4% 45 A S B A R
T, AR R IR R R, mRY MY
TR IR i R SR A7 A0 o 2V I B 1R 1 07 2
WO RE TR AE) R WA TG hy %85 52 L SR RO 4R
o AR B s R SR, =R YR LS
FEAEFIA B T RPRE I B A 25 40 | AR 4% (A 15
P EGE R AE S B R B A R
Yrs Al T R R Y BB AE BT ROR , B R Y — 4
W 4% 78 55 90 LK, 34 432 0 I ST D R K5 16 i
o SR - AT A SR A AR S S R, A A Ak

URTERTE Y=
4 Z5iE

1) 1o 3R 0 1% 5 235 s i) e e P e 288 A 50 5 o
(R I/ IS KT RA B 1 T, Ph100 3¢ 3 B A
JE G B AT AR R]

2) 1o R AL R R e A P 2 A R B b
InSeTtE %, Ph100 1Y 28d Bt sk Bk

3) WY BORIEE W, Ph100 I3 HEEA P E
o B B S A I K B 2 RER i K e, LRl 2
FE 7T P 4 i 2

4) R Te M FRAC T 5 B TE 20% = R Y5 A

I IR S (R B L TRR A 30% B BN w5

JERRIE [l A 02 DLz R o HETE 20% 9 5 B

B,

5)SEM 7R, i 2R Wy B | S AR B AR

FHAT 55 b JBORE 1] 16 2%, T ) P SRR, I 25 2l

A THPRER S ERE

SE Lk

[ 1] BRBE AR ARAT 1L, 55, & KD 2 i AL 5% 38 F 47 1h et e 1
B HR R R 1 40 B [ 1], +b [ 8k 3E B2, 2015, 36 (6)
55-62.

QIU Y, YANG X A, XU Q W,et al. Analysis on stability and
instability risk of excavation face of shield tunnel in water-rich
sand layer[ J]. China railway science,2015,36(6) :55-62.

[ 2] SETThA, el i, 5. B W KD J2 Biih ) 3L

REERE DAV SR [T]. KF 5 @A TR ER,
2017,15(4) :32-38.
YUAN K K, LI X W, XU S H, et al. Underground grouting-
reconstruction technology for thick water-rich sand layer and its
engineering practice [ J ]. Journal of water resources and
architectural engineering,2017,15(4) :32-38.

[ 3] LIUY T,CHEN B. Research on the preparation and properties of
a novel grouting material based on magnesium phosphate cement
[J]. Construction and building materials,2019,214:516-526.

[4] U ERA NAK, S &K )Z S BOE Kb R 5 6
JHWFFE[J]. 540 1% 5 T4, 2019,38(7) :1420-1433.
SHA F,LI S C,LIU R T, et al. Performance and engineering
application of effective microfine cement-based grout( EMCG) for
water-rich sand strata[ J]. Chinese journal of rock mechanics and
engineering,2019,38(7) :1420-1433.

[ 5] RSAME, WK, W ke. e 350 5 1] 2 e Bg A v 24 0 [T

MR EA BRI 1], & D155 TR A, 2008, 27 (11)
23(09-2315.
LATH P,XIE Y L, YANG X H. Treatment effect analysis of
shallow-buried crushed surrounding rocks under unsymmetrical
pressure reinforced with surface pregrouting technology in highway
tunnel[ J ]. Chinese journal of rock mechanics and engineering,
2008,27(11) :2309-2315.

[ 6] aRffls. oL BT vy s o 7K 2 ety VE I T AR [ ], Bk
TR ,2010,27(5) :58-62.

ZHANG ] R. Grouting technology for construction of mountain
tunnel in high-pressure water-rich fault fracture zone[ J ]. Journal
of railway engineering society,2010,27(5) :58-62.

[7] ZHOU Q,HAO J P,LU P, et al. Study on a new adhesive of
concrele cracks repairing [ J ]. Advanced materials research,
2010,168-170.1308-1312.

[ 8] SeiEn X4k A%, 55 TR B 1 B 0 TR SR o e o 11 1K
EsE[J]. FA 1% TR, 2021,40(S1) :2681-2691.
CHAI Z Y, LIU X, YANG P, et al. Experimental study on
physical properties of silica sol and its grouting modification of
mudstone [ J .
engineering,2021,40(S1) ;2681-2691.

