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Research on penetration grouting diffusion experiment and
reinforcement mechanism for sandy soil porous media

SHA Fei, LI Shu-cai, LIN Chun-jin, LIU Ren-tai, ZHANG Qing-song, YANG Lei, LI Zhao-feng

(Geotechnical and Structural Engineering Research Center, Shandong University, Jinan, Shandong 250061, China)

Abstract: A novel visualizing constant pressure penetration grouting diffusion and reinforcement simulation test device was designed.
The ordinary Portland cement 42.5 (OPC), microfine Portland cement (MC), microfine sulphoaluminate cement (MSAC), and
self-developed effective microfine cement-based grout (EMCG) were selected, and the penetration grouting diffusion and
reinforcement test has been performed. The variation rules of diffusion distance and volume under different suspension and grouting
pressures were studied, as well as the effects of grouting material, pressure and sand gradation on the reinforcement. The ANOVA
method was adopted to determine the dominant factor for grouting effectiveness, and the macroscopic failure modes of reinforcement
specimens were obtained. The microscopic reinforcement model of rock-slurry interface and mineral characteristic were analyzed
through SEM method, and the core reasons of reinforcement differences caused by different grouts were revealed. The results show
that the grouting material and particle percent in slurry were the dominant factors for the groutability of fine sandy stratum, the
increase of groutability was not evident with the increase of grouting pressure. The groutability of EMCG slurry was the best,
followed by MC and MSAC, and the groutability of OPC slurry was the worst. The strength improvement of reinforcement specimen
was better when the sand gradation was finer when suspensions penetrated fully. The 7 d and 28 d strengths of EMCG reinforcement
specimen are higher than those of MSAC, MC and OPC, the 7 d of strength of EMCG reinforcement specimen is greater than 70%
value of its 28 d strength. The grout is the dominant factor for reinforcement effectiveness, and EMCG is the best while OPC is the
worst. After grouting, the dense C-S-H gels produced in EMCG rock-slurry interface can enhance its bonding strength effectively.
Finally, improvement suggestions for practical penetration grouting design have been put forward based on three aspects, which are
grouts selection, grouting dynamic control and drilling holes layout.
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Fig.1 Visualized grouting diffusion system
for sandy stratum
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Fig.2 Photos of grouting experiment system
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Table 1 Main devices and performance

EX Y P RE

SEERE EREN 0~30 Limin, HAFERIE SN 3 MPa
SENTHENL P A 50~2 000 r/min
Egreadi] AR 200 L
RGN HEXE 0.9 m¥/min, XUEN 0.5 MPa + 0.02 MPa
iy e B2 15 % PAEH 12.5 mm, KT 20 MPa

22 REHE

(D FERMEHER.: @R R PO.42.5 /K
(OPC); HYHEERRE: 42.50KYe (MC); BYfER
fRELKIE (MSAC); H EWHA =BG KERE A
ML (EMCG);s A [RIZK IR EERHSURLRL AR 7341 %
BWOCRLEE AR

SCH 4 PR AR R BORDRLAR 43 A 3
A 2. B 3 . KK 11 I, 4 FhiEdR M
B FEAYEL J7 22 R RE WK 3 Fis .
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Table 2 Chemical composition of different grouts
(unit: %)

MEZF Si02  CaO  ALO3; FexO3 MgO  SO; Wk
OPC 2165 5406 9.5 285 390 362 287

MC 20.64 5651 645 238 3.60 370 4.90
MSAC 8.03 4616 2787 236 1.11 11.57 1.87
EMCG 26.12 4832 11.13  3.27 4.21 310 221
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Fig.3 Particle size distribution of different grouts
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Table 3 Basic properties of grouting materials

LT 1) b HUE 3R/ MPa WEE
T -
Ik (283 3d 7d 28d /%
OPC 7.3 8.9 54 9.40 142 76.5
MC 5.5 6.7 9.7 11.50 17.1 98.9
MSAC 0.8 1.2 10.6 13.40 16.4 99.3
EMCG 2.1 2.8 133 2432 32.8 99.7

(2) #EFE: EH 0.15~0.30. 0.30~0.60.
0.60~1.00.1.00~1.40.1.40~2.00 mm 3t 5 ffi (S1~
S5) HupifRrh-4iRb, FET S1~S5 AR —FhiE
ARATHIFE (S6) , H-ilFERUR 24 I S B 2 4n
R 4 FoR, BAH S6 AN F 7 Jokifa ok & & i
x5 PR

R4 DARTNAREEEYESH

Table 4 Particle size distribution and main parameters

SUki% D, D, At
HT . Chax Coin
/ mm / mm / mm "
S1 0.15~0.30 0.16 0.17 2.63 1.142 0.713
S2 0.30~0.60 0.32 0.34 2.62 1.138 0.687
S3 0.60~1.00 0.63 0.65 2.64 1.084 0.632
S4 1.00~1.40 1.09 1.10 2.64 1.040 0.608
S5 1.40~2.00 1.48 1.49 2.64 1.028 0.597

S6 TRA I 0.66 0.69 2.64 1.095 0.739

RS5 BEVDHEARASIENERNTE

Table 5 Particle classification contents of S6 sample

A5 BRI & 8 %

WP o015~ 030~ 060~ 1.00~ 140~  2.00~
030mm 0.60mm 1.00mm 1.40mm 2.00 mm 3.35mm
s6 9.7 105 320 19.1 18.1 106

(3) vEREEH: RIS R AERIE 5K
O b Wl o b A RS ALIR: LR U= SE s SO ot
RGOS, RERE ALK A
T RIGIEE P %EHL 40, 80. 120 kPa; AH[FZKIK
FAB LT, BRI R ks S8R s R K, 3
WOk B R S E BT T K AN 2, NEIER
FORIMATIHAE, A SR 2R R RN 257 4
o OKYETURLR & SVIGRKBR RN E 550 347
Wik, KKHH 1:1. 1.5:1.00 2:1. 2.5:1.0 o 5>
AN 50%. 40%- 33%- 29%.