Chinese journal of rock mechanics and



2026 No. 10 0% IR BT SR IR B 157
(9] Z=FPF, Z=RA SRERHS, &5, —Fhar 0 i 4 1 13 3 A R nd i grouted-sand [ J]. Construction and building materials,2023,392 .
WAFFE[1]. A A 155 TR ,2010,29(S1) :3150-3156. 131955.
LI L P,LI'S C,ZHANG Q S,et al. Experimental study of a new [18] LIS C,ZHANG J, Ll Z F, et al. Investigation and practical
polymer grouting material[ J]. Chinese journal of rock mechanics application of a new cementitious anti-washout grouting material
and engineering,2010,29(S1) :3150-3156. [J]. Construction and building materials,2019,224.66-77.
[10] 52, EuImE, X050, 5. B K V3R St 2L A6 0 7 20 % [19]  ZERGK HSA R R, 5. SARGTh s B B o 7 e iy
PR B AAEREFEAN [ )] ABHT 4R, 2023,37(18) :278-286. R[], #4717 ,2016,37(S2) :175-186.
FU H,WANG C H,LIU L Q,et al. Composition optimization and LI H D, TANG C S,XU Q L, et al. Advances in experimental
durability evaluation of waterborne epoxy modified emulsified testing methods of soil tensile strength [ J ]. Rock and soil
asphalt for road[ J]. Materials reports,2023,37(18) :278-286. mechanics,2016,37(S2) :175-186.
[11] MALAKOOTI M H,ANDERSON P L.,SODANO H A. Toughening [20] 9. SRAERRIK T IR TE A AN b b 2t TOCHEF AR [T ], BRIl
mechanism of heterogeneous aliphatic polyurethanes [ J ]. AW (FPIE) ,2020,40(S2) :225-232.
Polymer,2014,55(8) :2086-2093. SU H. Key construction technologies for Wanrong tunnel of
[12] SIGNORINI C, NOBILI A, SOLA A, et al. Designing epoxy Menghua railway crossing silty-fine sand stratum [ J]. Tunnel
viscosity for optimal mechanical performance of coated glass construction,2020,40( S2) :225-232.
textile reinforced mortar ( GTRM ) composites [ J ]. Construction [21] ZENG Q. &Hr b i 28k T 15 % S ai b )20 T8 AR &
and building materials,2020,233.117325. [J]. China exploration & design,2013(4) :79-81. W . k%
[13] WANG W Z, ZHAO W Q, ZHANG J J, et al. Epoxy-based TEZE TR SR D)2 T AR 2 ()], R s,
grouting materials with super-low viscosities and improved 2013(4) :79-81.
toughness [ J ]. Construction and building materials, 2021, [22] ¥ J7KE, B0 Sh 1] VR G 4252 X A] & KA 28wy [ B R
267:121104. WoE[ )], Dol Esi,2023,53(S1) :465-468.
[14] ANAGNOSTOPOULOS C A, SAPIDIS G. Mechanical behaviour YANG W J,CHEN Z, MA C. Study on advanced reinforcement
of epoxy resin-grouted sand under monotonic or cyclic loading technology of water-rich sand layer in shallow buried and
[J]. Géotechnique letters,2017,7(4) :298-303. underground excavation method [ J]. Industrial construction,
[15] ANAGNOSTOPOULOS C A,  PAPALIANGAS T, 2023,53(S1) :465-468.
MANOLOPOULOU S, et al. Physical and mechanical properties of [23] EIH, BB, DA AR AN 2R 40 b b 2 X 6] % B Y 4251
chemically grouted sand [ J ]. Tunnelling and underground space Wl BARALTI T G B[ 1], Bl & (P 3 30), 2021, 41
technology,2011,26(6) :718-724. (12) :2140-2149.
[16] LI S C, WANG P C, YUAN C, et al. Adaptability of WANG Y,XU Q P,MA Z L. Practice and optimization of grouting
polyurethane/water glass grouting reinforcement to subsea tunnels scheme for expansion excavation of tunnel in silty fine sand
[J]. Construction and building materials,2021,311;125354. stratum of Zhengzhou metro[ J ]. Tunnel construction, 2021, 41
[17] WANG X Y,WANG C,LI P F,et al. Experimental study on new (12) :2140-2149.

grouting material of acidic sodium silicate and its properties of