(4) R B I E SRR BT E T
(ANFAIFARAL ANRRERFE S A FERE D
S TR R AR R A T 2K
WBEY IR, RSN G, K nEAEsFE
% 7, 28 d, 43 BPKRB MU B LS I b a4 B D)
FF: INEREAE Y 100 mm. 554 200 mm, K
AN TR B 2 o ] A B b R R

(5) 0 A3 o 45 I E R : SR SEM
WO 725, AR 2 AT 25 — 2 3 T sk 8 DX w7 e
PE. BRE SRR, T BLIK TR YRR
AR LK. EMCG -2 S mE L], REA
[EI AR IR E A T2 5] B4 23— o0 i & AL
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Fig.4 Filtration illustration of cementitious suspensions
in sandy soil porous media
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Fig.5 Measured permeation diffusion states of OPC slurry
in sands with different graduations
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Fig.6 Penetration grouting diffusion results for MSAC,
MC and EMCG suspensions in fine sands
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Fig.7 Grouting volume variation with time for different
grouting materials
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Fig.8 Grouting volume variation with time for different
sand gradations and grouting pressures
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WEIRE] 2 m, VbR LRI AERE G GH R B AR 4 A
SR B S E SR

4 Rb LA BE S N E ML A

4.1 RS I0E SR K
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Table 6 Compressive strength of reinforcement specimen
with different grouts

. @ﬁ o, bus@ﬁﬂ i %% aﬁ%fE
1.09 7 OP-1 1.0
OPC 1.48 7 OP-2 0.9
1.09 28 OP-3 2.1
1.48 28 OoP-4 1.8
0.32 7 MS-1 3.9
0.63 7 MS-2 3.6
MSAC & 0.66 7 MS-3 3.0
0.32 28 MS-4 4.9
0.63 28 MS-5 4.2
& 0.66 28 MS-6 3.6
0.32 7 MC-1 2.4
0.63 7 MC-2 1.9
MC & 0.66 7 MC-3 1.8
0.32 28 MC-4 4.6
0.63 28 MC-5 3.9
& 0.66 28 MC-6 3.1
0.32 7 EM-1 10.2
0.63 7 EM-2 8.9
EMCG & 0.66 7 EM-3 8.1
0.32 28 EM-4 13.6
0.63 28 EM-5 12.1
¥ 0.66 28 EM-6 10.5

# 6, OPC Xf Dy, =1.09+ 1.48 mm iRk FE 10
] 5R fEEAG, X5 OPC RIBHT/KFEA KP4,
BRI KRS T LR EILRKR L, R

OPC BRI E K FHEUKMAE 87, BIAREA %0
[, %1% D, =0.32. 0.63. 0.66 mm 40> +-ikFE,
EMCG JinfEfk 7. 28 d 5EHEE & T MSAC 5
MC Ak InE R 47, EMCG 17 d il s
FERE I 28 d SRAESH, EMCG 4004k (D, =
0.32) JmfEfA 28 d BEFEIAF] 13.6 MPa. {E5E 2%
TEOLT, WOFEGRECERGN, JR N [ R om 5 2 B K
R, BN B e R R 2 . MSAC i [ 4 B
W (7 d) SREERGE, 28 d SREEIEIERIE, MSAC
A 7 dv 28 d 3R ST MC mEE, {H MC
5 MSAC hnlil {4 28 d seEEFHZEA K. Hit, 2T
HERINE R, 4irb 32 2R TR AR %
JIi 8 EMCG > MSAC > MC > OPC.
42 FERMERRFERERST

N A R Ts S -t B e T TR
A RERMEL. BB (D) « ERIES,
K F 7 2 Wb S e R R A TALE T, 45
MR 7 Fiom. RPIEI T 400 T4k, FERT
MSAC. MC 5 EMCG 3 Fl 4K 3= KMk .

RT EREHEBREBRR T EZMR
Table 7 ANOVA of influence factors for grouting
reinforcement effectiveness

BB R PRI D, HIIES 28 d S
/mm /kPa / MPa
1 MSAC 0.32 40.00 4.0
2 MSAC 0.63 80.00 42
3 MSAC I8 0.66 120.00 3.9
4 MC 0.32 80.00 4.6
5 MC 0.63 120.00 4.1
6 MC I8 0.66 40.00 2.8
7 EMCG 0.32 120.00 14.0
8 EMCG 0.63 40.00 11.8
9 EMCG I8 0.66 80.00 10.5
K, 4.03 7.53 6.20
K, 3.83 6.70 6.43
K, 12.10 5.73 7.33
R 8.27 1.80 1.13

T K o~ K, ~ K, 08 FIRE 1L 2. 3 ACFF K 28 d 38 B TG
PROFIME: R, 9 SIEREIE

RTH, HERMEZEEZ KT LR 5T
FIEF7, XF 28 d R KN ERCR R, NEEE
K. WERERWRIKL, ERIEIIE MRS . b
TRALBRGRD L3t ZIE SR B, R AR R
ORI ZR, RO EERIEE SR @ N BOR T
PR AR S AR T4/ a8 IR G5 e 1R B K
MR RN R 78 70 SR P Z W - B R S 2
o, MRS REE SRR IS S, PR ESLER
IR RIS, FER ORN AR L 5 R AR SE
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Fig.10 Stress-strain curves of grouted specimen with
different grouting materials
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